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Abstract 

Behind the Wheel: A closer look at influential relationships 

among internal factors driving a technological paradigm shift 

Carl-Oscar Helleblad Nymo 

 

 

 
Global sustainability awareness and governmental regulations are pushing the 

automotive industry into finding alternatives to carbon dioxide emitting 

products. Solutions utilizing electricity in the vehicle powertrain is overtaking 

market share from internal combustion engines (ICE). This tendency has spread 

into the heavy-duty truck segment which poses questions regarding the future 

of the ICE. An alternative, electric motors, powered with batteries, fuel cells of 

even ICE’s, is thought to become a core part of future mobility. To mitigate 

discontinuities during a shift from ICE to electric motors, a study of possible 

factors affecting such transition has been performed. The result indicates 14 

main factors which are thought to have a definite role in a major technology 

paradigm shift. These factors are: Supplier relations, Material management, 

Material availability, Available space, Scalability, Product flexibility, Risk 

management, External resource utilization, Internal relations, Demand 

estimation, Management endorsement, Appropriate methodology, Employee 

engagement, and Competence renewal. A structure using ISM methodology is 

established highlighting the factors’ influencing relation to each other. Anchored 

in the theory regarding paradigmatic shifts within industry, a tendency of 

technological, managerial, and institutional influence on organizational change 

can be discerned where the institutional level poses as the fundamental 

dimension of derived quality. The factors are identified from a Scania specific 

case but are broad enough to apply to similar situations facing challenges of a 

technological paradigm shift. 
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Popular science summary 

While electric vehicles are trending on their respective markets and are expected to remain a 

hot topic in the foreseeable future, a challenge arise for some manufacturers of automobiles. 

The primary difference between a conventional fossil-fuel based vehicle with an internal 

combustion engine and a fully electric vehicle is the engine in the drivetrain. Despite the role 

of the motor remaining intact, the technology is fundamentally different.  

After producing internal combustion engines for decades, becoming one of the best in the 

business, an issue presents itself for manufacturers such as Scania. To suddenly meet a 

demand of electric drivetrains could require a shift in production. If the trend becomes the 

conventional solution within vehicle propulsion, a shift might be deemed necessary for 

organizational survival. This notable transition would imply a technological paradigm shift 

within the automotive drivetrain, as well as for the industry as a whole.  

 

Even though the idea of commencing a production of electric motors seems quite manageable 

for a company of Scania’s magnitude, the shift could be subjected by obstacles less obvious 

than what meets the eye. In this paper, a number of factors, affecting Scania’s ability to 

successfully implement an electric motor production, has been treated, and an especial focus 

on their interrelationships, which are not directly implied by its context, has been taken.  

By consulting with internal and external experts within concerned fields, an overview of 

which those factors are, and how these certain factors influence each other was defined. These 

influential factors were defined as Supplier relations, Material management, Material 

availability, Available space, Scalability, Product flexibility, Risk management, External 

resource utilization, Internal relations, Demand estimation, Management endorsement, 

Appropriate methodology, Employee engagement, and Competence renewal. By assuming 

possible relations between these factors, a structure which indicates how they affect each 

other was constructed. Drawing upon this structure, some conclusions about which factors 

play an important part in successfully adapting to a new technological paradigm for 

automotive manufacturers could be made. It creates a holistic view of factors from a vast 

assortment of foundations relating to the same issue.  

 

The analytical framework deployed to reach an influential structure tree was based on 

Interpretative Structural Modelling (ISM). ISM allows related or unrelated factors to be 

bundled together to show interrelationships in between by consulting knowledge owners 

within its field. The experts are asked to determine the relationship between two factors at a 

time, whether there is an influential direction between them. By doing this assessment for 

every possible two factors, a comprehensive structure could be developed. Tying back to the 

literature on paradigm shifts and organizational change, some connections could be made 

regarding the importance of acknowledging the institutional impact on technological 

endeavors. The factors were divided into three dimensions; the technological, the managerial, 

and the institutional dimension. Factors adhering to the institutional level, such as employee 

engagement, internal relations, and management endorsement, were found to have a high 

level of influence on the rest of the structure. This could indicate that aspects regarding 

culture and values within the company have a major influence on a project of this kind. By 

performing a qualitative study like this, awareness can be raised about issues not directly 

obvious in regard to a technology shift for an incumbent company and other. By developing 

this holistic way of thinking about technological paradigm shifts, the possibility of addressing 

such situation accordingly could improve a company’s ability to endure by understanding the 

connections between the dimensions discussed. 
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1 Introduction 

On December 12th, 2015, 196 members of the United Nations Framework Convention on 

Climate Change reached, during the member conference COP21, a consensus to pursue efforts 

to keep a global temperature rise below 2°C during this century. This accord, known as the 

Paris climate agreement, highlights the global awareness of the efforts needed to mitigate the 

now well-recognized effects of global warming. This awareness, coupled with legislation to 

restrict the use of carbon dioxide emitting products and the predicted scarcity of fossil-based 

energy resources, has fuelled a demand for more sustainable solutions of products without a 

considerable effect on global warming. The Paris climate agreement is due to take effect during 

the year of 2020. The efforts each nation is obligated to take are individual depending on their 

current state. The Swedish government, for example, introduced in 2016 an electric bus subsidy 

to encourage electrification of regional public transportation systems (The Swedish 

government, 2018). Other countries might deploy a more enforcing strategy to spark a change 

within current transportation. France, for example, has announced to ban all gasoline and diesel 

vehicles by 2040 (Ministere de la transition ecologique et solidaire, 2017). Steps like these, 

combined with an increased sustainability awareness, down to corporate and individual levels, 

will boost major shifts in affected industries. This trend is noticeable within the automotive 

industry where a demand for vehicles with a lower carbon footprint is increasing (International 

Energy Agency, 2017). This could be the beginning of a paradigm shift within the automotive 

industry, where internal combustion engines will be replaced by solutions utilizing renewable 

energy sources for propulsion. Looking into the possibilities of electrification is something 

several of the actors in the automotive industry are doing today, with a handful of unveiled 

products to be put into production shortly. 

 

Today, several major car manufacturers already offer products where the common internal 

combustion engine technology is replaced with alternative solutions. The dominating 

alternatives seems to be the development of battery electric vehicles (BEV), hybrid electric 

vehicles (HEV), and hydrogen fuel cell electric vehicles (FCEV). The adaption rate of these 

vehicles could be connected to the different technological challenges affecting their 

performance in comparison to vehicles utilizing the internal combustion engine (ICE). These 

challenges are, in general, connected to the transportation range, energy efficiency, and 

refuelling time according to consultant assessments (Heid, et al., 2017).  
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Within the heavy-duty truck segment of the automotive industry, the adoption rate is slower. 

Due to the importance of enough range for a vehicle, and the importance of uninterrupted 

continuous operations, the ICE powertrain has kept a large share of the powertrain solution in 

new vehicle configurations. But as energy storage systems and energy conservation solutions 

are continuously being developed, the feasibility of a vehicle which utilizes an electric 

powertrain is increasing. However, a portion of the actors in the industry already offers 

electrified heavy-duty trucks for specialized applications. Early predictions, regarding the 

future market share for different powertrain configurations in trucks, indicate a transition from 

fossil fuel based to electrified powertrains (Heid, et al., 2017). This prediction has sparked 

increased interest of electric propulsion within the truck industry.  

 

1.1 Background 

Scania, a Swedish trucks and busses OEM (Original Equipment Manufacturer) has a business 

model aimed towards industry leadership and being identified as a premium brand (Tongur & 

Engwall, 2014). Being in the forefront of technological development entails a focus on 

electrification and autonomous drive. If electrified powertrains would become the conventional 

choice for vehicles, it would constitute a mayor shift within the industry. The technology which 

corresponds to the current central product architecture within the heavy-duty truck industry is, 

as mentioned, the ICE. The engine is a mature technology which has been utilized in vehicles 

since the 1800’s. The maturity has led to rigid production processes which yield a high and 

even quality of output. 

 

In a theoretical scenario, where the main production focus becomes the production of electric 

motors, and systems supporting its function, the functional area of engine production (foundry 

and machining) needs to elucidate its role in this scenario. If the manufacturing of ICE’s 

becomes less important, or obsolete in the future, and electric motors for propulsion becomes 

conventional, it will create a need for a shift in production, especially if manufacturing is still 

to be performed inhouse at Scania’s production facilities. Entering production of a product, 

which is not currently produced, when machine park and competency lies within the production 

field of ICE’s, entails disruptions in the resources mentioned. A relatively new body of 

knowledge, regarding electric motor performance, must be built encompassing manufacturing 

quality assurance. The first task, to embark on such transition, could be mapping out the 

theoretical issues which would follow. This scenario would constitute a technological paradigm 
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shift. If this is the case, the transition could affect actors in the industry with a strong focus on 

the performance of the current powertrain architecture, such as Scania. 

 

1.2 Empirical context 

Gauging implications of a future scenario is inherently imperfect but doing so from the 

perspective of the employees of a company can generate a general perception based on the 

expectations regarding an issue. As a multinational company, considered an incumbent in the 

truck manufacturing industry, Scania poses as an interesting locus from where to study the 

interplay associated with large radical changes and its consequences on the forthcoming 

operational challenges. Since objectives shaping the strategic intent are not yet officially 

established regarding electrification, the tactics for how a radical change is to be performed 

could only be speculative at this point. These uncertainties however amplify a notion of how 

technical issues rarely are purely technical. As a technological paradigm shift is carried out 

based on human decisions, these are inherently colored by both individuals´ and groups´ own 

biases, consciously or unconsciously. Therefore, probing into the views of certain groups can 

yield a perception bound to have influential ties to the actual event and, in the end, indicate 

interesting attitudes at an early stage of said transition. 

 

1.3 Aim of the study 

This research project is initiated to perform a status analysis of the engine machining unit at 

Scania, to work proactively with possible scenarios of the future. The purpose of this study is 

to proactively address the circumstances revolving a technological paradigm shift at a company 

with a strong core competency within the current paradigm. The research aims to raise 

awareness regarding influencing factors in a paradigm shift as well as their interrelations among 

them. Addressing the subject, from a perspective of a technological paradigm shift, with a 

methodological approach, could yield insights valuable from an academic, methodological, as 

well as competitive point of view. 

 

The aim of the study is to address the circumstances of an anticipated technological paradigm 

shift from the perspective of an incumbent within a technologically intensive industry. To do 

this, factors which seems to affect an incumbent’s ability to adapt, will be mapped through the 
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deployment of a framework applicable for quality management. The research question guiding 

this research are: 

 

I. How do independent factors connected to production affect an incumbent’s overall 

ability of adaption towards an anticipated technological paradigm shift?  

 

The Scania engine machining will constitute the foundation for the empirical data acquisition. 

As this unit might face considerations regarding electric motor production it will serve the 

purpose of the study in a satisfactory manner. The study takes a certain electric motor available 

on the market today as the basis for the issue identification, and experts’ opinions within the 

current product paradigm will be the source of the empirical findings.  

 

1.4 Research approach intention 

The complexity and apparent lack of contextual definition of the research question warrants a 

systematic approach to build a rigid model of the factors. The intended course of action to 

answer the research question consists of a qualitative approach to the subject by interviewing a 

selected group of individuals with relevant exposure to the topic. These interviews should yield 

insights of possible streams of factors which seem relevant within the boundaries of the issue. 

By defining a set of factors, with an accepted coherent meaning, an attempt of relating the 

factors to each other are to be performed. To reduce the complexity of mapping the 

interrelations between the previously defined factors, the relational estimation will be 

performed considering one factor at the time. This step is also in cooperation with the previously 

consulted individuals. By establishing a structure based on the assumed influential 

characteristics among factors, a comprehensive flow chart can be created in a bottom up 

fashion. A more detailed description of the method deployed will follow in the literature study 

and the analytical framework chapter. By studying the final structure indicating the factors 

relational influence towards each other, some interesting dependencies can be derived. From 

this point, a discussion trying to answer the research question ought to be possible.  

 

1.5 Ethical considerations 

On the topic of ethics in the research, a couple loosely adjacent accounts, subject to ethical 

considerations, can be identified. However, ethical considerations as a direct result from the 
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research performed in this thesis was not readily identified. From a holistic perspective, there 

could be a discussion regarding the global move towards electrification within the automotive 

industry. As electric drive is seen as the environmentally friendly alternative to internal 

combustion engines, a look at the life time analysis between the two should be taken. A common 

basis for such study is looking the global warming potential (GWP) in comparison. This allows 

the two vastly different technologies to be examined through a shared basis. Doing this, it is 

important to take into consideration not only the use phase of the vehicle, but the production 

and final disposal and recycling. While studies incorporating these aspects find that using a 

European electricity mix, and a lifetime of 150 000 km, a 10-24 % reduction in GWP can be 

reached with electric vehicles compared to conventional gasoline/diesel driven powertrain 

vehicles.  However, aspects which are not included in this result is the risk for increased toxicity 

for humans and freshwaters, eutrophication, and impacts of precipitation of metals. These risks 

are more difficult to quantify which leads makes them omitted in environmental considerations 

(Hawkins, et al., 2013). Therefore, green washing of electric vehicles can cause unlooked-for 

negative effects from an environmental viewpoint. This impact is mainly associated with the 

supply chain but should be considered a responsibility for the future electric vehicle 

manufacturers. Related to this, in battery powered electric vehicles, there is an issue of 

extraction of minerals needed for the modern lithium-ion batteries. Some of these, for example 

Cobalt, is mainly extracted from the Republic of Congo, which is a nation with an authoritarian 

regime. The nation scores a 1.93/10 on the Economist Democracy Index (compared to 

Sweden’s 9.39/10) and has been subject to internal conflicts regarding extraction of other 

minerals (The Economist, 2017). With an increased demand, the unstable republic might 

conduce a situation where civil war is afoot. Not to mention the alleged working conditions for 

the miners, where fatality is a frequent result. This ethical concern is mainly a subject for the 

battery manufacturers, but in extension, their customers (vehicle manufacturers), and end-

customers such as users. For that reason, it could be something to mention, but a definite answer 

to how battery manufacturers, and in the extension automotive manufacturers, handle this issue 

is yet to be disclosed. 
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2 Literature study 

As a technological paradigm shift is not a point in time occurrence but takes place during a 

period of time, where strategic decisions and actions from stakeholders affect its diffusion, a 

study of its complexity and various forces is vital to identify where possible dimensions of 

influential factors could reside. By approaching the study from early works on the concept of 

paradigms and subsequently moving forward, a multidimensional and decomposed depiction 

of the interplay in a technological paradigm shift could be obtained. 

2.1 The meaning of a paradigm 

One of the most prominent authors on the subject of paradigm shifts is Thomas Kuhn. In his 

book “The structure of Scientific Revolutions” (1962) he addresses the nature of a paradigm 

within the realm of scientific research and discovery. Kuhn (1962, p. 10) defines the term 

normal science as: 

 

…research firmly based upon one or more past scientific achievements, 

achievements that some particular scientific community acknowledges 

for a time as supplying the foundation for its further practice. 

 

Normal science is therefore seen as the conventional idea of the basic understandings within a 

research field. Though, using the term paradigm, normal science could be seen as the reigning 

paradigm within the field. However, Kuhn reserves the use of the word to the occurrence of a 

conflicting conception regarding normal science. A paradigm is seen as a body of knowledge, 

antithetical to normal science, which pulls an enduring group of followers (researchers) from 

conventional conceptions, while being defined in a way to allow inconsistent problems to be 

addressed and resolved within it (Kuhn, 1962). The term of normal science is, in that sense, a 

paradigm which has been accepted as a valid foundation for the research field, the agreed upon 

view of how the features of the paradigm is consistent with how the world works. Within mature 

sciences, further development is often achieved through a paradigm shift. Even though Kuhn 

bases his assumptions on this definition of a paradigm, several meanings can be discerned in 

the book.  

 

According to Kuhn, a paradigm is created through the emergence of facts divergent from the 

normal science. These facts can be results coming from adjacent scientific fields, historical 
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accounts, or mere observations (Kuhn, 1962). As these facts are interpreted without a paradigm 

to support them, a wide range of conceptions could arise. As more facts are established, it will 

prove difficult to assimilate them into the normal science, and a new paradigm, which is 

consistent with these facts (and not directly inconsistent with previous ones), can originate. As 

this paradigm attracts more adherents from the normal science, a dubious posture towards the 

conventional body of knowledge spurs. Without an acceptable way of accounting for these new 

facts, the normal science will begin appearing inadequate until it no longer holds the position 

of majority reliance. A scientific revolution, a paradigm shift within the research field, has taken 

place. 

 

2.2 Technological paradigm shifts 

Adjacent to the assumptions in Kuhn’s work rests a research field regarding paradigmatic shifts 

within other instances. As Kuhn focuses his position towards changes in the scientific realm, 

the research of paradigm shifts within organizational evolution is subject to a vast number of 

affecting factors, were market forces play an important part. With a general focus on the 

technological paradigm shifts, and an especial focus on innovation as the driver of change, a 

Schumpeterian perspective can be discerned. The forces of Schumpeter’s creative destruction 

can be considered a paradigm shift within an economic structure (Schumpeter, 1976). Also 

known as Schumpeter’s gale, a creative destruction is the process of introducing innovative 

solutions which undermine the current product selection by redirecting consumers towards it. 

In a capitalistic market, the creativity associated with the innovation spurs the destruction of 

the demand for the mature product which it replaces. This is an ongoing process which creates 

a redistribution of wealth from the previous market dominant agents towards the innovative 

contender. According to Schumpeter, entrepreneurs contributing with innovative entry are the 

agents which sustain the economic growth in capitalistic markets. If the innovation (or “new 

combination” as Schumpeter puts it) belongs to the technological level and redefines the current 

product paradigm, it could be considered a radical or disruptive innovation leading to a 

technological paradigm shift. In this kind of paradigm, in contrast to Kuhn’s scientific 

revolution, the adherents are not only researchers, but customers. This new product paradigm 

is, before entering diffusion, subject to incremental improvements. If the innovation exhibits 

value in comparison to the conventional product supply, the demand will increase. Value, in 

this sense, could indicate aspects such as technological potential, market acceptance, 

functionality, relative cost advantage, or psychologically perceived advantages (Perez, 2010). 
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The new technology might deliver inferior value in relation to the current product paradigm, 

but the potential of increased value motivates the development within its field. Historically, the 

conventional alternative has gone through the same trajectory of increased demand when it 

merely was a contending paradigm to its successor. The trajectory, often referred to as the “S-

curve” indicates the rate of technological advancement within the paradigm, from disruptive 

innovation to maturity. 

For example, the introduction of the automobile did not immediately create a revolution within 

transportation. The move towards an assembly line production created value applicable to a 

greater audience, democratizing the automobile, which in turn redistributed market share from 

mature transportation solutions.  

 

In modern automotive vehicles, the internal combustion engine can be considered a mature 

technology. It has been subject to incremental improvements and innovations, but the basic 

concept remains. Another technology, which deliver value in the same manner, but works in a 

fundamentally different way, can be viewed as a competing technological paradigm. The 

electric powertrain is one such paradigm in relation to the internal combustion engine 

powertrain. Electric powertrains have been realized in automotive vehicles since the mid-19th 

century which makes the system fundamentally mature. But recent advancements in mainly 

battery technology, and increased demand for sustainable solutions, has led to an increased 

market value for electric vehicles. Technological revolutions depend on small interconnected 

innovations which are related to the same system. These innovations combined enhance the 

performance of the system which can lead to a shift of conventionality (Perez, 2010). 

 

2.2.1 Organizational change 

In times of change, when previous sources of competitive positions deteriorate, and new sources 

of competitive positions emerge, the opportunity for organizational change to be successful are 

often more likely (Levinthal, 1994). To retain a profitable position, organizational change can 

be initiated through processes of learning or processes of adaption. While learning processes 

refer to the development of skills and knowledge, adaption processes are strategic decisions 

based on the organization’s external environment (Levinthal, 1994). Learning is characterized 

by incremental change due to feedback from the environment, where the organization’s desired 

outcome is contrasted towards the actual outcome to determine discrepancies as a basis for 

learning (Levitt & March, 1988). Adaption is somewhat more conscious in its nature due to the 
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active decision-making regarding strategy and structure (Levinthal, 1994). Connecting this 

notion to a paradigm shift, the initiative of organizational change to accommodate the new 

technological environment would be through adaption processes. Organizations which manage 

to survive a radical technological shift could be ones which harbour core capabilities still 

applicable in the new technological environment (Levinthal, 1994). By identifying and utilizing 

these capabilities at an early stage while adapting accordingly could set up the organizational 

change to be successful.  

 

The organizational learning processes also play an important role in such scenario. While 

learning processes are defined as the cumulative development of skills and knowledge, they 

could suffer from the flaw of being too focused on the current technological paradigm. This 

could lead to a so called “competency trap” where alternative technologies or solution 

approaches become neglected through an immense focus on current competencies. This 

contradictory notion, where learning inhibits learning, is a contributing factor to organizational 

inertia, inertia which obstructs timely responses to environmental changes (Cohen & Levinthal, 

1990).  

 

2.2.2 Organizational inertia 

Several factors affect the overall inertia of organizations. The type sprung through learning can 

lead to a situation where a base for knowledge and skills sought after has no anchorage in the 

organization. Acquiring such skills, without a current body of knowledge of the subject, 

requires more effort than acquiring a deeper competence of a body of knowledge present within 

the company. If this knowledge does not exist, neither does any structures to support it such as 

supplier base or quality assurance. Thus, an organization with a competency trap will detect 

knowledge gaps late, as well as face difficulties in closing the gap. Aside from the type sprung 

through learning, inertia can arise from a lack of selection pressure in the market. This notion 

refers to the lack of alternative products or solutions for the products offered by a company. 

According to DiMaggio and Powell (1983, p. 149) a lack of selection pressure can arise from 

different factors such as “interorganizational commitments, elite sponsorship, and government 

support in terms of open-ended contracts, subsidy, tariff barriers and import quotas, or 

favourable tax laws”. These factors contribute to an institutional environment where other 

actors might be inhibited from entering the market to challenge the incumbents. As this leads 

to favourable market positions for incumbents, where these barriers serve as a competitive 
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advantage, the position lacks the incentive for development, which a free market fully exposed 

to porters five forces have (Levinthal, 1994; Porter, 1979). The actors in this environment might 

be less motivated to push disruptive development if it leads to core competencies, fostered 

under the protection of selection barriers, becoming obsolete. The push towards electrification 

within the automotive industry was not initiated by one of the largest manufacturers, but 

through newcomers such as Tesla, vested government interests, and market demand. This 

becomes the largest threat to organizations within industries with substantial barriers of entry; 

new organizations designed specifically to utilize opportunities such as new technological 

paradigms (Hannan & Freeman, 1984). If the incumbents in this situation can’t respond through 

restructuring and strategy realignment quick enough, the new contenders could retain a foothold 

in the industry. Organizational inertia does not only directly depend on the internal structures 

of the organization but is a term relative to the speed of which the external environment changes. 

In general, a small company might theoretically have less inertia than a massive organization 

in the same industry, but given the velocity of environmental change, this responsive edge could 

entail a marginal gain if the environment changes at a tentative pace (Hannan & Freeman, 

1984).  This inertia is referred to by Hannan and Freemen (1984) as structural inertia.  

 

Organizational structure can be divided into mainly three levels; the institutional, the 

managerial, and the technological level (Parsons, 1960). All these are subject to inertia in their 

own domain. The competency trap belongs to the technological level, while managerial inertia 

could imply decision-based development such as strategy development and initiation. 

Institutional inertia however, ties into a broad spectrum of values and culture aspects embedded 

throughout the organizational entity. While changes at the technological level appear in 

incremental steps through learning processes, managerial and institutional inertia are put to the 

test less frequent. Battling institutional inertia could become necessary if it is matter of 

organizational survival (Levinthal, 1994). Scania, as an incumbent in the market, might have to 

address its own internal structural inertia, which can be seen as an antecedent from historical 

strategic decisions (Gresov, et al., 1993). 

 

2.2.3 Core capabilities as core rigidities 

The core capabilities in Scania is one reason to why the company is positioned as an industry 

leader. The core capabilities of an organization can be divided into four dimensions according 

to Leonard-Barton (1992). Not unlike Parsons (1960) idea of levels for organizational change, 
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the dimensions referred to are the skills/knowledge dimension, the technical systems 

dimension, the management systems dimension, and the values dimension. The technical 

dimension consists of excellence in technical and professional skills, as well as a foundation of 

knowledge which products are created through. The capabilities are mainly in the form of 

highly skilled employees who demonstrate exceptional ability in addressing problems within 

their field. The technical systems dimension constitutes the procedures and tools deployed in 

the technical environment. These tools and procedures have been developed by skilful 

employees, and by being available to the rest of the company, they support the organization in 

its daily operations and continuous product development. The management systems dimension 

could incorporate behaviours, incentive systems, educational possibilities and other aspects 

which create an environment beneficial compared to other firms. The values dimension is 

something that is reinforced by corporate leaders and is associated with empowerment on the 

job. Another aspect of the dimension is the basis for the company’s core capabilities. If a 

company is known for their ability to manufacture ICE’s, it will attract professionals within that 

field. They join for the challenges and sensation of belonging. A cultural bias towards the core 

technical competency, connected to their achievements, could therefore be present (Leonard-

Barton, 1992). 

 

Leonard-Barton (1992) emphasizes that having core competencies could hinder development 

within other disciplines. The dimensions mentioned earlier are designed to work well with the 

original product architecture and its adjacent relatives but applying them to a technical situation 

beyond their purpose could have an inhibiting effect. These core capabilities will work as core 

rigidities instead. In the situation where a product paradigm shift takes place, an organization 

must address its own core competencies. These are often deeply embedded and embodied 

within the culture of the company (Leonard-Barton, 1992). Leonard-Barton (1995) addresses 

in a detailed manner how organizations should work to mitigate this competence risk. The 

proposed solution was developed to sustain knowledge flows to create an ongoing scepticism 

against the status quo. The first activity is incorporating individuals across functional barriers 

in problem solving. This it thought to foster creative thinking by including functions not 

primarily associated with the issue. The second activity is to generate internal methodologies 

and tools for implementation. This is a way to create and think in new ways. The third activity, 

formal and informal experimentation, will enable the creation of new core competencies. The 

forth activity is about being open to new technological knowledge from outside of the firm. 
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These activities rest on the ability of managers to foster an environment of learning (Leonard-

Barton, 1995). 

 

2.2.4 Institutional inertia 

Institutional inertia could be considered being closely related to conceptual conservatism as a 

conducive preconception towards a specific inclination regardless of well-grounded 

discreditation. This is a psychologically infused notion with a cognitive tendency to value one’s 

strong-held convictions even when clear evidence indicates otherwise (Nissani, 1994). In an 

organization, which has been built and operated according to a technological paradigm, where 

the main core competencies are found within the technical realm, it is easy to imagine some 

cultural values associated with its core operations. This could be seen as a biotic organization. 

A biotic organization is an entity which has a higher, or additional, purpose than earning a return 

on investment. Such organization does not withdraw from an industry solely based on more 

lucrative investment opportunities but endures even if profits stagnate. As Scania is a 

manufacturing company with a diesel motor-based strategy (Tongur & Engwall, 2014), they do 

not qualify as an instrumental organization where profit maximization is prioritized. This makes 

Scania a company of survival, which are set to endure through periods of hardship. Even though 

this constitutes a basis for a long-lasting technical organization, it also creates a strong bond to 

its operations, something which infer inertia (Levinthal, 1994). This institutionalization could 

in fact aid in some restructuring initiatives, where its purpose is to streamline current operations. 

Since the operation is value infused, changes which serve to increase its efficiency, are viewed 

as concurrent with the overall purpose. The inertia, however, reveals itself when the current 

technological paradigm, which constitute the foundation for the operations, is being challenged. 

Instead of being a purely technical issue of redefining according to a paradigm shift, it becomes 

an issue with political and moral connotations (Hannan & Freeman, 1984). Opposition towards 

such changes are likely to arise, which might not last, but could possibly stall any practical 

change. Tying back to the notion of conceptual conservatism, the process of letting go of 

strongly held beliefs could be similar to the one of grief, where a first response could be 

comparable to denial. Human behavioural response, in the wake of radical change, does not 

have to be more complex than explained through profound conservative impulses (Marris, 

2014). Throughout the steps associated with grief, eventually reaching the point of acceptance, 

an undivided effort can be devoted to the new paradigm. Hasted organizational change, while 

the emotional processes are ongoing, can increase discomfort of change.  Irrational ideas and 
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emotions have shown to be the basis for over 40 percent of intentions to resist during 

organizational change (Bovey & Hede, 2001). During a chaotic reorientation, leadership poses 

as a vital aspect of creating a shared vison which is communicated across the organization to 

transform divergence to a convergent, focused recommitment (Yorks & Marsick, 2000). 

According to Schein (1990), leaders of organizations play an active role in creating, managing, 

and destroying culture. When a cultural inclination is not deemed fit for the strategic intent, 

leaders should be occupied with raising awareness of the threats connected with the old culture 

to bring about a sense of urgency and provide a clear direction with a new set of assumptions. 

Similar to the trajectory of an “S-curve,” the cultural paradigm shift is initiated with a radicality, 

which by gaining adherents, becomes the norm. To do this, the leaders must first overcome 

their own biases to act as an authentic role model for the new cultural paradigm to drive 

engagement. 

 

2.2.5 Engagement 

Regarding engagement on the behalf of employees, a distinction can be made between job 

engagement and organizational engagement. Job engagement consists of behavioral, emotional, 

and cognitive aspects linked to individual role performance. Organizational engagement 

addresses the employee’s role in the organization. Saks (2006) identifies a number of 

antecedents for engagement, and consequences of engagement is identified. The antecedent 

drivers for engagement found is job characteristics, percieved organizational support, percieved 

supervisor support, rewards and recognition, procedural justice, and distributive justice. These 

aspects are seen as affecting job engagement and organizational engagement, which in turn 

affects job satisfaction, organizational commitment, intention to quit, and organizational 

citizenship behavior. According to Markos and Sridevi (2010), employees who feel engaged in 

their work and organization become emotionally attached and subsequently display a high level 

of involvement and rigorouos enthusiasm for the employer’s success. Having engaged 

employees could therefore lift the organization through their willingness to go above and 

beyond their duties.  

 

2.2.6 Buffering capital 

In the situation of slow adaption to a new technological paradigm, an organization could suffer 

operational or financial turbulence. As an incumbent, however, there could be different kinds 
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of capital available to mitigate the immediate effect on the company and thus extend the 

timeframe for recovery. Firstly, there are financial means which can allow an organization to 

prevail for some time before adaption. This gives organizations an edge in survival through 

observation of the market response to products under the new paradigm. If a shift is deemed 

necessary for survival, initiatives could be performed at lower risk. This option is something 

not present in organizations with less financial capital as safety. In those cases, a risk-induced 

head on transition into what seems to be the next technological paradigm could be an early 

necessity to retain a foothold in the industry (Levinthal, 1994). Secondly, a less tangible form 

of capital is social capital. Especially present at institutional organization’s environments, social 

capital is the willingness for stakeholders of a company to adapt their behaviour to alleviate a 

crisis at the company. These stakeholders could be suppliers or customers, whom find value in 

their mutual cooperation, beyond their financial agreement. Within an instrumental 

organization, the relations to one’s suppliers are merely based on direct value which puts their 

agreement instantly up for audit if better alternatives emerge. Social capital can be displayed 

by inter-organizational cooperation through knowledge assistance, payment restructuring, or 

other activities which display a relationship beyond self-seeking purposes (Coleman, 1988).  

Third, customer capital, which is closely related to social capital, constitutes the brand 

attachment and loyalty which some customers might display. With a strong set of core 

customers an organization could, in a minor extent, also be shielded from selection pressures. 

Capital could also be found in employee expertise and institutional capital which might favour 

certain structural reconfigurations (Levinthal, 1991). The impetus to change follows the level 

of the cumulative capital within an organization. If capital is considered low, it could indicate 

an organization’s needs to be responsive to changes in its environment to prevent organizational 

failure. 

 

2.2.7 The actors driving a technological paradigm shift 

For a market to be sustainable there need to be a demand which can be met through a profitable 

supply. The market for electric vehicles has previously been small and fragmented mainly due 

to mass application performance shortcomings. However, there are several dimensions driving 

the demand. As mentioned, the market obviously affects the diffusion of electric vehicles by 

treasuring aspects such as performance, comfort, price, and fuel economy. While the supply 

side, the industry, is concerned with profitability, public image, and industrial leadership. While 

appearing to be a bilateral concern, governmental actions serve as a vital intermediator which 
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affect the two other parties’ conception of electric vehicles as an appealing concept. This actor 

is mainly concerned with aspects such as societal impact, fuel economy, and global 

environment, but its actions affect total cost of ownership (TCO) in a considerable way. By 

offering subsidies based on environmental considerations, granting support aid to scientific 

research within sustainable technologies, supporting infrastructure development, and 

establishing lucrative tax deductions to industry, governmental forces might facilitate the move 

of electric vehicles into diffusion (Chan, 2002). The market could also be drawn towards value 

properties such as sustainability and might therefore tend to select products with less absolute 

performance. This definite synergy constitutes the forces which affect TCO parity while 

government, market, and industry together determine the pace of diffusion. 

 

2.2.8 Vertical and horizontal alignment 

Within the field of Strategic management, there are a couple concepts on the nature of strategic 

fit. Porter (1996) is a strong advocator for the importance of a coherent strategic orientation to 

foster a competitive advantage in a sustainable fashion. The strategic alignment, according to 

Porter (1996), is vital for the implementation phase by configuring systems, processes, and firm 

decisions accordingly. This requires a shared understanding of the strategy at all levels of the 

organization. To uphold one’s competitive ability the organization must foster its ability to 

acquire and take advantage of resources identified as vital for the firm’s competitive vision. 

 

This strategic alignment should be coherent in a vertical and horizontal way. Vertical alignment 

refers to a hierarchical unity from a corporate level, through a business level, to functional level, 

and finally to an intra-functional level (Kathuria, et al., 2007). This is a considerable division 

according to role description where decisions at a corporate level should trickle down and 

provide direction for the day to day operations at the functional levels. However, it fails to 

account for the forces of institutionalization which does not inherently belong to the corporate 

level but permeates the entire organization. As a strategic concept, a framework built upon 

conventional vertical alignment might prove inadequate during a paradigm shift with 

stakeholders holding diverse agendas. 

 

Horizontal alignment is mostly associated with the functional and intra-functional level and 

refers to an integration between departments or supply chain consistency (Kathuria, et al., 

2007). After a vertical strategic alignment, a horizontal alignment from suppliers, through 
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manufacturing, to the customer as well as between sales, purchasing, marketing, logistics, and 

production imply a horizontal alignment. A paradigm shift involves both vertical and horizontal 

alignment in a complicated fashion. A framework, which incorporates factors regardless of 

direction would yield a structure which might imply relationships not inherently assumed.  

 

2.2.9 Identifying important factors 

Surviving a technological paradigm shift has shown to depend on factors found within multiple 

areas connected to organizational change. Tying back to the notion of Parsons (1960) and 

subsequent work by Levinthal (1991, 1994) together with Leonard-Barton (1992, 1995), there 

seems to be a concurrance regarding where  organizational change is initiated and what levels 

affect this change; the technological (skills/knowledge and technical systems), the managerial, 

and the institutional level. A change in one of these domains should be followed up by a 

corresponding adaption in the rest. Proactively adressing a potential technological paradigm 

shift becomes a broad and loosely defined problem. Instead of a focused initiative into each of 

these levels, a holistic view could illuminate how these levels, and their subcategories, form the 

overall structure of the issue. Given this, applying a scientific tool addressing a wide spread of 

factors could provide insight in how these levels interact and form the overall challenge in 

adapting to a paradigm shift. 

 

Attri and Grover (2017a) has looked on a situation resembling the one facing Scania, but has 

payed a focus to the facility layout design stage of a production system life cycle. They approach 

the issue by identifying “Quality enabled factors” of implementing a new production system. 

Their reseach results is a general framework which visualize the different factors and their 

influence on each other. The “quality enabled factors” are assessed against each other by using 

Interpretative structural modelling (ISM) developed by J Warfield (as cited in Attri, et al., 

(2013)). In another article, a similar approach has been taken by Attri and Grover (2017b) while 

looking at the initiation stage of a production initiative. This study has a broader scope, 

considering factors such as product selection, profit analysis, product market etc. This 

framework seems to be applicable to a wide range of factors, without leaving them disconnected 

from each other. By identifying variables which is relevant to the problem, and subsequently 

creating a subordinate relationship between them, let the authors visaulize the interrelationship 

between the factors. This approach allows seemingly different qualitative factors to be assessed 

against each other to determine their influencial relation. By doing so, a structure which 
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visualizes a trickle-down effect can be established. Factors encompassing technical, 

managerial, or institutional significations will therefore relate to each other in an otherwise 

subjective manner. The framework seems to be applied to quality management settings to 

indicate which factors drive overall quality in a specific example. In the case regarding Scania’s 

engine manufacturing facility, factors with institutional characteristics, drawing upon 

litterature, might be found primarily to be highly influential factors. A detailed description of 

the framework can be found in Analytical framework. 

 

2.3 The technological foundation beyond a shift 

Scania produces trucks aimed for heavy-duty applications. During 2016 Scania produced 

73.093 trucks which constitutes 60% of the annual turnover divided into product areas (Scania, 

2017). Even though the company have other product areas such as busses, motors, services, and 

pre-owned vehicles, their trucks are the overall focus of the company. 

 

In the past few years, the automobile industry has displayed a surge in offerings of electric 

vehicles. This trend is slowly entering the truck industry. It is inherently difficult to determine 

the future, what is to come, when, and how, but estimations based on trends and assumptions 

could give a hint of what a future scenario could look like. An article addressing these prospects 

within the light, medium, and heavy-duty truck application by Heid, et al. at McKinsey & 

Company (2017) points towards a couple of driving factors which will determine the pace of 

adoption within the field. Firstly, the total cost of ownership (TCO) for the commercial 

customer, specifically compared to trucks with a common ICE drivetrain, is key factor. There 

are several parameters which affect the TCO such as battery costs, recharging cost (price and 

time), service costs, and hauling efficiency. For a commercial customer, this aspect of the 

vehicle could be of special interest for maximizing profitability. The second factor, in the 

diffusion of electric vehicles in the truck industry, is the technology and infrastructure 

development. Implicitly, a robust and efficient electric powertrain manufactured with 

economies of scale could decrease TCO as well. But the availability of a recharging 

infrastructure will determine the possible use cases in the future. The infrastructure becomes 

more critical for heavy-duty trucks which are often used for longer transports where a privately-

owned recharging station might not be nearby during long hauls. In addition, the current 

timeframe for charging batteries in electric vehicles poses as an issue when operational uptime 

in transportation is considered. The third factor is that of governmental support and subsidies. 
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Such initiatives can accelerate adaption rate through ICE use restrictions within urban areas, 

state owned charging points, or similar (Heid, et al., 2017). 

 

It is important to remember the intent of the actors affecting the electrification adoption rate. 

These actors can be divided into three groups; the market, the industry, and the government. 

The market desires a vehicle for a reasonable price, with competitive fuel economy, sufficient 

performance, comfort, and an image of sustainability. The industry is seeking profits, industrial 

leadership, and brand equity through public image. Governmental institutions are affecting the 

adoption through its visions for societal impact and global environment.  

 

These three spheres have some common ground which constitutes the mutual strive for 

electrification (Chan, 2002). According to the analysis performed by Heid, et al. (2017) at 

McKinsey & Company, the TCO parity between BEV and ICEV trucks will be reached 

differently depending on the vehicle type and use of vehicle. These estimates are divided by 

regions. Long hauls in the range of 500km by heavy-duty trucks, in Europe, have an estimated 

TCO parity somewhere between 2023 and 2031. This, compared to the light duty truck TCO 

parity of 100km hauls in europe, which is estimated to be achieved between 2017-2021, 

highlights the span of TCO parity in the industry. By 2031, all applications are estimated to 

have reached parity for BEV’s in Europe, United States, and China (Heid, et al., 2017). The 

analysis fails to disclose exactly how the estimates have been generated, but it it is less critical 

for the case. The article bundled BEV’s, HEV’s, FCEV’s, and PHEV’s in their analysis of the 

EV adoption. Through a closer look, an assumption regarding the kind of electric vehicle, that 

could constitute a likely contender as an important part of a product offering, could be made. 

To properly analyze a holistic view of the possible technological paradigm shift, an assumption 

of a replacing product is made. As the focus of this thesis is towards the engine machining entity 

at Scania, the corresponding replacing product of the internal combustion engine is the electric 

motor. This entails that the new technological paradigm changes from one mature technology 

to another, atleast within concerned department. An electric motor, which could be a likely 

choice for Scania to mass produce, is selected as the receiving end of the paradigm shift. This 

approach facilitates factors with a technical connotation to be included in the holistic analysis. 
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2.4 Electric motor choice for empirical data acquisition 

Choosing a relevant type of electric motor is based on the powertrain topology, the evaluations 

in the literature, but also grounded in the business model associated with Scania. A closer look 

on the technical aspects of an electric powertrain is found in Attachment 1. 

From the business model dilemma identified by Tongur and Engwall (2014), the manufacturers 

of common diesel motor-centered trucks will face a radical business model decision when 

electric propulsion solutions enters diffusion. These authors argue whether manufacturers such 

as Scania (and Volvo) will adopt a strategy of technological innovation or a strategy of 

servitization. The current depolyed strategy, which is diesel motor centered, derives a great part 

of its value proposition from diesel motor aspects such as engine power, energy efficiency, and 

reliability. Most of these are connected to the technological core competency which has evolved 

through continous improvements of that technology (Tongur & Engwall, 2014). Considered 

industry leaders, Scania as well as Volvo, are considered to be premium brands within the 

industry. Drivability and prestige are two heavily influencial value propositions which puts cost 

sensitivity in second hand. As of now, the ICE manufacturing core competency sets these 

brands apart from a lot of actors in the industry. If electric motors become the prime source for 

propulsion, a vital distinctiveness from competitors will be lost. 

 

Evaluations performed by Xue et. al. (2009) and Zeraoulia et. al. (2006) regarding electric 

motor performance takes into account aspects such as power density, efficiency, controllability, 

reliability, technological maturity, weight, and cost in their comparative analysis. Both stuides 

indicate a type called induction motors and permanent magnet motors as strong contestants for 

EV applications. Connecting these results to the business model of Scania, should imply to a 

high focus on efficiency and power density, and less focus on the cost aspect. A permanent 

magnet motor, in its state of the art configuration, has a higher efficiency than induction motors, 

but permanent magnet motors have rare earth elements which drives up price and makes the 

scarcity of resources a legitimate issue (Zeraoulia, et al., 2006; Takano, et al., 2010). Drawing 

upon the current business model for the truck manufacturer, which addresses a premium product 

segment, the selection, as a basis for the empirical data acquisition, falls on a permanent magnet 

motor as a basis for this research (Tongur & Engwall, 2014). The performance aspects such as 

power density, efficiency, and reliability, which are its motor characteristics, are also properties 

of a high-end product (Santiago, et al., 2012). For consistency connected to the company, the 

electric motor today used in one of Scania’s hybrid vehicles will constitute the basis for the 
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upcoming work. It is a high voltage brushless hairpin permanent magnet motor equal to those 

used in the Scania hybrid distribution truck G 320 b6x2*4NB (Scania, 2017). This selection, 

which aims to align with current strategy, has not been confirmed or denied by Scania, but is 

merely an estimation of a reasonable choice for consistency. 

 

Due to competitive and business secrecy reasons, it is an arduous task to obtain a detailed 

production process schematic for the proposed motor. In cooperation with internal sources 

however, a holistic overview of the main activities of the complete production process has been 

conceptualized, and further revised in collaboration with electric motor experts. The motor can 

be manufactured using a variation of process techniques. Pinpointing the exact course of action 

for Scania DM in manufacturing is therefore very arbitrary at this current stage. The preciseness 

of the manufacturing process is not vital to the ongoing work, and thus are the prepared 

schematics mainly used for guiding the respondents during the empirical data acquisition. The 

proposed manufacturing process is mapped and shown in Attachment A2. 
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3 Analytical framework 

The framework utilized in Attri and Grover (2017a, 2017b) will be deployed as the analytical 

framework to the case. By encompassing a broad spectrum of factors, the framework facilitates 

the development of a holistic apprehension which could yield insights regarding the nature of 

the final structure. The method, Interpretative Structural Modelling, is described below.  

 

3.1 Interpretative structural modelling 

Interpretative structural modelling was first developed by John N. Warfield (1974) for merging 

two sets of diagraphs. The model however has proved useful in other instances where 

qualitative factors could be arranged into a structure of dependency. When visualizing the 

interrelationship of issues related to a problem, a strategic action plan can be developed through 

understanding which factors drive overall quality assurance in addressing the problem. The 

model works through several steps: (1) Identifying the factors of the overall problem, (2) 

establishing a pair-wise hypothetical relationship between factors, (3) visualizing the 

relationship through a structural self-interaction matrix (SSIM), (4) establishing a reachability 

matrix based on the SSIM, (5) divide the factors in the reachability matrix into levels of 

partitions, (6) visualize the relationship structure in a diagraph, (7) transform the nodes into the 

original factors, and (8) compose a conical matrix from the reachability matrix (Attri, et al., 

2013). Figure 1 illustrates the approach. 

 

 

FIGURE 1: ISM APPROACH 
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3.1.1 Identifying the factors of the overall problem 

The first step consists of identification of possible factors of the problem. This can be 

approached by doing a literature study on the specific problem and through interviews, 

brainstorming, surveys, or conducting focus groups with experts and professionals within 

industry and academia with extensive knowledge within the subject. In this thesis, 

brainstorming based interviews are utilized. The detected factors should be as well defined as 

possible to ease the establishment of the relationship in between them. The definition of the 

factors must be frozen before proceeding to the next step. Any changes later could compromise 

the validity of the interrelationships (Watson, 1978). A factor in the current case could be 

“employee engagement”, a factor which infers the effect of employees’ disposition and 

willingness to accommodate change during a technological paradigm shift. 

 

3.1.2 Establishing a pair-wise hypothetical relationship between factors 

The initial relationships regarding how the factors influence each other are constructed by input 

from the earlier involved experts. The direction of the contextual relationship between two 

factors (i and j) is estimated. An influential relation from i to j is indicated by FR (forward 

relationship which means that i affects j), a reversed influential relation (from j to i) is indicated 

by BR (backward relationship which means that i is affected by j), a two-way influence relation 

is indicated by CR (cross relationship which means that both factors affect each other), and NO 

is used where there is no influential relation between the factors (Attri & Grover, 2015). The 

sign [-] is used where the respondent doesn’t know and refrains from answering. The majority 

view, after all experts have been consulted, will determine the final relationship between the 

factors. The respondents are in total an even number of 6, which means there can be a tie in the 

opinions. This is settled by acknowledging the tie as an existing relationship.  

 

3.1.3 Visualizing the relationship through SSIM 

After consideration of all possible combinations of factors has been performed, the relations 

could be visualized in a SSIM. Since the abbreviation designation considers the bilateral 

relationship, only half of the table require a designation. Table 1 shows an example of such 
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matrix. From the table, one can interpret, for example, that factor 4 affects factor 6, but factors 

6 does not affect factor 4. 

 

TABLE 1: EXAMPLE OF STRUCTURAL SELF-INTERACTION MATRIX 

 

3.1.4 Establishing a reachability matrix based on SSIM 

The SSIM is translated into a reachability matrix with binary designation. The rules of this 

transition are shown in Table 2. Number 1 indicates a relationship, whilst 0 indicates no 

relationship. 

 

TABLE 2: RULES FOR TRANSITION FROM SSIM TO RM 

(i, j) relation in SSIM (i, j) designation in RM (j, i) designation in RM 

FR 1 0 

BR 0 1 

CR 1 1 

NO 0 0 

 

From the SSIM used in this example, we arrive at the reachability matrix shown in Table 3. 

 

TABLE 3: REACHABILITY MATRIX 

 

 

SSIM F7 F6 F5 F4 F3 F2 F1

F1 FR NO FR NO FR CR

F2 NO BR FR NO FR

F3 NO BR BR BR

F4 FR FR NO

F5 FR FR

F6 BR

F7

RM F7 F6 F5 F4 F3 F2 F1

F1 1 0 1 0 1 1 1

F2 0 0 1 0 1 1 0

F3 0 0 0 0 1 0 0

F4 1 1 0 1 1 0 0

F5 1 1 1 0 1 0 0

F6 0 1 0 0 1 1 0

F7 1 1 0 0 0 0 0
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3.1.5 Level partition from reachability matrix 

By partitioning levels to the reachability matrix, the factors can be divided into subsets. The 

first level is assigned to the factor(s) which has the lowest number in the Reachability set, 

meaning the lowest number of factors which it influences. In Table 4Table 4, factor F3 has one 

factor in the reachability set which it affects; none but itself. It is assigned level I.  

 

TABLE 4: FIRST ITERATION AFTER REACHABILITY MATRIX 

 

As the factors get assigned their levels, they could be removed from the iteration table to allow 

visualization of the remaining reachability sets. With factor F3 assigned and removed (see Table 

5), the factor with the lowest number in the reachability set is F2, F6, and F7. They are all 

assigned level II. If two or more factors exhibit the same number in the reachability set, they 

are assigned the same level. 

 

TABLE 5: SECOND ITERATION OF REACHABILITY MATRIX 

 

These iterations are continued until all factors have an assigned level and the reachability matrix 

is empty. 

 

3.1.6 VI: Drawing the diagraph 

From the RM iterations (all not displayed above), the diagraph is now easily visualized. The 

diagraph consists of nodes and the links between them. The lowest level factors are placed at 

Factors F1 F2 F3 F4 F5 F6 F7 Level

F1 1 1 1 0 1 0 1

F2 0 1 1 0 1 0 0

F3 0 0 1 0 0 0 0 I

F4 0 0 1 1 0 1 1

F5 0 0 1 0 1 1 1

F6 0 1 1 0 0 1 0

F7 0 0 0 0 0 1 1

Factors F1 F2 F3 F4 F5 F6 F7 Level

F1 1 1 0 1 0 1

F2 0 1 0 1 0 0 II

F3

F4 0 0 1 0 1 1

F5 0 0 0 1 1 1

F6 0 1 0 0 1 0 II

F7 0 0 0 0 1 1 II



 

32 

 

the top of the diagraph. Subsequently, the next level in the order is placed underneath it in a 

descending order. See Figure 2 for the diagraph based on the example. Arrows indicate the main 

direction of influence. Factors in the same level have direct influence arrows to each other. 

 

FIGURE 2: DIAGRAPH FROM CONICAL MATRIX 

 

3.1.7 Transforming nodes into factors 

By replacing the node designation with the original factor, the diagraph will show the ISM’s 

final form. The ISM diagraph shows how F1 influences all of the above factors. Addressing F1 

in some fashion will ultimately affect the other factors too, while working on F3 might not 

affect F1. Illuminating the structure within an issue with this method can aid in conceptualizing, 

or prioritizing, strategic actions to be able to deploy efforts towards specific factors. With this 

systematic approach there is no need for respondents to understand the underlying process. The 

method can address seemingly complex issues in an efficient fashion (Attri, et al., 2013).  

 

3.1.8 Conical matrix 

In the Conical matrix, Dependence power and the Drive power of the factors are computed. The 

Dependence power is derived by adding the values of each factor’s columns, and the Drive 

power is derived by adding the values of each factor’s row. The factors are subsequently sorted 

on these numerical values1. See Table 6 for conical matrix of the used example. With this 

                                                 

1 Note: The values do not necessarily follow the assigned levels. 
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information, the factors can be sorted into a graph highlighting the characteristics of the factors. 

The initial graph is shown in Figure 3. It is divided into four squares which represent the 

dominant aspects of a factor. 

 

TABLE 6: CONICAL MATRIX 

 

 

 

 

FIGURE 3: VISUALIZATION OF DRIVING AND DEPENDENCE POWER GRAPH 

 

Inserting the factor abbreviation into Figure 3 will display the characteristics of the factors. This 

could aid in prioritizing where efforts should be concentrated in approaching the technological 

paradigm shift.  

Conical matrix F7 F6 F5 F4 F3 F2 F1 Drive power Rank

F3 0 0 0 0 1 0 0 2 IV

F2 0 0 1 0 1 1 0 2 IV

F7 1 1 0 0 0 0 0 2 IV

F6 0 1 0 0 1 1 0 3 III

F4 1 1 0 1 1 0 0 4 II

F5 1 1 1 0 1 0 0 4 II

F1 1 0 1 0 1 1 1 5 I

Dependence power 4 4 3 2 5 4 1

Rank II II III IV I II V

Driving power

14
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12

11
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8
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4 Method 

As the research question involves a broad scope of possible factors, there could be an issue of 

gathering a wide set of factors by some methods. Distributing a survey for example could limit 

the respondents´ answers to the context of their own expertise. This could lead to responses 

without an overlapping scope, and possibly lack the holistic view sought. By engaging in a 

discussion, to guide the respondent into different areas of consideration, a chance is given to 

the respondent to venture out into contexts not inherently considered. Therefore, to bring a 

holistic view of the issue, a qualitative approach is chosen as the basis for this study. By 

engaging in brainstorming-based discussions, which would inevitably be classified as a 

qualitative approach, the entire study is set to be classified accordingly. A method which can 

make sense of qualitative data, and subsequently process it in a binary fashion for relational 

establishment, is the prerequisite for the intended study.  

 

The method of the thesis is based on the procedure for Interpretative Structural Modelling. This 

model generates, through the definition of factors, a structure which indicates substantial 

relations between factors. The model proved to be sufficient in addressing the issue in a broad 

context incorporating abstract and objective aspects in a holistic context. This model served the 

purpose of the thesis well since the research question aimed to unravel issues and factors which 

can inhibit a smooth transition during a technological paradigm shift within the heavy-duty 

truck powertrain. The interrelationship between the factors are of special interest since they are 

related in practice. Addressing a factor without taking into consideration their influence on each 

other might only highlight its immediate effect on the main issue. 

 

A general prerequisite for a factor is that it can exist in a satisfactory and dissatisfactory way. 

An example of this is for example “estimation of demand.” The estimation of demand could 

inherently be difficult to specify, especially when it regards a new product. Given the effort, 

method, and expertise utilized however, the estimation could be of higher quality. The study is 

thought of being qualitative in nature resulting in presumed interrelations among factors which 

can be analyzed and synthesized in accordance with current literature on the topic of 

technological paradigm shifts. The study seeks to elucidate the overall structure of affecting 

factors for a paradigmatic transition within a production entity. 
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Interpretative Structural modelling consists of a methodology which seemed to fit the case and 

address the research question in a coherent way. However, alternative methods could have been 

just as appropriate and generate a result not in tune with the results achieved. This entails that 

the raw data has been molded through the process of ISM and that the end result is in a way 

affected by the chosen method. This consideration is present in most research methods and their 

inclination is in itself a contribution for addressing similar topics with various approaches.  

 

4.1 Data type 

The empirical data consists of expert opinions regarding the relational structure of issues 

adhering to the initiation of an electric motor production. A qualitative method was deployed 

to make sense of the circumstances regarding the research question. This was done to raise 

awareness of factors which could possibly affect the success of a radical production shift. All 

the identified elements were grouped into qualitative “Ability factors” which served as the basis 

for the second phase of the empirical data collection. The logic behind the factor grouping was 

to make the case easier to manage. The second phase of the empirical data acquisition gathered 

binary data about whether a relationship between factors existed or not. 

 

4.2 Sampling techniques – Purposive sampling: Expert sampling 

The study deploys a purposive sampling method. The participants were chosen to represent 

several dimensions of the specific case. The fields of expertise covered by the participants were 

electric machines, production systems and processes, and organization, where the participants 

were expected to be able to identify issues on the technological, managerial, and institutional 

level. A total of six participants took part in the study, two within each of the mentioned areas. 

Due to the difficulty in identifying suitable participants, the sample size was confined to six 

participants. The aim was to have an equal number of respondents within each group of 

expertise. Further, to contribute with thought patterns and perspectives varying from the ones 

fostered through Scania’s culture, half of the respondents represented academic institutions.  

 

4.3 Brainstorming and interviews 

This expert sampling method were conducted through brainstorming/semi-structured interview 

sessions. This approach was chosen over a survey to ensure the participants´ understanding of 
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the issue and commitment to the activity. Performing a focus group could have sparked 

formations of ideas and concepts between participants, but also lead to a limited perspective of 

the issue. The perceived difficulty in gathering all otherwise occupied participants in the same 

session contributed to the reasoning in deploying individual brainstorming interview sessions.  

The initial interview was performed with the intention of letting the respondent freely think 

about aspects which affect an implementation of an electric motor production given the current 

circumstances. The role of the moderator was to guide the interviewee into different areas of 

concerns to uncap their arc of thoughts for the issue.  By trying to define the emerging thoughts 

into more readily understandable factors, which seemed to be relevant to the issue, a set of 

initial factors could be established. These were derived in dialogue with the current participant 

to ensure the correct distinction. By discussing each surfaced idea in this manner, with the 

participant ensuring the common understanding, and the interviewer verifying the relevance to 

the overall case, the initial thoughts was contextualized into initial factors. Limiting, sometimes 

abstract thinking, into readily understandable concepts, which is considered to possibly have an 

influential impact in the context, was a process carried out as a discussion during the interview 

session.  

 

4.4 Brainstorming interview empirical data processing 

After performing the initial interview with all participants, an array of factors was identified 

where several were estimated to have closely related distinctions. This, together with an 

assessment of the forthcoming duration of the selected analytical framework, where the number 

of factors which constituted a reasonable timeframe was estimated to be 15 factors, led to the 

decision to merge factors in close relation. This created broader factors with a clearer 

connection to the overall issue in instances where factors were hard to separate. These mergers 

were considered feasible if a broader factor could incorporate several initial factors without 

becoming too broad. This tradeoff was performed by the researcher after the initial 

brainstorming sessions. All initial factors were included in the incorporations, and their initial 

meaning showed through the final enclosing ability factor. The set factors were then locked 

with their current definition and were onwards referred to as ability factors. This part of the 

method resulted in a considerable input from the researcher. Depending on time constraints, 

this could probably be performed in the audience of the respondents to truly ensure the 

incorporation of the initial factors.  
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After merging and defining the final ability factors, an interview regarding the interrelation 

between the factors were carried out. The second round of interviews were structured more like 

a survey, but with the moderator noting the answers. The respondents were asked to consider 

whether there was an influential relationship between the different factors. The answers 

constitute a binary choice. When all interview sessions had been performed, an average was 

obtained which was used as the relationship verdict. 

 

4.5 Philosophical paradigm and bias 

As the participants of the study actively take part in describing the reality seen from their point 

of view, through the lenses of their reality, the philosophical paradigm of the study leans 

towards constructivism (Krauss, 2005). The participants are asked to construct their 

understanding of the factors’ interrelations. Conflicting opinions could arise while experts 

differ in their opinions of the inter-relational structure developed. Even though each expert was 

given the same definition of the factors there is always room for minor individual 

interpretations. The factors’ definition was explained in writing before the second interview, as 

well as verbally. Even though the definition is explained, there is always a margin for individual 

interpretation. The way the respondents consider an issue will differ between them as well as 

between the observer. Their perception of reality can’t be fully understood. This have left some 

room for personal interpretation from the researcher’s idea of reality, to the respondents’ idea 

of reality, and later back to the researcher. By using a majority voting system, for assuming the 

relation between factors, this minor individual interpretation was marginalized, and the main 

perception was given precedence. 

 

The ability factors were defined by the researcher after the initial factor identification session. 

Grouping, and eliminating factors which were considered outside of the case study scope, might 

have left the circumstances of the factors in need of explanation for the respondents of the study. 

Due to time constraints, it was not possible to address all identified factors without grouping 

them. The factors were grouped into broader themes which constitutes the final ability factors.  

During the second interview, which were more of a survey with the researcher guiding the 

respondent, the presence of the researcher could have affected the results in a minor way. Small 

things, such as body language adhering to confirmation bias, could affect the respondent. After 

the interview, a question was asked to probe the possibility of affecting the respondents, which 

gave a negative answer in all instances.   
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4.6 Validity 

Given the researcher’s interpretation of results, mainly from the initial interview, the validity 

could be considered reduced. However, interpreting results in a qualitative study are often 

subject to these considerations. The aim of the study is not to provide a clear answer, but to 

elucidate how these relationships could exist and influence the larger context.  But adhering to 

the method presented, and selection of respondents, there should be little deviation from the 

raw data gathered. Further, drawing upon Flyvbjerg (2006), case studies are often considered 

to contain a bias towards verification while the opposite might be closer to the truth. Flyvbjerg 

agrues that verification bias is a legitimate concern in research, but in no way confined, or 

particularly eminent, in a case study. In a quantitative study, the approach of defining variables 

and categories by which the study will be conducted through might be a greater source of 

verification bias since these are the inevitable lens which the study will be viewed and reviewed 

through. This possible subjectivism could go unnoticed as it lies in a domain not directly 

considered swayed by bias. Together with a structured comminucation approach, such as 

paperbased questionaires, where the respondent is forced to mold her response analogous to the 

acquis set through the framing of the questions, the quantitative study could suffer its own share 

of drawbacks rarely highlighted (Flyvbjerg, 2006). 

 

The justification of using a research method by pointing out that other methods have a similar 

drawback does not make it any more legitimate though. This study does not approach the issue 

with a hypothesis stating a theoretical implication, but simply by exploring the possibility of 

there being an issue tree spanning across several dimensions of the organization, vertically and 

horizontally. This postulation is entirely set by the respondents in their argumentation for an 

interrelational conviction. It is important to note that even though the analysis borders towards 

how a quantitative study is performed, it is still a qualitative study. The exact definition, readily 

available in a self-fulfilling number, is not present in the study. The factors have been 

concretized based on the assumptions made by the interviewees and bears no other fundamental 

validity than the insurance of the consulted experts. The final direct result does not serve a 

higher purpose (from a scientific point of view) than to yield a result which can, at best, probe 

into an unchartered territory within organizational change. The findings, regardless of possible 

controversial results, should not be considered truth in any larger extent without subsequent 

studies aimed at proving or disproving them.  



 

39 

 

5 Empirical findings and first level analysis 

The initial brainstorming session helped identify an array of possible factors. The different 

concepts, suggested by the respondents, spanned a wide spectrum indicating the broad 

perspective desired. During the initial session for each participant, which lasted about an hour, 

several dimensions of the issue was treated. Bringing the results from the previous sessions into 

the next helped spur discussions around less pondered topics. This helped enhance the 

foundation of each subsequent session with the next subject matter expert.  

5.1 Empirical findings: Interview I 

The factors identified during the initial brainstorming session, together with the resulting factor, 

are shown in Table 7. In all, 34 possible factors or concepts were identified during the initial 

interview round. Several participants identified the same factors, which is not indicated in the 

table. Each brainstorming session resulted in a series of concepts which was thought to be 

relevant to the subject. From the first interview, the respondent, an employee at Scania with 

deep knowledge of electric machines, came up with 13 different possible factors which initially 

seemed to fit the case and act as influential concepts. These concepts were: 

• Product flexibility: The ability to adapt the type of electric motor manufactured in the 

production line to fit several different use cases. 

• Space: How much available space there is to implement a production line with a 

capacity which will grow exponentially throughout an increased market adoption rate. 

• Quality understanding: The establishment of protocols which define what areas of the 

production is vital to the overall quality of the product. 

• Quality assurance methodology: The establishment of protocols which define how 

quality is safeguarded by defining how quality control should be performed during 

ongoing production. 

• Volume flexibility: Related to “Space”, the ability of the production line to expand its 

capacity to meet an increased demand in the future. 

• Material availability: A permanent magnet motor often contains rare earth minerals. 

The scarcity of some of these could be an issue if demand increases or supply decreases 

due to shortages or political regulations. 

• Material separation management: The need to continually separate raw materials in 

the production environment to reduce the risk of contamination which could 

compromise the performance and quality of the finished product. 
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• Competence gap: The need for all personnel involved in the venture to get a firm 

understanding of how electric motors are manufactured in contrast to the current internal 

combustion engines. 

• Project priority: The level of resources committed from management to realize a 

production line for electric motors. 

• Method procedure: The development of rigid methodologies both during project phase 

and commissioning to assure the continuous even quality and reduce the risk of human 

error. 

• Supplier availability/capacity: As some materials in an electric motor could be in high 

demand while having low supply in the market, there is a need to secure a supplier 

which can deliver above internal demand to be able to control any bottlenecks internally.  

• Technological changes: If the product architecture is subject to disruptive innovation, 

it could be beneficial to have a internal flexibility which allows some sort of flexibility 

which allows alterations of the product with minor alterations in the production line. 

 

The brainstorming session with the second respondent, a representative within academia with 

deep knowledge in electric machines, resulted in ten identified possible concepts. As some 

concepts where the assessed to be identical from previous interviews, they do not get an 

additional explanation here. See previous explanation from the respondent who first identified 

the concept. The concepts from the second respondent were: 

• Site requirements: Apart from the need of available space, there is a need to ensure 

that the location can facilitate infrastructure in a way beneficial to an electric motor 

production such as temperature control, power supply, and possibly pressurized gas 

depending on the type of machine produced. 

• Changeability: The ability to change parameters of the certain electric motor produced 

to create flexibility for future versions. 

• Packaging requirements/material management: As magnetic components are often 

part of an electric motor, magnetic forces can create difficult handling situations, there 

need to be rigid packaging methods developed to eliminate the risk of damage during 

handling. 

• Material availability 

• Quality understanding 

• Quality assurance methodology 
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• Space 

• Technological changes 

• Supplier capacity 

 

From the third respondent, a Scania employee with deep knowledge of production systems, 

eleven concepts were identified: 

• Processing requirements: To understand the different processes utilized in 

manufacturing a new product, there is a need to understand the requirements related to 

each process. This knowledge can be implicit in nature and possibly generated through 

experience. This kind of knowledge has not been generated and is thus part of a 

competence gap for the new venture. 

• Production capacity: Determining the output capacity of an initial production line will 

affect the supply Scania can achieve therefore future use cases and investments.  

• Production expansion ability: The ability to expand the production system to increase 

the output. This has to do with the production layout as well as properties of the 

production line location. 

• Demand estimation: The ability to estimate future popular demand is key in initially 

dimensioning the production line. 

• Demand fluctuations: Being able to understand and forecast demand fluctuations will 

contribute to the assessment of the prospected scale of the production line. 

• Demand from management: The level of belief and confidence from upper 

management on that electrification will be a vital part of Scania´s product portfolio in 

the future and thus prioritize the project with resources and timely execution. 

• Thorough documentation for work instructions: Supporting commissioning and 

continuous operations by creating clear quality assured work instructions for employees 

supervising the production. 

• Material management 

• Space 

• Competence gap 

• Quality understanding 
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The fourth brainstorming session respondent, a representative from academia with extensive 

knowledge of production systems and processes, identified eight different possible concepts 

which could be part of the final factors for further analysis. These were: 

• Extensive risk prognosis: New risks, which are not identified through previous 

experience, could cause unexpected situations. A heavy focus on a thorough risk 

analysis might mitigate this. 

• Utilization of external resources: Scania is part of Volkswagen Group. This structure 

could be utilized by tapping into important insights within the overarching organization 

and its subunits. This could imply that there is knowledge to be utilized within other 

companies which does not stand in direct competition to Scania. 

• Production capacity 

• Production expansion ability 

• Demand estimation 

• Quality assurance methodology 

• Method procedure 

• Processing requirements 

 

The fifth respondent, a Scania resource with extensive experience of management and 

organization within a production environment, identified 13 concepts which could result in 

possible factors. These were the following: 

• Utilization of internal resources: As several resources at the overall company might 

be harboring proficiency, knowledge, or project initiatives relating to electrification, it 

could be of benefit to centralize and combine efforts to jointly contribute towards a 

common goal. 

• Employee engagement: Employee engagement for a move towards electrification of 

the drivetrain can affect the willingness of employees to learn. If employees do not 

believe in the transition, their invested efforts in the project could be affected. 

• Employee values: A move towards electrification could be affected by culture and 

values within the company. As such disruptive change in the drivetrain would affect 

areas of Scania’s core competence, it could be a factor of importance. 

• Mapping new supplier base: Building a new supplier base involves a rigorous process 

involving aspects such as assuring quality. The thoroughness of this process affects 

Scania’s final products. 
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• Support from management: The level of support for the project will affect the 

resources dedicated to the project and possibly the engagement from employees. 

• Production capacity 

• Space 

• Demand estimation 

• Method procedure 

• Extensive risk prognosis 

• Quality understanding 

• Competence gap 

• Utilization of external resources 

 

The last brainstorming session, with the sixth respondent, resulted in eight different concepts. 

The respondent was a representative from academia with extensive knowledge of management 

in the automotive sector. The concepts identified were: 

• Cooperation between internal departments: Connecting to other internal 

departments which might be looking into electrification. Joining forces could enhance 

the end result. 

• Priority for project: Depending of how prioritized the project is for upper 

management, it can be dedicated resources to ensure delivery within a set timeframe. If 

the project has low priority, it could have to make do with resources available. 

• Unconsciousness about experience gap: As production of electric motors would be a 

new experience for the employees, there might be a risk of not possessing tacit 

knowledge which is built through experience. As this knowledge can give an employee 

an understanding for risks, for example, it constitutes a risk on a perhaps a meta level. 

• Quality understanding 

• Employee engagement 

• Support from management 

• Method procedure 

• Product flexibility 

 

As these in total 34 possible factors seemed to be able to be clustered into groups of similar 

themes, an opportunity to reduce complexity going forward seemed possible. To reduce the 

complexity of the following analysis, as well as to cluster factors with seemingly identical 
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meanings, a reduction by merging factors was done for several of them. The reduction was 

performed by the researcher where the initial factor has been included in a broader final factor. 

In “ 

Factor definition” which follows, there is a description of the final factors which incorporates 

the initial ones.  

 

The three factors regarding upstream supply chain, mapping new supplier base, supplier 

availability, and supplier capacity, were merged to “Supplier relations” since they all addressed 

considerations regarding suppliers. Material management, packing requirements, and material 

separation management, were merged into the factor “Material management” due to their 

relation to the topic. Space and site requirements were merged to the factor “Available space” 

due to the very similar nature of requirements for a production facility. Volume flexibility, 

production expansion ability, and production capacity were together merged to “Scalability” 

since they all relate to the ability to increase or decrease the possible output in production. 

Relating to the ability to alter the product given the production parameters, the initial factors of 

product flexibility, technological changes, and, changeability were merged into “Product 

flexibility.” Extensive risk prognosis was renamed to “Risk management” to be recognized in 

a more common way. The factors utilization of internal resources, cooperation between 

internal departments, and internal politics were merged into “internal relations” as they all 

relate to internal social interactions. Demand fluctuations and estimation of demand are both 

related to the external demand and the ability of capturing this and are therefore collected in the 

common factor “Demand estimation.” The initial factors of support from management, priority 

for project, and demand from management, which all relate to the opinions and perception of 

upper management, are gathered under the factor “Management endorsement.” Four of the 

initial possible factors, method procedure, thorough documentation for work instruction, 

quality assurance methodology, and quality understanding, relate to the methodology used in 

relation to the project. These are all incorporated in the final factor of “Appropriate 

methodology.” Even though it becomes a quite broad factor, its underlying components are all 

related to it, and further segmentation were considered abundant. Having a factor, solely 

regarding quality for example, could become strange since all factors are dependent on their 

own quality in a way. This could lead to the examination of the “quality´s quality” when looking 

closer at what can be done to improve the factor and its influence on the entire topic. The quality 

aspect in infused in every factor, and therefore not its own domain. 
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Further, Employee engagement and employee values are merged into the final ability factor of 

“Employee engagement.” As employee values are in some way affecting employee engagement, 

they are seemingly enough related to be merged together. The last final factor “Competence 

renewal” is a result of incorporating the initial factors of competence gap, unconsciousness 

about experience gap, and processing requirements. These reductions were all done to create a 

more manageable number of factors and to incorporate seemingly identical factors into one. As 

can be seen in Table 7, all final factors were given a code to ease the data processing and 

visualization of the process. These are later switched back to show the final structure without 

coding. 
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TABLE 7: FACTORS RELATED TO ISSUE 

Possible factors Final Ability factor Factor coding 

Mapping new supplier base 

Supplier relations F1 Supplier availability 

Supplier capacity 

Material management 

Material management F2 Packaging requirements 

Material separation management 

Material availability Material availability F3 

Space 
Available space F4 

Site requirements 

Volume flexibility 

Scalability F5 Production expansion ability 

Production capacity 

Product flexibility 

Product flexibility F6 Technological changes 

Changeability 

Extensive risk prognosis Risk management F7 

Utilization of external resources External resource utilization F8 

Utilization of internal resources 

Internal relations F9 Cooperation between internal departments 

Internal politics 

Demand fluctuations 
Demand estimation F10 

Estimation of demand 

Support from management 

Management endorsement F11 Priority for project 

Demand from management 

Method procedure 

Appropriate methodology F12 
Thorough documentation for work instruction 

Quality assurance methodology 

Quality understanding 

Employee engagement 
Employee engagement F13 

Employee values 

Competence gap 

Competence renewal F14 Unconsciousness about experience gap 

Processing requirements 
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5.2 Factor definition 

The 14 factors established are all described in this section. This definition was provided to the 

respondents prior to and during the second interview, which was their first time familiarizing 

themselves with the final ability factors. As the factors are defined in a qualitative manner, there 

are surely different ways of describing them. Each factor allows some room for individual 

interpretation. This allows each interviewee to approach the factor from their own experience 

and point of view to identify a relation according to their own beliefs. Since the final result is 

an aggregation of all considerations, the main view will be featured. The alternative, to define 

the factors thoroughly, would disallow most external interpretations. This requires a highly 

thorough initiative to consolidate the factors in a way relatable to more than one participant. As 

they are subject matter experts within different domains, some of these thoroughly defined 

factors could become defined to a degree where only the initial identifier would see the 

relevance to the issue.  

 

5.2.1 Supplier relations 

A broad factor which includes aspects such as mapping new supplier base, suppliers’ capacity, 

and availability. Since several of the production processes of the electric machine is not 

performed today there is a new need for suppliers of machinery which can perform the needed 

processes. Without prior experience of these suppliers, identification of them might be difficult. 

Combined with this, the requested quality and actual precision of the supplier’s products is 

previously unknown. The rise in electrification efforts within automotive companies could 

create a strong demand for machinery such as those for electric motor production. Availability 

and/or capacity to deliver might therefore be limited which constitutes a major part of this 

factor. 

 

5.2.2 Material handling management 

The factor regards the internal handling of new materials present in the electric motor. There 

can be certain regulations in handling chemicals, and certain environments which the material 

should not be exposed to. This knowledge should be passed on to everyone who is in direct 

contact to the new materials, and appropriate methods for handling should be developed and 

adhered to. 
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5.2.3 Material availability 

A permanent magnet motor often contains rare earth minerals. The scarcity of some of these 

could be an issue if demand increases or supply decreases due to shortages or political 

regulations. Material availability could also span towards more commonly available materials 

if the affected supplier fails in delivering the material when needed. 

 

5.2.4 Space 

The physical requirements for a production site. The factor is mainly referring to the square 

meters available for commencing a production, but also the building requirements derived from 

the production processes’ requirements. If a process requires a vibration free environment, this 

could put some limitations of proposed sites. 

 

5.2.5 Scalability 

The ability to scale up the production to increase output without excessive reengineering. The 

factor could have a strong correlation to available space. This factor includes production 

capacity issues and volume flexibility. 

 

5.2.6 Product flexibility 

To be able to satisfy several needs within the organization regarding electric motors, the 

production line could possess the flexibility of allowing different configurations of the product. 

The level of product flexibility could serve as a risk mitigation approach. 

 

5.2.7 Risk management 

Entering into production of a product which has few resemblances to the internal combustion 

engine could render parts of the usual considerations during a risk analysis mute. New risks, 

which are not identified through previous experience, could cause unexpected situations. A 

heavy focus on a thorough risk analysis might mitigate this. 
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5.2.8 External resource utilization 

Scania is part of Volkswagen Group. This structure could be utilized by tapping into important 

insights within the overarching organization and its subunits. This could imply that there is 

knowledge to be utilized within other companies which does not stand in direct competition to 

Scania. The main theme of this factor is inter-organizational knowledge transfer. 

 

5.2.9 Internal relations 

There might be several departments within Scania which are developing initiatives within 

electrification, if so, there could be value in creating a centralized project coordinating all 

efforts. Uniting all of these could aid in knowledge transfer and speed up a transition if desired. 

However, the alternative would supposedly be “silo work” which, in itself, could promote 

intrapreneurship while speeding up knowledge generated. Internal politics could also influence 

the overall outcome since several departments might consider themselves as the most feasible 

location for an electric motor production. 

 

5.2.10 Demand estimation 

Being able to generate thorough and precise estimations of future demand of electric motors is 

a factor which could affect several aspects of the case. 

 

5.2.11 Appropriate methodology 

A broad factor including quality assurance, method procedure, documentation, and product 

quality understanding. Knowing what quality is and developing methodologies to assure it. 

 

5.2.12 Employee engagement 

The attitude towards electric motor production within the ICE production could affect the 

overall implementation success. This includes employees’ willingness to learn the aspects of 

the electric motor, its production, and other related topics. The root cause for any disposition 

could be values and culture within the department. 
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5.2.13 Management endorsement 

The level of support from upper management in a possible transition towards electrification 

could affect the overall implementation success. The projects also derive their internal priority 

here. 

 

5.2.14 Competence renewal 

As the nature of the product, the used materials, and the deployed manufacturing processes 

stand in stark contrast to the existing product, there is a factor identified as competence renewal. 

Several processes within the manufacturing of the electric motor are unchartered today. How 

these should be dealt with constitutes a need for knowledge not clearly possessed today. The 

same goes for the machining of new materials and what constitutes quality within the electric 

motor architecture. The processing requirements could be difficult to specify for quality 

management and assurance. Included in this competence renewal is the lack of tacit knowledge 

which could prove important in the daily operations of a production site, but also in other 

activities such as continuous improvements and risk analysis. 
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5.3 Empirical findings: Interview II 

Through the method used in this paper, 142=196 possible relations have been assessed. Each 

relation has been considered once by each respondent. This equals 196*6=1176 relations which 

will be analyzed to form the ISM. Of the 196 possible relations, the participants identified a 

range between 73 and 111 relations each. Presented below in Table 8 is the final RM based on 

the six interviews. The factor in the beginning of each row is the influencing factor to the ones 

in the beginning of each column. The numbers in the intersection between two factors represent 

the average belief that a relation exists, where the value 1 indicates that all respondents agreed 

upon the relation (6/6=1), and 0 indicates that all respondents agreed there is no relation (0/6=0). 

For example, in the first cell, the intersection between row “F1” and column “F14”, there is a 

value of 0,83. This indicates that five out of six (5/6=0,83) of the participants acknowledged 

there to be an influential relationship from F1 to F14. The next cell in the first row, the 

intersection between row “F1” and column “F13”, is populated with the value 0,33. This 

indicates that a third (2/6=0,33) assumed there to be an influential relationship from factor F1 

to factor F13. This entire table is based on all the conjoint assumptions from the individual 

SSIM’s created during the second interview. The individual SSIM’s can be found in attachment 

A3 due to its size. 

 

To establish which the final relationships are, based on the conjoint result from the SSIM’s, a 

numerical value which represent the breaking point for acceptance needs to be assigned.  If the 

majority of participants considered there to be an influential relation existing from factor A to 

factor B, it ought to be considered to exist. If most participants assessed that there is no 

influential relation from factor A to factor B, it has been considered to have no relation. Since 

the group consisted of an even number of respondents, the possibility of a tie in relational 

assumption was present. In the case, there was 33 instances of 196 where there was a tie (marked 

with red) in Table 8. For systematic reasons, these ties were settled by recognizing the instances 

as having an existing relation. In the reachability matrix, the ties (value at 0,5) was rounded to 

1 to indicate a relation (see Table 9). In total, there were 113 relations identified. 
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TABLE 8: FINAL REACHABILITY MATRIX 
RM F14 F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 

F1 0,83 0,33 1,00 0,00 0,50 0,17 0,33 0,67 0,50 0,50 0,50 0,33 0,50 1,00 

F2 0,50 0,00 0,50 0,00 0,00 0,33 0,00 0,50 0,17 0,33 0,67 0,17 1,00 0,00 

F3 0,17 0,17 0,33 0,17 0,67 0,00 0,00 0,67 0,58 0,58 0,00 1,00 0,17 0,33 

F4 0,17 0,17 0,50 0,25 0,00 0,50 0,17 0,42 0,33 0,67 1,00 0,00 0,50 0,33 

F5 0,17 0,08 0,67 0,17 0,50 0,33 0,00 1,00 1,00 1,00 0,50 0,25 0,67 0,50 

F6 0,50 0,50 0,83 0,17 0,67 0,50 0,17 0,83 1,00 0,83 0,67 0,08 0,33 0,50 

F7 0,83 0,67 1,00 0,33 0,17 0,33 0,42 1,00 0,50 0,17 0,42 0,17 0,83 0,50 

F8 0,83 0,33 1,00 0,50 0,25 0,33 1,00 0,92 0,67 0,67 0,67 0,67 1,00 0,83 

F9 0,92 1,00 0,33 0,67 0,00 1,00 0,67 0,67 0,67 0,33 0,50 0,17 0,17 0,33 

F10 0,17 0,33 0,50 0,33 1,00 0,17 0,25 0,33 1,00 1,00 0,83 0,67 0,83 0,50 

F11 1,00 1,00 0,50 1,00 0,00 1,00 0,83 0,83 0,67 0,50 0,75 0,00 0,17 0,33 

F12 0,50 0,50 1,00 0,00 0,17 0,17 0,00 0,83 0,67 0,17 0,50 0,17 0,83 0,67 

F13 1,00 1,00 0,83 0,00 0,17 0,83 0,33 0,83 0,83 0,08 0,00 0,17 0,50 0,50 

F14 1,00 1,00 0,67 0,33 0,67 0,58 0,33 1,00 0,83 0,50 0,50 0,17 0,67 0,67 

 

 

TABLE 9: REACHABILITY MATRIX WITH ROUNDED NUMBERS TO DEFINE RELATIONS 
RM F14 F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 

F1 1 0 1 0 1 0 0 1 1 1 1 0 1 1 

F2 1 0 1 0 0 0 0 1 0 0 1 0 1 0 

F3 0 0 0 0 1 0 0 1 1 1 0 1 0 0 

F4 0 0 1 0 0 1 0 0 0 1 1 0 1 0 

F5 0 0 1 0 1 0 0 1 1 1 1 0 1 1 

F6 1 1 1 0 1 1 0 1 1 1 1 0 0 1 

F7 1 1 1 0 0 0 0 1 1 0 0 0 1 1 

F8 1 0 1 1 0 0 1 1 1 1 1 1 1 1 

F9 1 1 0 1 0 1 1 1 1 0 1 0 0 0 

F10 0 0 1 0 1 0 0 0 1 1 1 1 1 1 

F11 1 1 1 1 0 1 1 1 1 1 1 0 0 0 

F12 1 1 1 0 0 0 0 1 1 0 1 0 1 1 

F13 1 1 1 0 0 1 0 1 1 0 0 0 1 1 

F14 1 1 1 0 1 1 0 1 1 1 1 0 1 1 
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6 Factor relation analysis 

The Reachability Matrix is configured to highlight the reachability for each factor. Table 10 

shows the Reachability matrix after reversing the order of the columns and highlighting the 

accepted relationships (the cells with the value 1). Further, the first iteration of the RM is also 

shown in Table 10. By assessing which factor(s) affect the lowest number of remaining factors, 

the least influential factor(s) can be identified. In this initial stage of the iteration process, factor 

2, factor 3, and factor 4 display the same lowest reachability of five factors. These three factors 

show the least influence relative to the rest. As can be seen to the right in Table 10, they are all 

given level I as their assigned level in the structure of influence which these iterations will result 

in. 

 

TABLE 10: FIRST ITERATION OF REACHABILITY MATRIX 

 

 

 

When a factor has been assigned a level, its influence on the table is removed by covering its 

row and column. After removing the factors with an assigned level, the remaining reachability 

matrix unveils the next factor with the lowest count of influences in the table. For the second 

iteration, factor 10 is assigned to level II as it alone displays the lowest number of influences, 

five, of the remaining factors (see   

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1 1 1 0 1 1 1 1 0 0 1 0 1 0 1

F2 0 1 0 1 0 0 1 0 0 0 0 1 0 1 I

F3 0 0 1 0 1 1 1 0 0 1 0 0 0 0 I

F4 0 1 0 1 1 0 0 0 1 0 0 1 0 0 I

F5 1 1 0 1 1 1 1 0 0 1 0 1 0 0

F6 1 0 0 1 1 1 1 0 1 1 0 1 1 1

F7 1 1 0 0 0 1 1 0 0 0 0 1 1 1

F8 1 1 1 1 1 1 1 1 0 0 1 1 0 1

F9 0 0 0 1 0 1 1 1 1 0 1 0 1 1

F10 1 1 1 1 1 1 0 0 0 1 0 1 0 0

F11 0 0 0 1 1 1 1 1 1 0 1 1 1 1

F12 1 1 0 1 0 1 1 0 0 0 0 1 1 1

F13 1 1 0 0 0 1 1 0 1 0 0 1 1 1

F14 1 1 0 1 1 1 1 0 1 1 0 1 1 1

Reachability set
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Table 11). 
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TABLE 11: SECOND ITERATION OF REACHABILITY MATRIX 

 

 

 

The third iteration is shown in Table 12. By continuing to systematically cover previous factors’ 

rows and columns as in Table 11, the next factor which display the lowest count of influences 

can be identified. In this case, factor 5 is assigned to level III (see Table 12). 

 

TABLE 12: THIRD ITERATION OF REACHABILITY MATRIX 

 

 

 

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1 1 1 1 1 0 0 1 0 1 0 1

F2

F3

F4

F5 1 1 1 1 0 0 1 0 1 0 0

F6 1 1 1 1 0 1 1 0 1 1 1

F7 1 0 1 1 0 0 0 0 1 1 1

F8 1 1 1 1 1 0 0 1 1 0 1

F9 0 0 1 1 1 1 0 1 0 1 1

F10 1 1 1 0 0 0 1 0 1 0 0 II

F11 0 1 1 1 1 1 0 1 1 1 1

F12 1 0 1 1 0 0 0 0 1 1 1

F13 1 0 1 1 0 1 0 0 1 1 1

F14 1 1 1 1 0 1 1 0 1 1 1

Reachability set

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1 1 1 1 1 0 0 0 1 0 1

F2

F3

F4

F5 1 1 1 1 0 0 0 1 0 0 III

F6 1 1 1 1 0 1 0 1 1 1

F7 1 0 1 1 0 0 0 1 1 1

F8 1 1 1 1 1 0 1 1 0 1

F9 0 0 1 1 1 1 1 0 1 1

F10

F11 0 1 1 1 1 1 1 1 1 1

F12 1 0 1 1 0 0 0 1 1 1

F13 1 0 1 1 0 1 0 1 1 1

F14 1 1 1 1 0 1 0 1 1 1

Reachability set
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The fourth iteration is shown in Table 13. Here, the factor which affects the least amount of the 

remaining factors are factor 1. It is therefore assigned to the next level of IV.   

 

TABLE 13: FOURTH ITERATION OF REACHABILITY MATRIX 

 

 

 

The fifth iteration is shown in Table 14. Closing in on the remining factors it becomes clear that 

there is a lot of influential directions among these. However, two of them, factor 7 and factor 

12, affect the least amount of the remaining factors. They are assigned to level V. 

  

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1 1 1 1 0 0 0 1 0 1 IV

F2

F3

F4

F5

F6 1 1 1 0 1 0 1 1 1

F7 1 1 1 0 0 0 1 1 1

F8 1 1 1 1 0 1 1 0 1

F9 0 1 1 1 1 1 0 1 1

F10

F11 0 1 1 1 1 1 1 1 1

F12 1 1 1 0 0 0 1 1 1

F13 1 1 1 0 1 0 1 1 1

F14 1 1 1 0 1 0 1 1 1

Reachability set
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TABLE 14: FIFTH ITERATION OF REACHABILITY MATRIX 

 

 

 

The sixth iteration is shown in Table 15. Here, the highest number of factors which is assigned 

to the same level is found. Four of the factors (F6, F8, F13, F14) all pose as the least influential 

of the remaining ones. They are all assigned to level VI. 

 

TABLE 15: SIXTH ITERATION OF REACHABILITY MATRIX 

 

 

 

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1

F2

F3

F4

F5

F6 1 1 0 1 0 1 1 1

F7 1 1 0 0 0 1 1 1 V

F8 1 1 1 0 1 1 0 1

F9 1 1 1 1 1 0 1 1

F10

F11 1 1 1 1 1 1 1 1

F12 1 1 0 0 0 1 1 1 V

F13 1 1 0 1 0 1 1 1

F14 1 1 0 1 0 1 1 1

Reachability set

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1

F2

F3

F4

F5

F6 1 0 1 0 1 1 VI

F7

F8 1 1 0 1 0 1 VI

F9 1 1 1 1 1 1

F10

F11 1 1 1 1 1 1

F12

F13 1 0 1 0 1 1 VI

F14 1 0 1 0 1 1 VI

Reachability set



 

58 

 

The final iteration is shown in Table 16. Two remaining factors here; F9 and F11. Since they 

are equally influential to each other they will be assigned the last level of these iterations: level 

VII. The  

 

TABLE 16: FINAL ITERATION OF REACHABILITY MATRIX 

 

 

 

Based on the assigned levels and the first RM, a diagraph displaying these relations can be 

drawn. By placing factors from level I at the top and subsequently placing level II factor(s) 

below all the way down to level VII, an initial hierarchy can be built. By adding direct 

influential relationships, in the form of arrows between factors in close proximity, an indication 

of the relational flow can be visualized. In figure Figure 4 the initial sketch of the diagraph is 

shown.  

 

Factors F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 Level

F1

F2

F3

F4

F5

F6

F7

F8

F9 1 1 VII

F10

F11 1 1 VII

F12

F13

F14

Reachability set
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FIGURE 4: DIAGRAPH BASED ON LEVEL ASSIGNMENT IN RM 

 

Finally, changing the factor code to their original names displays the final diagraph of the ISM 

(see Figure 5). If there was no identified connection between factors from one level to the next, 

or between factors in the same level, no arrow is drawn to indicate this. As level VI contained 

a high number of factors, the model reveals a drawback in the approach of indicating relations 

to factors not adjacent but on the same level. Therefore, it should be noted that neither F6, F13 

or F14 have an influence on F8. However, F8 does have (apart from the indicated relation to 

F6) an influential relation towards F14 . This is not shown in the diagraph but should be noted.  
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FIGURE 5: FINAL ISM DIAGRAPH 

 

Further, the factors are sorted based on their driving power and dependence power. Dependence 

power is the number of factors which the factor is influenced by, while driving power is the 

number of factors which it influences. The result is shown in   
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Table 17. 

  



 

62 

 

TABLE 17: CONICAL MATRIX 

 

 

 

From this, the factors can be sorted into a graph highlighting these characteristics of each factor 

based on the information in the conical matrix. This is done to better visualize what the conical 

matrix is telling us (see Figure 6). Some observations notable is treated in the following chapter. 

 

FIGURE 6: VISUALIZATION OF FACTORS' DRIVING AND DEPENDENCE POWER 

Factors

F2 0 1 1 1 1 1 0 0 0 0 0 0 0 0 5 VI

F3 1 1 0 0 0 0 0 1 0 0 1 1 0 0 5 VI

F4 0 0 1 1 1 0 0 1 0 1 0 0 0 0 5 VI

F7 1 1 1 0 1 1 1 0 1 0 0 0 0 0 7 V

F5 1 1 1 1 1 0 1 1 0 0 1 0 0 0 8 IV

F9 1 1 0 1 0 1 0 0 1 1 0 0 1 1 8 IV

F10 1 0 1 1 1 0 1 1 0 0 1 1 0 0 8 IV

F12 1 1 1 1 1 1 1 0 1 0 0 0 0 0 8 IV

F13 1 1 1 0 1 1 1 0 1 1 0 0 0 0 8 IV

F1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 9 III

F6 1 1 1 1 0 1 1 1 1 1 1 0 0 0 10 II

F11 1 1 1 1 0 1 0 1 1 1 0 0 1 1 10 II

F8 1 1 1 1 1 1 1 1 0 0 0 1 1 1 11 I

F14 1 1 1 1 1 1 1 1 1 1 1 0 0 0 11 I

12 12 12 11 10 10 9 9 7 6 6 3 3 3

Rank I I I II III III IV IV V VI VI VII VII VII

F11F5 F13 F9 F10 F3 F8

Dependence 

power

Driving 

power RankF6 F7 F12 F4 F2 F14 F1

Driving power

14

13

12

11 F8 F14

10 F11 F6

9 F1

8 F13 F5 F12

7 F7

6

5 F3 F2 F4

4

3

2

1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 Dependence 

power

F9 F10
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7 Discussion and Conclusions 

This study has addressed the circumstances of an anticipated technological paradigm shift 

within the heavy-duty truck powertrain. Factors which were identified as important in a 

paradigm shift for Scania’s engine machining facility has been contextualized into a structure 

of influence. This research makes some contributions to the ability to radically shift production 

with a qualitative intent. Firstly, 14 factors were identified as having a considerable effect on 

the ability to produce electric motors where competence and processes are aligned to 

manufacture internal combustion engines. Secondly, inter-relations were established to 

visualize how these factors are not autonomous, but rather has a considerable relation to each 

other. Understanding this interplay could be of value in addressing issues such as risk 

management within a new setting, such as an electric motor production. Further, the study 

shows: 

1. F3, Material availability, is a factor which displays a low level of drive power as well 

as a low level of dependence power. Inherently, the availability of material within the 

mining industry is not something readily affected by the circumstances within an electric 

motor production. However, the ability to secure the upstream supply chain, in 

situations where resources are scarce, is an activity affected from within the company. 

The autonomy of the factor makes an important factor to keep track of, even though its 

effect on the electric motor production ability is limited. 

2. Factors Material management (F2), available space (F2), and risk management (F7) are 

found in the lower right quadrant in Figure 6 which represents factors with a higher 

level of dependability and a lower level of drive power meaning that these factors are 

subject high levels of influence, but display a low influence on others. Having a low 

influential ability is favorable if addressing these are secondary. 

3. Factors with high levels of drive power, and low levels of dependability, which are 

found in the upper left quadrant of Figure 6, especially External resource utilization 

(F8) and Management endorsement (F11), are acting as root causes for several factors. 

This resonates with theory on the topic of management support as an important driver 

in both competence renewal and employee engagement. The approach towards these 

factors should be with the understanding of its importance in the overall initiative. 

4. In the upper right quadrant in Figure 6, factors which are both very influential and 

subject for strong influence, are found. Two factors which display these characteristics 

are competence renewal (F14) and product flexibility (F6).  
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If an initiative to address these factors in a proactive manner is afoot, there can be some 

conclusions drawn on where to start. Since factors which has a high level of drive might affect 

the circumstances of another factor, it could serve as beneficial to start an initiative on factors 

with low dependency and high drive power. Subsequently, factors with high drive power and 

high dependence power could be addressed. Since these factors affect other in a large extent, 

some influence from antecedent factors has already taken place. The starting point for the 

factors with a high level of dependence power could therefore receive a reduction in uncertainty 

connected to the antecedents.  

 

7.1 Contributions to literature 

The literature on technological paradigm shifts as a phenomenon has had a focus on analyzing 

the circumstances of the turn-out from a shift. As the automotive industry is approaching a 

possible paradigm shift, addressing aspects of a paradigm shift before it happens, is an 

opportunity of studying perceptions of what might come. The study has assessed the possible 

inter-relations between factors before a shift has taken place. The study performed brings about 

some matters worthy of discussion. Drawing upon the literature study, the relationship between 

technological, managerial, and institutional factors evoke some considerations. Looking at the 

bottom of the final structure, we find the factors of management endorsement and internal 

relations. One could argue that these factors are primarily factors associated with the 

institutional dimension. As management endorsement refers to the support infused in a project 

from management, a cultural shifting aspect regarding leaders’ ability to deliver a unified vision 

for the future, can be discerned. Internal relations ties into the institutional dimension by being 

shaped through internal politics, and therefore highly influenced by values at large. On the level 

above we find two factors which also have considerate ties towards the institutional dimension; 

Competence renewal and employee engagement. While competence renewal refers to the ability 

and willingness to learn from bodies of knowledge outside of the current competencies, 

employee engagement is closely related to values and culture within an organization. Of the 14 

identified factors, these 4 are the ones most directly tied to the institutional dimension. There 

seems to be a concurrence on how culture and values influence the rest of the structure. The 

institutional dimension appears to constitute the foundation in a technological paradigm shift.  

In the middle of the structure tree it appears to be a high density of factors which relate to the 

managerial dimension, mainly external resource utilization, risk management, appropriate 
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methodology, and supplier relations. Supposedly, on top of the institutional dimension rests 

most of the managerial infused factors. The factors associated with the technology dimension, 

while a little more fragmented, are primarily found at the top of the structure. Those factors are 

scalability, material availability, and available space. This dimension could be considered 

fragmented due to the highly technical factor product flexibility found further down in the 

structure. A technological paradigm shift might be viewed as a technical subject, where the core 

action is shifting systems and competencies. However, without acknowledging the fundamental 

forces of organizational change, the transition could suffer through inefficiency.  

 

Instead of viewing the three dimensions as three pillars of fundamental reliance for a 

technological paradigm shift, it could be viewed as a pyramidal shape where the dimensions 

build upon each other. As a technological paradigm shift is commonly associated with the 

technological dimension, factors which adhere to the technological level might fragment 

throughout the structure. Disregarding this, the flow for a technological paradigm shift might 

induce awareness in a top down direction, whilst effective organizational change spurs from 

the bottom and up. The notion is illustrated in Figure 7.  

 

FIGURE 7: PYRAMIDAL SHAPE OF THREE DIMENSIONS FOR ORGANIZATIONAL CHANGE 

 

A tendency to focus extensively on the technological level during a technological paradigm 

shift could be due to the sense of direct effect any initiatives might have. But without anchoring 

these initiatives in the managerial support systems, as well as the institutional values and 
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assumptions, its overall quality could be compromised. As the institutional factors are 

indicating to be driving overall quality, any initiatives during a technological paradigm shift 

might require a connection to this level to result in a qualitative change.  

 

The final structure indicates the need for a vertical alignment from the institutional, through the 

managerial, to the technological level. As previous studies have indicated this tendency as well, 

this study has ignored the assumed factor dimension to merge the tangible and intangible 

systems which directly or indirectly affect a transition. Without approaching the factors with a 

preset regarding nature, the structure both indicates a tendency for a vertical structure, whilst 

highlighting the complexity regarding a partition between vertical and horizontal alignment. 

Due to the potential strong inhibitors regarding a technological paradigm shift, in relation to a 

common strategic alignment, the factor structure might display substantial inconsistencies 

towards expected results. The chaotic reorientation which could accompany a technological 

paradigm shift could affect the assumed importance of factors. 

 

While Figure 7 indicates the internal transition for a qualitative change, the timeframe which 

the awareness descent and change ascent should be completed within could connect to the 

capital of the company. Since it seemed to create leeway for the holding company in the 

literature study, it constitutes an additional dimension which should be addressed. The 

timeframe becomes important while returning to the subject of inertia. Organizational inertia 

affects the pace of diffusion within the company. This makes inertia a component for the 

duration of the change. The duration of battling inertia should be shorter than the expected 

leeway timeframe created by capital and selection barriers. By thoroughly understanding a 

company’s inertia, how it affects change, and how to address it, together with the industry’s 

barriers of entry and the additional pace setting factors of the market, will result in an 

understanding of the pace within which an internal change must be completed. As the timely 

manner of a change should be seen as just as relevant as the quality of the change, this is an 

area which could need further development. 

 

Reconnecting to my research question “How do independent factors connected to production 

affect an incumbent’s overall ability of adaption towards an anticipated technological 

paradigm shift?” Figure 5 is as close to a visual representation of an answer that could be 

obtained. Overall, it displays a clutter of interrelationships which indicates few instances of 

independency. As shown to be highly interrelated, the issue of a technological paradigm shift 
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needs a holistic approach to result in a viable transition where the entire company is set for a 

shift. The technological level is where the change mainly will be visible but rooting the change 

in the managerial and institutional level will ensure a robustness vital for any intended ambition. 

A change should therefore be grounded in antecedent factors to ensure coherence with intended 

turn-out.  

 

While scouring the literature for topics regarding technological paradigm shifts, little to no 

indication could be found towards the notion of the shift of technological foundation in itself 

being the issue. Surely, the competence trap could be somewhat considered technical in nature, 

but the root cause seems to always be found in within a fuzzier domain, such as beliefs and 

values affecting organizational inertia. While the original purpose of this study was aimed 

towards the implications on a technical level, a deeper understanding underpinning the direct 

task of manufacturing electric machines.  

 

7.2 Limitations 

Some limitations connected to the study has been identified. The number of factors which has 

been analyzed is based on the time constraint. 14-15 factors were considered the maximum 

amount before the study for respondents to be able to assess every possible relation within an 

hour. With 14 factors, the average length of an interview was about 50min. Aiming to cover the 

holistic of the case, some factors had to be merged to make it manageable. This led to some 

broad factors with a variety of parameters within the same theme. Breaking these down into 

more specific factors would have increased the accuracy of factors, but also increase the scope 

of the study. It was a conscious limitation sought for better manageability. 

 

From the respondents’ point of view, more factors could mean a heavy assessment process. 

Assessing all factors in one sitting could become more tedious and might compromise the 

accuracy of their assessment. A tendency was noticeable in the time spent on each relation as 

the session proceeded. The first relationships estimated took a longer time since the factors 

were handled for the first time. The last relationships generally took a shorter time, either 

because of lack of motivation to stay focused, having a solid understanding of factors, and/or 

that the end of the session handled more factors easier to understand. However, the respondents 

were satisfied with their assessment after the interview.  
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During the second interview round, some opinions were expressed regarding the suitability for 

some factors in the case. The factor of demand estimation was considered to be outside of the 

scope given that this main activity was performed within another department at Scania. The 

case is focused on aspects possibly performed within the machining facility of Scania, which 

indeed makes it a questionable factor to include. An estimation of demand is communicated to 

the manufacturing unit, and not performed within it. However, it is a factor with influence on 

the issue, and operating as a confined unit does not represent reality, which is why the factor 

was kept. The same justification was done with the factor of material availability. It is an aspect 

outside of the manufacturing unit control, but an important factor which should be considered, 

even though it is not under control of the machining facility.  

 

7.3 Methodological contributions 

The final ISM diagraph can, and does, display some inconsistencies. Since the factors are 

assigned levels through iterations, and since the structure should display an upward influential 

relation, at least one factor from the antecedent level should show an arrow of influence to the 

above level. Between level IV and III (supplier relations and scalability) there is an indication 

of influence. The reality however, as experienced from the respondents, is that there is no direct 

relation between these factors. Even though the model is primarily used for holistic 

understandings, this inconsistency is found to be misleading. To mitigate this confusion, a 

dashed arrow could be used to indicate an indirect relation. Alternatively, a level could be 

merged with another to facilitate at least one direct relation. In this situation, level III and II 

could be merged to link supplier relations with demand estimation which has a direct relation 

in the RM.  

 

Further, since the ISM diagraph is not intended to pose as a detailed mapping of all relations, 

several relations are not displayed. This should be kept in mind when interpreting any patterns 

or formulating any conclusions. All relations with a downward direction, and relations spanning 

further that to the next level, are not shown. Understandable, displaying all 196 relations would 

result in a messy structure taking focus from the holistic overview sought after. As an example, 

material management, in level I, affects competence renewal in level VI.  

 

The ISM method has been proven to be useful in a scenario where the factors assessed can be 

found in different units of analysis, and within different sciences. The factors of belonging to 



 

69 

 

the institutional level have their main theoretical foundation within sociology and psychology, 

where matters address community, cognition, and social interactions, while technical factors 

such as product flexibility, scalability, and available space are more logical in nature. If social 

interactions, values, and culture is the underlying foundation for all activities performed in an 

organization, then their contextual placement in the diagraph is irrelevant. Their immediate 

effect, as presented through the analysis, does not take into consideration their indirect 

influences which could be hard to elaborate. But since the discussed factors are found in the 

lower part of the ISM, their general influence on the structure is prominent. Performing this 

analysis on a similar situation ought to yield results with a hierarchy  

 

7.4 Suggestions for future studies 

In further investigation of the current case, a fuzzy theory set approach could utilized. In fuzzy 

theory, a qualitative study could become more quantitative by assessing the strength of a 

relation. As of now, the relations are only considered existing or not, while in using fuzzy theory 

the respondents are also asked to rate the strength of each relation. In that case, a negligible 

relation could be assessed to 0,1 in the reachability set, while a very strong relationship could 

be assigned 0,9 in the reachability set (see Table 18). 

 

TABLE 18: REACHABILITY WITH FUZZY THEORY 

 

 

 

Fuzzification provides a higher level of “resolution” while indicating the relationships. A factor, 

which might affect a high number of other factors, could be assessed to only have a low impact 

and thus reducing its driving power to a more reasonable level. 

  

Possibility of 

reachability 
No Negligible Low Medium High 

Very 

high 
Full 

Value 0 0,1 0,3 0,5 0,7 0,9 1 
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9 Attachments 

A1: Powertrain topology and electric machine description 

A2: Schematics of rough estimation of electric motor production processes 

A3: Individual SSIM’s from interviews



 

1 

 

A1 

Electric powertrain configurations 

As mentioned previopusly, there are an array of configuration options for an electric vehicle. A 

quick overview is presented here. The major electric vehicle configurations can be divided into 

three groups; Battery electric vehicles (BEV), Hybrid electric vehicles (HEV), and Fuel cell 

electric vehicles (FCEV). A common feature of these EV’s are the utilization of an electric 

motor for propulsion. 

Battery Electric Vehicle 

The BEV powertrain system consists roughly of a battery pack as the energy storage system, a 

power electronic converter, an electric machine, and a transmission (see Figure 8) . The enegy 

souce is refueled by charging the battery. Some issues with this kind of vehicle is energy density 

in batteries, the need for charging facilities, and the cost for the battery pack. 

 

 

FIGURE 8: BATTERY ELECTRIC VEHICLE SCHEMATICS 

Hybrid Electric Vehicle 

The HEV has the same characteriestics of the BEV, but incorporates an ICE as well as the 

electric machine. This kind of powertrain lacks the critical need of a charging infrastructure in 

the same extent as the BEV. The enegy storage system consist of a gasoline or diesel fuel tank, 

as well as a battery pack. Given the space dedicated to the fuel tank and the ICE, the battery 

pack could be of limited size. The refueling infrastructure for the ICE is well established around 

the world which makes this vehicle suitable for the current automotive infrastructure (Chan, 

2007).  
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Series Hybrid Electric Vehicle 

The HEV can be configurated in different ways. The two main ways to configure the powertrain 

is as a series HEV and a parallel HEV. A series HEV does not utilize the ICE for direct drive, 

but instead relies on the electric motor for propulsion. The ICE has a mechanical transmission 

to a generator which converts the ICE output torque into electricity. The generated current is 

fed into the batteries or directly to the electric motor which transform it back into mechanical 

energy for vehicle propulsion (see Figure 9). This manner of utilizing an ICE for extended range 

has its drawbacks by the losses associated with repeated energy conversions. This lowers, 

theoretically, the overall efficiency of the powertrain compared to a parallel HEV with the same 

componenets, but the series HEV will have a slightly less complexity in the powertrain. As the 

BEV, the vehicle can run on pure electric drive, without engaging the ICE (Chan, 2007). 

 

FIGURE 9: SERIES HYBRID ELECTRIC VEHICLE SCHEMATICS 

 

Parallel Hybrid Electric Vehicle 

A parallel HEV have both the ICE and the electric machine delivering power to the wheels (see 

Figure 10). Through a clutch can the propulsion power come from solely the ICE, solely the 

electric machine, or from both simuntaneuously. This setup eliminates the need for a generator 

such as used in the series HEV case. Both the series and parallel HEV can utilize a function 

called generative braking which utilizes the electric machine as a generator by transforming the 

momentum back to electric energy charging the batteries while slowing down the vehicle 

(Chan, 2007). 
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FIGURE 10: PARALLEL HYBRID ELECTRIC VEHICLE SCHEMATICS 

 

There are also comfigurations such as a series-parallel HEV, which is a costly compromise of 

the two systems, and complex hybrid, which is very similar to the afromentioned hybrid but 

has a bidirectional power flow that enables some versitility in driving modes (Chan, 2007). 

Fuel Cell Electric Vehicle 

The FCEV has a somewhat irregular powertrain. While still utilizing the electric machine for 

propulsion, the electricity is generated through a chemical reaction. There are several different 

kind of fuel cell technology deployed for propulsion applications, but the most common one 

utilizes hydrogen in a proton exchange membrane fuel cell (McCulloch, et al., 2012). The H2 

relases two electrons to an anode which transports them, as a current, through the electric 

machine for propulsion, and back to a cathode which binds the electrons to O2 molycules which 

creates water. FCEV’s are easily refueled, similar to ICEV’s, which is its greatest benefit 

compared to BEV’s (Wee, 2007). A schematic of a FCEV is displayed in Figure 11. 

 

 

FIGURE 11: FUEL CELL ELECTRIC VEHICLE SCHEMATICS 
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Hybrid Electric Vehicle 

Given the current constraints in EV charging infrastructure and the range limitations of current 

EV’s, the market might not be mature for a BEV heavy duty truck. Regarding FCEV, the same 

infrastructure issue is present. A HEV seems to be a vehicle which constitutes a sustainable 

stepping stone towards fully electric vehicles.  

Electric machines 

With the automobile industry in the forefront of development of electric vehicles, some 

conclusions could be drawn upon this closely related field. Examining the alternatives presented 

through the literature, of electric motors applicable in the powertrain, it indicates a couple main 

models in use and under consideration. Santiago, et al. (2012) presents a comprehensive list of 

automobile EV’s in serial production from 1969 to 2012 (some newer models missing). From 

1969 to 2007, the most used motor, by car model, seems to have been DC motors. From 2008 

to 2012, it seems to have been a majority of models produced with induction technology, closley 

followed by models with permanent magnet motors. The last recorded car model in the list is 

Tesla Model S with an induction motor. Looking at the currently newest model from Tesla, the 

Model 3, it uses two permanent magnet motors for propulsion (EPA, 2017). This indicates that 

induction and permanent magnet motors are common choices within the industry. A study, 

looking at different options for electric motors and analyzing their applicability, by Xue, et al. 

(2009), took four types of electric motor into consideration. These were a  brushed DC motor, 

a brushless IM, a brushless PM, and a brushless switched reluctance motor (SRM). Another 

article, by Zeraoulia et al. (2006), adresses the same issue but focuses on HEV applications and 

has also focused on the four afromentioned motors. Below, a short description of the motors 

are presented. 

Brushed DC motors (DC) 

A DC motor is run on direct current (hence the name) and utilizes brushes to reverse the 

magnetic field. This motor has a very simple fundamental construction which makes it cost 

effective in smaller applications. The brushes are usually made of graphite which transmits the 

electricity. Due to the brushes being worn, DC motors are often in need of maintenance for 

replacement of brushes. Even though its torque-speed characteristics are well suited for traction 

applications, the motor is an inappropriate choice in EV’s due to its low efficiency, low 

reliability, need of service, and space consuming construction. These considerably negative 

properties are seen in comparison with ac induction motors and synchronous motors which has 
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benefitted greatly by developments of solid-state power semiconductors (Zeraoulia, et al., 

2006). 

Brushless AC induction motors (IM) 

By utilizing a three phase AC fluctuation, the stator can switch its polarity without any brushes 

involved. This significantly reduces the motors need for maintenance and increases its 

efficiency by eliminating the friction associated with brushes. By controlling the frequency of 

the voltage, speed variations are achieved. Maximum speed is higher compared to the DC motor 

since there are no restrictions from the brushes (Xue, et al., 2009). The induction motor 

topology works through the stator’s magnetic field in two ways. Firstly, the magnetic field 

induces a current in a “squirrel cage”-resembling rotor, which results in its own magnetic field 

being created. Secondly, the stator’s magnetic field interacts with the rotor’s magnetic field by 

attracting and repelling each other which creates a rotating movement of the rotor. Through its 

simple and rugged design, the motor is considered reliable, able to operate in hostile 

environments, and offered at low cost. The IM’s efficiency relies heavily on its control 

techniques (Zeraoulia, et al., 2006). 

Brushless AC permanent magnet motor (PM) 

Through utilizing permanent magnets in the rotor, a strong magnetic field is always present. An 

AC current creates a rotating magnetic field in the stator which attracts/repels the magnetic field 

in the rotor and thus creates a rotating motion. Just like the IM, this motor type is brush free 

which makes it low in maintenance and efficient. Further, a PM has a high power density, it 

can effectively distribute heat to surroundings, and are at the same time, in general, more 

efficient than IM’s due to the constant magnetic field of the rotor (Xue, et al., 2009) (Zeraoulia, 

et al., 2006).  Some drawback of this motor is the need for rare earth magnets, as well as the 

limitation of torque due to limited mechanical strength of the magnets (Xue, et al., 2009). 

Switched reluctance motor (SRM) 

This motor relies on torque through reluctance of the magnetic field. It, as well, has a rugged 

and simple construction, easy control, and favorable torque-speed characteristics. Some 

disadvantages are acoustic noise, torque ripple, electromagnetic interference noise generation, 

and needs for special converter topology (Zeraoulia, et al., 2006). 
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A2 

 

FIGURE 12: SCHEMATICS OF ROUGH ESTIMATION OF ELECTRIC MOTOR PRODUCTION 

PROCESSES  
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A3 

TABLE 19:RESPONDENT 1 
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