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Abstract: To address comprehensive system innovations that may occur in a 
future transition, a suitable ex ante assessment method is required. The 
technological innovation system approach is useful for the retrospective study 
of the conditions for success or failure of innovation trajectories, and the multi-
level framework helps to understand transition dynamics. Drawing on these 
concepts and on the hypercube of innovation, we suggest, as an ex ante 
approach, the assessment method for system innovation and transition 
(AMSIT). This method not only helps to anticipate the requirements for a 
system innovation and transition, but it also provides an indication if these 
requirements are being met. The method helps to assess innovation system 
initiatives that not only face technological challenges in the niche in which it 
operates, but also challenging factors related to the sociotechnical regime and 
the political and societal landscape in which the niche is located. This paper 
describes the construction of the anticipatory AMSIT and illustrates its 
application in a case linked to the Dutch railway network involving a transition 
to a system operating at an increased voltage. 
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1 Introduction 

Various environmental forces related to finite oil reserves, water scarcity, traffic 
congestion and a desire to reduce carbon emissions have increased the need for 
sustainability in important sociotechnical systems such as transportation, construction, 
and energy and food production. The success of related sustainable transitions depends 
upon large-scale aligned changes in both technologies and societal/cultural dimensions 
(Neuman et al., 2002). Given these complexities, innovation systems struggle with 
transitions from one technological regime to the next, and often undergo incremental, 
rather than the required radical, systemic changes (Markard and Truffer, 2006; Hekkert  
et al., 2007). Despite the importance, there is a lack of strategic system-oriented 
innovation instruments that can help policymakers with assessing possible system 
innovations. In responding to this need, the goal of this study has been to design and test 
an ex ante assessment method for system innovation and transition (AMSIT). This 
assessment method provides organisations with the opportunity to map key factors that 
influence system innovations and facilitates in discovering opportunities to improve the 
process concerned with technological transitions. With AMSIT, organisations are better 
able to identify the complexities and opportunities in a technological transition. To 
achieve this study’s purpose, we draw on three complementary frameworks from 
transition studies (Markard, Raven and Truffer, 2012): the MLF, the technological 
innovation system (TIS) and the hypercube of innovation (Afuah and Bahram, 1995). 

In the transition literature, it is argued that the MLF and TIS could each address the 
other’s shortcomings (e.g. Hekkert et al., 2007; Markard and Truffer, 2008b). The MLF 
includes three levels on which technology transitions can be described as these have 
occurred: the niche in which an innovation is generated, the involved regime where the 
innovation is supposed to breakthrough and the landscape that restricts or supports the  
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regime or demands a regime shift (Geels, 2002). Research using the TIS explains how 
networks of firms and institutions interact in a specific technological field (Hekkert et al., 
2007) and how this contributes to the generation, diffusion and utilisation of innovations 
(e.g. Markard and Truffer, 2006; Markard and Truffer, 2008b; Geels and Schot, 2007; 
Bergek et al., 2008; Rogers, 2010). Specific attention has been paid to the functions, or 
key interaction processes, that need to be present and to run smoothly in the system to 
coordinate the interdependencies between the relevant actors in the system. 
Sociotechnical transitions differ from technological transitions in that they not only 
include technological changes, but also changes in user practices and institutional 
structures. Therefore, in our AMSIT, we also take into account how the various actors 
involved in, or influenced by, an innovation can experience it in very different ways. The 
hypercube of innovation explains the various faces that innovations can show to different 
actors in the innovation value-adding chain (Afuah and Bahram, 1995). For example, an 
innovation could be incremental for the innovating entity, architectural or modular to 
suppliers of complementary innovations and radical in the perceptions of customers. 
Successful technological transition strategies need to take these differences into account 
as they often imply divergent behaviours on the part of the actors involved in the 
innovation (Afuah and Bahram, 1995; Henderson and Clark, 1990). We have combined 
these frameworks in a method that can be used to assess system innovations in advance 
or at an early stage. Using this method provides an opportunity to depict a qualitative 
development of innovation system initiatives and define plausible transition paths for 
system innovations. To explore the feasibility of the proposed AMSIT method, we 
applied it to a potential system innovation involving the Dutch railways. This application 
illustrates how the method could be used in the early assessment of system innovations as 
part of regime transitions. This illustrative case study is based on document analyses and 
interviews. 

2 AMSIT components 

To develop our AMSIT, we draw on three complementary perspectives on technological 
transitions. We use the MLF to describe the levels that interact during technological 
transitions. The TIS is used to describe the dimensions and functions that contribute to the 
generation, diffusion and utilisation of new technologies. Finally, the Hypercube of 
Innovation is used as this helps innovation managers think in terms of what the impact of 
the innovation will be on various actors including customers and the suppliers of critical 
components, equipment and complementary innovations. Together, these theoretical 
frameworks provide the building blocks for our method for an early assessment of 
transitions. In this section, we explain these frameworks and combine them to develop 
the AMSIT. 

2.1 The multi-level framework 

The MLF addresses transitions with a technological nature as interactive processes of 
change. These processes are conceived as existing on three levels of analysis: the  
micro-level with niches, the meso-level representing the sociotechnical regime and the 
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macro-level with elements of the exogenous environment (e.g. Hekkert et al., 2007; 
Geels, 2005; Verbong and Geels, 2007). Thereby, the MLF can be used in retrospect to 
describe transitions as these have occurred. 

The micro-level is defined by the niches that act as ‘incubation rooms’ or ‘protected 
space’ for systemic radical innovations (Kemp, Schot and Hoogma, 1998). Such 
incubation rooms include specific markets or application domains that shield innovations 
from the selection pressures of the prevailing regime (Markard, Raven and Truffer, 2012; 
Kemp, Schot and Hoogma, 1998). It can be especially hard for radical innovations that 
depart from established practices and knowledge to survive in an environment that 
strongly supports these established practices and knowledge. However, if radical 
innovations address weaknesses in the established sociotechnical regime, they have the 
possibility of breaking through. 

The meso-level defines the sociotechnical regime in the MLF (Geels, 2002), and it is 
based on the concept of ‘technological regimes’ (Nelson and Winter, 1982). The 
sociotechnical regime is characterised by several dimensions such as user practices, 
techno-scientific stocks of knowledge, and established norms and regulations. Geels 
(2002) listed the following dimensions of the sociotechnical regime as being affected in 
the event of a technological transition: 

1 technology 

2 user practices and application domains (markets) 

3 symbolic meaning of technology 

4 infrastructure (e.g. physical, knowledge) 

5 industry structure 

6 policy 

7 techno-scientific knowledge. 

A strong sociotechnical regime whose dimensions are misaligned with the new 
technology will complicate the diffusion of a radical innovation from the niche level to 
the meso-level of the sociotechnical regime, because this requires a radical change in the 
dimensions that characterise the established regime. In contrast, in a weak regime, a 
radical innovation can more easily breakthrough and lead to a regime shift. The strength 
of the seven dimensions identified by Geels will depend on the regime (Hekkert et al., 
2007; Markard and Truffer, 2008b; Schot and Geels, 2007). This means that not every 
dimension has a similar influence in every regime. A regime contains a multi-actor 
network whose actors behave and act in a certain predefined way that is established in the 
regime. These behaviours and activities are reproduced within social groups and maintain 
the characteristics of the regime. The social groups are interdependent and interacting, 
leading to alignment and coordination between and within the social groups. Through 
this, sociotechnical regimes create a dynamic stability in the sociotechnical systems 
(Markard and Truffer, 2008b). As a consequence, the regime represents a selection 
environment for technological developments (Markard and Truffer, 2008b). Markard and 
Truffer (2008b) p.603 explain this as follows: “The macro-level, the so-called landscape, 
includes a set of factors that influence innovation or transition processes but are hardly 
(or only in the long run) affected by themselves. Coherence of the regime is supported by 
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its fit to the exigencies posed by external factors over the course of a specific historical 
time span.” 

The landscape factors tend to support the established regime and therefore impede 
regime shifts as they are difficult to change by the actors in the sociotechnical regime 
(Hekkert et al., 2007; Markard and Truffer, 2008b; Geels, 2002; Rayner and Malone, 
1998). Although such factors are likely to resist a regime shift, other changing landscape 
factors may act as driving forces towards a regime change. For example, the need to 
reduce carbon emissions in inner cities is a strong positive force for change. Over time, 
changes in the sociotechnical regime can act upon the landscape factors that in turn act 
upon movements in the sociotechnical regime (Hekkert et al., 2007; Markard and Truffer, 
2008b; Schot and Geels, 2007; Verbong and Geels, 2007). 

2.2 Technological Innovation System 

According to a widely accepted understanding, an innovation system encompasses “the 
‘biotope’ of all those institutions which are engaged in scientific research, the 
accumulation and diffusion of knowledge, which educate and train the working 
population, develop technology, produce innovative products and processes, and 
distribute them; to this belong the relevant regulative bodies (standards, norms, laws), as 
well as the state investments in appropriate infrastructures. The innovation system 
extends over schools, universities, research institutions (education and science), industrial 
enterprises (economic system), the politico-administrative and intermediary authorities 
(political system) as well as the formal and informal networks of the actors of these 
institutions” (Kuhlmann, 2001, p.958). In developing AMSIT, we draw on the TIS 
(Figure 1) as this provides an insight in which function should be or are fulfilled to 
innovate the system. This system can be defined as a network of actors and institutions 
that jointly interact in a specific technological field and contribute to the generation, 
diffusion and utilisation of a new technology (Carlsson and Stankiewicz, 1991; Kemp, 
Schot and Hoogma, 1998; Nelson and Winter, 1982). Hekkert et al. (2007) propose a set 
of functions that describe the key activities of a TIS:  

1 Entrepreneurial activities: entrepreneurs realise the potential of new knowledge 
networks and markets. 

2 Knowledge development: knowledge is developed by learning and R&D. 

3 Knowledge diffusion through networks: it is essential to exchange information in 
networks. Not only within the R&D setting, but also between R&D, government, 
competitors and the market. Policies can be adjusted to the latest technology and 
R&D agendas can be modified. 

4 Guidance of the search: guidance is needed because the resources are almost always 
limited. Guidance is also needed from a social perspective. The society has to adjust 
itself, or needs to be adjusted, to the new technology/innovation. 

5 Market formation: a new technology often has difficulties in competing with 
established technologies. This issue can be addressed by the formation of temporary 
niches. 
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6 Resources mobilisation: both financial and human capital are needed as inputs to 
activities within the innovation system. 

7 Creation of legitimacy/counteracting resistance to change: the technology has to 
become part of the incumbent regime or even overthrow it. 

Figure 1 Technological innovation system and interactions (shown by the arrows) with the multi-
level framework (Kemp, Schot and Hoogma, 1998, p.612) (see online version for 
colours) 

 

Markard and Truffer (2008a) did not differentiate between the levels on which the 
various functions should be performed. However, in the proposed AMSIT method, we do 
explicitly link the MLF levels and the functions of the TIS. To facilitate a technological 
transition, each function should be fulfilled by one of the actors in the TIS. However, 
network actors are not always supportive of a technological innovation (Bergek et al., 
2008); therefore, it is important to map the network actors and their potential control over 
the key functions in a TIS. The likelihood that network actors in the TIS will actually 
fulfil one or more of the key activities depends to a large extent on their perceptions of 
the innovation’s cost-benefit ratio and the degree of change which can be predicted using 
the hypercube of innovation (Afuah and Bahram, 1995) which is explained in the next 
subsection. 
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2.3 The hypercube of innovation 

The hypercube model helps to evaluate innovations in terms of the impact of those 
innovations on the competence and assets of all the members of the innovation value-
added network (Afuah and Bahram, 1995). An innovation which is considered 
incremental on the manufacturer level might well appear radical on the customer level 
(Afuah and Bahram, 1995). This will have consequences for its adoption (Afuah and 
Bahram, 1995; Rogers, 2010). The way an innovation will be perceived can be estimated 
by measuring the impact of the innovation. A radical innovation can be less favourable 
than an incremental innovation as it represents a drastic departure from the existing core 
concepts and the linkages within the existing product system. An innovation’s degree of 
change can be categorised as radical, incremental, modular or architectural (Afuah and 
Bahram, 1995; Henderson and Clark, 1990):  

1 Incremental: The existing core concepts are reinforced while the linkages remain 
unchanged. 

2 Modular: The existing core concepts are overturned while the linkages remain 
unchanged. 

3 Architectural: The existing core concepts are reinforced while the linkages between 
them are changed. 

4 Radical: Both the existing core concepts and the linkages between them are 
overturned. 

The degree of change, represented in the hypercube, can best be explained by focusing on 
the extreme cases: radical versus incremental innovations. Incremental innovations occur 
on an evolutionary basis and so fit easily within the existing sociotechnical regime. A 
radical innovation overturns the underlying core concepts of the components and the 
linkages between those concepts and components. Such radical changes do not fit with 
the established technological regime. Between these two extremes, there are architectural 
and modular innovations. These innovations are less disruptive than radical ones since 
these change either the internal working concepts of components or the linkages between 
them. Still prior empirical studies indicate that for incumbent firms it can be very hard to 
succeed at architectural innovation (Henderson and Clark, 1990). Alongside the type of 
innovation, the value-proposition of the innovation is an important criterion to take into 
account. An innovation’s cost-benefit ratio quantifies the degree to which possible losses, 
incurred as a result of destroying a positive network of competence externalities, are 
compensated by the benefits (Markard and Truffer, 2006; Tidd and Bessant, 2011). 
Although the overall cost-benefit ratio for a whole network of actors may show benefits 
outweighing costs, this is not necessarily the case for each individual actor in the network 
(Markard and Truffer, 2006). When the costs to an actor outweigh the benefits, an 
individual actor might well act against the proposed system innovation (Dhanaraj and 
Parkhe, 2006). A ‘fair’ allocation of costs and benefits helps ensure a stable network 
which supports processes that provide benefits to the network as a whole. The perceived 
cost and benefits can differ from actor to actor and include, for example, return on 
investments, additional investment in learning and/or new production facilities, changing 
product or service quality, obsolescence or strengthening of the employees’ skills and 
improvement or loss in network externalities (Afuah and Bahram, 1995). 
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2.4 Constructing the AMSIT 

We have combined the three different frameworks discussed in the previous subsections 
to create the AMSIT which is illustrated in Figure 2. This framework covers the three 
levels of the MLF: the niche, the sociotechnical regime and the landscape. At the niche 
and sociotechnical regime level, various actors are identified that are involved in different 
key functions of the TIS. We combine the MLF and TIS as both frameworks have 
complementary strengths and weaknesses. A strength of the MLF is that it explains 
transition processes by focusing on three distinct levels and that it leaves room for 
external influences that are part of the landscape level (Geels and Schot, 2007). However, 
the MLF is less informative on the specific roles of the different actors within the 
different levels. This complicates operationalisation and use of the concept. The inward-
oriented TIS addresses this shortcoming by its framework of complementary structural 
and functional analyses (Bergek et al., 2008; Markard and Truffer, 2008b). It reaches 
beyond the processes in the niche level with clear and elaborated descriptions of the 
different functions in the TIS and the way this system should be applied. Within this 
structure, it deals with the interaction between actors. In sum, the MLF is complemented 
with the structured and functional TIS, while the inward-oriented TIS is complemented 
by the MLF’s inclusion of external dynamics of the regime and exogenous factors from 
the landscape level. To assess the likelihood that each actor fulfils their relevant function, 
we map their perceptions of the innovation in terms of the type of innovation and the 
expected cost-benefit ratio. Together, this information provides an opportunity to assess 
system innovations and transitions at an early stage and to identify the most likely 
transition paths. Plausible transition paths are represented by the full and dashed lines in 
Figure 2. For each level, we will now explain the steps involved in the AMSIT. 

Figure 2 The assessment model for system innovation and transition (AMSIT) 
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2.4.1 The micro-level in AMSIT: the niche 
A niche innovation could be incremental, modular, architectural or radical. Each type of 
innovation represents a certain degree of change to the sociotechnical regime (Markard 
and Truffer, 2006). Establishing the degree of change is important since a limited degree 
of change does not require a niche or a regime shift. On the other hand, an innovation 
which involves a high degree of change often does not materialise without first a niche 
being created or by it being adopted by the established regime. Therefore, the need for a 
regime shift and the required change in the sociotechnical regime can be established from 
the degree of change involved with the innovation. This degree of change can be 
classified in terms of whether it overturns the existing knowledge of core concepts and 
components, and the linkages between those concepts and components. 

A niche is almost always created by entrepreneurs and institutions in response to an 
innovation. Entrepreneurs initiate activities because they believe in the innovation’s 
potential, and one of the first steps is to set up a niche with allied actors and institutions 
on board. This involves the first function of the TIS: entrepreneurial activities (Markard 
and Truffer, 2008b). Innovation also requires knowledge development, which is the 
second function of the TIS. Both functions occur within the niche since they need the 
protection this provides. Before trying to introduce a system innovation, it is useful to 
assess the potential impact of the innovation on the various actors within the TIS. If the 
innovation provides sufficient additional value over the current system, it becomes 
worthwhile to initiate changes in this system. If not, the innovation will probably not be 
adopted (Rogers, 2010). Launching the innovation from the niche into the established 
regime is facilitated by the third function of the TIS: knowledge diffusion through 
networks (Markard and Truffer, 2008b). This function is part of the interface between the 
niche and the sociotechnical regime. The four other functions are also part of this 
interface and are performed by actors from both the niche level and the sociotechnical 
regime as they interact through the interface. Thereby, the interface can be defined as the 
joint activities of actors from both the niche and the sociotechnical regime, concerning 
functions from the TIS. These functions, as well as the degree of change for the various 
actors, define the niche level and to an extent the interface between the niche and the 
sociotechnical regime. A completed version of Table 1 provides a clear insight into  
the actors, the degree of change involved and the extent to which the relevant functions of 
the TIS are being fulfilled. However, such an insight will not be useful unless it is placed 
in the context provided by the framework’s three levels. As such, the present insight fails 
to suggest plausible transition paths or enable an assessment of the AMSIT’s niche. 
Nevertheless, it does provide insight into the niche required to assess the full context of 
any plausible transitions. 

Table 1 Possible niche factors 

 Type of innovation Functions of the technological innovation system performed 
(the third is partially carried out in the interface) 

Actor(s) Radical 
Architectural 
Modular 
Incremental 

1. Entrepreneurial activities 
2. Knowledge development 
3. Knowledge diffusion through networks partially 



   

 

   

   
 

   

   

 

   

   194 M.W. Bos et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

2.4.2 The meso-level in AMSIT: the sociotechnical regime 
The sociotechnical regime, also referred to as the system, can be described in terms of 
networks of actors and by several dimensions (Hekkert et al., 2007). These dimensions, 
as shown in Table 2, all involve the actors established in the sociotechnical regime. As 
such, they are also expected to perform several functions in the TIS. While the actors 
normally perform a specific function through which they define certain dimensions, they 
are also influenced by the already established definitions of these dimensions. 

Table 2 Factors in the sociotechnical regime 

 

Actor specifics in the 
sociotechnical system 

Proposed function 
to stimulate 
innovation 

Likelihood that actor fulfils the 
proposed function 

Role of the 
actors 

Dimension in 
system 

TIS function (three 
to six are partially 
in the interface) 

Perceived 
innovation type 

Value of 
innovation 
(cost-benefit 
ratio) 

Actor(s) Financial 
network 
Research 
network 
Producer 
network 
Suppliers 
User groups 
Societal 
groups 
Public 
authorities 

Technology 
User practices 
Application 
domains 
Symbolic 
meaning of 
technology 
Infrastructure 
Industry structure 

Policy 
Techno-scientific 
knowledge 

3. Knowledge 
diffusion through 
networks  

4. Guiding the 
search 

5. Market formation 

6. Resource 
mobilisation 

7. Creating 
legitimacy and 
counteracting 
resistance to 
change 

1. Radical 
2. Architectural 
3. Modular  

4. Incremental 

Qualitative 
expression of 
the long-term 
value-
proposition and 
the impact on 
existing assets 
and activities 

The way in which they perform this function, and might therefore define the involved 
dimension, depends on the innovation and the way the innovation would affect them 
personally and its function in the network. In fulfilling functions of the TIS, the 
established dimensions can be redefined. The functions of actors within the regime’s 
multi-actor network may influence the way the actors execute the function in which they 
are involved in the TIS. Since Functions 3–7 (see below) of the TIS are all active in the 
interface between the niche and the regime levels, these will depend on actors from both 
levels. 

The functions within the interface between the micro-level and the meso-level are as 
follows:  

• Knowledge diffusion through networks (Function 3 of the TIS). 

• Guidance of the search (Function 4 of the TIS). 

• Market formation (Function 5 of the TIS). 

• Resources mobilisation (Function 6 of the TIS). 
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Furthermore, the following function is within the system but active in the interface: 

• Creation of legitimacy/counteracting resistance to change (Function 7 of the TIS). 

The way an innovation is perceived by the actors in the network influences the likelihood 
that each actor will fulfil a function of the TIS, how, and whether this will redefine the 
key dimensions and maybe also influence the innovation’s perceived value-proposition. 
For example, a radical innovation may involve large investments and for that reason an 
actor might resist adoption. However, a fair allocation of costs and benefits may ensure 
network stability and the likelihood that actors fulfil their required function. The way 
actors perceive the cost and benefits depends on the innovations’ impact on the existing 
assets or activities of the involved actors (Afuah and Bahram, 1995). This impact may 
differ from actor to actor and can be identified using both qualitative and quantitative 
data. These data can be collected using, for example, interviewing the involved actors, 
but also using other data sources such as industry reports or expert views. For example, 
for a customer an important determinant for adoption of the innovation is whether the 
innovation is compatible with complementary products that the customer has already in 
use. While for a supplier, the possible impact of a system innovation may range from 
enhancing or destroying the supplier’s existing design and manufacturing knowledge 
which could affect the likelihood of fulfilling the supplier’s required function. 

As noted earlier, an innovation can be experienced in various ways. Afuah and 
Bahram’s (1995) reasoning suggests that a radical innovation will cost more than an 
incremental innovation. This seems logical when considering just the moment of 
implementation. For example, the costs incurred in discarding skills and the 
complementary values of existing products when introducing a radical innovation are 
likely to far outweigh the losses associated with an incremental innovation (Carlsson and 
Stankiewicz, 1991). Nevertheless, while a radical innovation may initially destroy the 
value of existing concepts, it could, in the long term, provide greater value by possibly 
addressing one or more weaknesses of the established concepts (Hekkert et al., 2007). As 
such, a radical innovation that addresses weaknesses in the current concepts may 
eventually provide greater benefits than an incremental innovation. That is, while a 
radical innovation might initially overthrow existing concepts and linkages, and therefore 
seem radical and costly, in the long term it can be part of a punctuated equilibrium 
(Gersick, 1991). Given these requirements, a radical innovation requires the ‘shared 
responsibility’ of the actors in the sociotechnical regime. Sharing the responsibility will 
also involve a shared value-proposition. 

A structured display of the possible content of the sociotechnical regime is provided 
in Table 2. From the actors’ roles and how these define the system, one can establish the 
TIS function that an actor is likely to fulfil. The way actors perceive the innovation, 
together with their expected cost-benefit ratios, will determine whether these actors are 
likely to fulfil their function and so stimulate the innovation. The insights so far obtained 
illustrate the sociotechnical regime. However, since the regime is also influenced by 
landscape factors, we require more information before we can construct plausible 
transition paths. This is only possible when the niche, the sociotechnical regime and the 
landscape of the AMSIT are considered in each other’s context. 
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2.4.3 The macro-level in AMSIT: the landscape 
The landscape level contains the passive restrictions and driving forces that exert inertial 
pressures on the sociotechnical regime. These restrictions are factors that cannot or at 
most in the long term, be influenced by actors as exist in the system. However, in times 
of crises, the landscape level might rapidly change due to fast system innovation. This 
might also occur in the other way around. 

The proposed innovation acts as a driving force on those restrictions in an attempt to 
make them support the regime. While the restrictions will generally support the 
established regime, a changing landscape could also provide support for a shift in the 
regime. As an example, finite oil reserves and climate changes due to CO2 emissions 
strongly support the development of alternative energy sources. In addition to 
determining the established passive restrictions and driving forces, one must also 
determine what needs to be changed about the passive restrictions and driving to enable 
them to support the innovative system. Therefore, it is possible that changing the 
landscape factors may also require changes to the regime. Since the description of the 
landscape might be considered abstract, Table 3 lists the examples of factors that could 
be used in mapping the landscape. These factors were determined in the case study, but 
due to their generic character, these are included here to clarify the content of the 
landscape. 

Table 3 Possible landscape factors 

Passive restrictions/driving forces exerted 
Changes demanded of the passive restrictions (to 
support an innovative regime) 

Demographic factors Adjustments to demographical factors 

(Macro)economic factors  Adjustments to (macro)economic factors 

Environmental factors Adjustments to environmental factors 

Geographical factors Adjustments to geographical factors 

Societal factors Adjustments to societal factors 

2.4.4 Establishing transition paths 
The above-mentioned three tables provide illustrations of the niche, the sociotechnical 
regime and the landscape of an innovation. However, independently, these do not fully 
explain the relationships between the various factors and the possible transition paths. For 
this, the tables have to be placed in a framework as shown in Figure 3. This model can be 
used to develop and ex ante assess the system innovation that not only faces challenges at 
the niche in which it operates, but also factors related to the sociotechnical regime and the 
(political and societal) landscape in which the niche is located. This is in the model 
manifested by the ‘staircase’ form taken by the three levels of development. 
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Figure 3 Combining the tables in a multi-level framework 

 

The contents of the niche and the sociotechnical regime tables provide specifics on the 
various actors involved who all have a specific role, define a dimension, or maybe fulfil a 
certain function in the TIS, and who will perceive and value an innovation differently. As 
shown in Figure 4, by placing these factors in the multi-actor network, these actors 
provide one or more possible paths for the innovation. 

Figure 4 Possible paths within a transition 
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In addition to the paths that imply a transition, there are also possible paths that lead to 
‘failure’. The model should be understood to depict different degrees of development and 
inbuilt challenges at the ‘niche’ level, but success or failure also depends upon 
circumstances that are related to ‘sociotechnical regime’ and ‘landscape’, For example, 
while an innovation could fail to breakthrough in the sociotechnological regime, it is also 
possible that it is not adopted in the regime due to incomplete performed functions of the 
TIS. The failure is possible on different levels in the AMSIT model. Possible paths that 
involve a breakthrough in the regime are dependent on characteristics of the factors that 
are part of the multi-actor networks as well as on the pressure(s) exerted by the 
landscape. Of the possible transition paths, the most likely could be determined based on 
how radical the innovation is perceived to be and its value. Furthermore, the reason 
behind the established factors provides insight into the critical issues and possibly how 
these might be resolved. This information can be used to provide recommendations 
concerning a plausible successful transition path. Having proposed a method, we will 
apply the method to a system innovation involving the Dutch railway system. 

3 Illustration: an innovation on the Dutch railway network 

The following illustration serves to explore the usability of the AMSIT in a possible 
transition involving an innovation in the Dutch railway network. In this illustration, of a 
singular case‐study (Yin, 1994) the authors of this paper collected, analysed and 
interpreted the required information. However, any person with advising skills and an 
adequate level of knowledge on transition theory and innovation systems can fulfil this 
role. Therefore, external advisors or, for example, policy makers could be selected to 
guide this process in applying the AMSIT. 

Now we will turn to the different steps we set in applying the AMSIT. First, we 
identified the relevant actors using a snowball sampling technique (Verschuren and 
Doorewaard, 2007; Yin, 1994) where known actors were asked to share information and 
connections to other relevant contacts. 

Second, the relevant information within the AMSIT were collected among these 
actors. As the sample build up, enough data were gathered to be useful for our 
assessment. The relevance, reliability and validity of this information were established by 
a cross-analysis of the multiple data sources. These sources included among others, 
interview data, documents and archival records2 which were obtained by desk research 
and railway experts. In total, fourteen semi-structured interviews were conducted among 
representative actors to complete Tables 1–3. During each interview, the AMSIT was 
explained and predetermined questions were asked on the three different levels within the 
AMSIT (Verschuren and Doorewaard, 2007; Yin, 1994). For example, the interviewees 
were asked to clarify their role in the rail sector and which sociotechnical dimensions 
they could identify (Geels, 2002). Other questions focused on how they perceive the 
innovation from their individual perspective and from the regime’s perspective, how this 
affects the innovations value-proposition and whether the value is fairly distributed 
among the involved actors, and what factors are likely to facilitate or impede a 
breakthrough of the innovation. Next to that, each interviewee was asked which 
landscape factors affect the Dutch railways. Finally, the interviewees were given the 
opportunity to address additional subjects and they were asked to reflect on the list of 
identified actors. 
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Third, using the Delphi method (Dalkey, 1969), the content of Tables 1–3 was refined 
and the possible transition paths were drawn. In follow-up meetings with the 
interviewees, the findings including the possible and most likely transition paths were 
discussed and final conclusions were drawn. In this application of the AMSIT, an 
illustration is provided into both the possible transition concerning the Dutch railway 
system and the usability of the developed method. 

The innovation concerning the Dutch railways involves a shift to a system which 
facilitates greater sustainability in rail transportation. Sustainable transportation is an 
important issue given the effects of CO2 emission on climate change. This involves a 
search for sustainable transportation modes that reduce pollution, ideally to a 
zero‐emission situation. One of the most sustainable ways to transport goods these days is 
by rail. Although trains are powered by electricity, which is already a relatively clean 
power source, the rail sector is making large efforts to become even more sustainable. 
Using less energy not only reduces CO2 emissions, but it also has financial advantages. 

Reducing electricity losses in the infrastructure is an effective way to improve the 
energy efficiency of the railway system. One way to achieve this is to increase the 
voltage in the overhead wires since this will decrease the losses. In addition, with an 
increased voltage, it is possible to recover energy from breaking. Furthermore, increasing 
the voltage in the overhead wires also increases the capacity of the infrastructure. This 
reduces the need to build additional capacity, which would inevitably cause further 
pollution. An increase in capacity is required to support what is seen as the most 
sustainable means of transportation, and this also has a direct effect on mobility. Mobility 
is important for economic and societal development. An increased voltage in the 
overhead wires can help to solve capacity problems by allowing and facilitating a higher 
capacity on the railway infrastructure. Overall, a higher voltage in the overhead wires 
clearly provides advantages. A migration to an increased voltage of up to 25 kV DC has 
been discussed by several actors, but a decision has been postponed since the adaption of 
a new system is considered problematic in terms of financial, technical, exploitation and 
organisational issues. One problem is that the current substations and trains do not 
support an increased voltage. This means that the transition from 1.5 kV DC to, for 
example, 3 kV DC would amount to a large, nationwide innovation of the current system. 
As an illustration of our AMSIT method, it is used to assess a system innovation and 
transition in the railway industry. 

3.1 The niche 

The assessment of this possible transition starts in the niche. The niche contains those 
actors and specific departments that have undertaken entrepreneurial activities, developed 
knowledge and diffused knowledge through networks. The activities and this knowledge 
included all related to the considered innovation. Before elaborating on these actors and 
the functions they fulfil in the niche, it is helpful to explain the innovation and its impact 
on the system. 

The innovation developed in the niche involves migrating to an increased voltage in 
the overhead wires of the Dutch railway system from 1.5 to 3 kV DC. Already, 3 kV DC 
electrified networks exist in over half of Europe. Therefore, a system operating at 3 kV 
DC is not an innovation, but migrating to the increased voltage in the Netherlands would 
be. A system operating at 3 kV DC could be achieved by making changes to the existing 
technological concepts and the linkages between those concepts (e.g. engines, 
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substations, safety systems which support the increased voltage). As such, a transition to 
3 kV DC involves add-ons to the established system rather than revolutionary changes. 
All the necessary changes involved in the proposed transition to 3 kV DC can be classed 
as symbiotic innovations (Geels, 2002) that together innovate and thereby adjust the 
established system to the proposed 3 kV DC system. 

In the niche, several actors will work on this proposed migration. These actors 
involve a specific department of the responsible ministry, the infrastructure manager and 
the principal passenger operator. These actors are directly involved in the possible 
transition and, next to these actors, there are two groups of actors that are indirectly 
involved: consultancy/research institutions and suppliers. By working on new 
technologies, ways to exploit these new technologies and challenges concerning the 
exploitation of railway transportation, these can develop and diffuse knowledge, but they 
have no direct influence over the possible transition. Several actors and specific 
departments have undertaken entrepreneurial activities, developed knowledge and 
diffused knowledge in the process concerned with a migration to an increased voltage. 
Thereby, one can think of researching the possibilities for the proposed innovation on a 
technological level, the development of required technology, high-level plans for 
implementation and exploitation, calculations concerning return on investment. In 
addition, all the mentioned knowledge is diffused among relevant stakeholders. However, 
interviews with niche actors, and an analysis of relevant documents and archival records, 
indicate that not all the necessary knowledge was developed. The knowledge that was 
developed was well diffused. 

Using the AMSIT involves creating, on every level, a table from which the content of 
that level can be established. Thus, for the niche level, the type of innovation and the TIS 
functions performed by each actor should be established. Table 4 provides this 
information for the relevant niche. 

Table 4 The niche contents in the Dutch railways innovation 

 Type of innovation 
Functions of the technological innovation 
system (TIS) performed 

Consultancy/research 
institutions 

Partly architectural 
Partly modular 

1. Entrepreneurial activities 
2. Knowledge development 
3. Knowledge diffusion through networks 

Infrastructure manager Partly modular 
Partly architectural 

1. Entrepreneurial activities 
2. Knowledge development 
3. Knowledge diffusion through networks 

Principal passenger operator Partly modular 
Partly architectural 

1. Entrepreneurial activities 
2. Knowledge development 
3. Knowledge diffusion through networks 

Responsible ministry (a 
specific department) 

Modular 2. Knowledge development 
3. Knowledge diffusion through networks 

Suppliers Architectural 2. Knowledge development 

As can be seen in Table 4, none of the actors perceived the innovation as incremental or 
radical, but as somewhere in between. The innovation is perceived as least radical by the 
specific department of the responsible ministry (perceived as modular since this 
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department focuses only the technological innovations required for increasing the voltage 
in the overhead wires), and most radical by the suppliers (perceived as architectural, due 
to the changes in the existing technological concepts and the linkages between those 
concepts which are developed by these suppliers). The actors with a significant influence 
on the decision-making are related in the sense that they are all part of an organisation to 
be found within an institutional triangle (the responsible ministry, the infrastructure 
manager and the operators). This indicates that these actors are strongly related to, and 
dependent upon, each other, implying that an innovative breakthrough in the system 
could only be achieved by the combined efforts of all these actors with their shared 
knowledge and visions. 

3.2 The sociotechnical regime 

The sociotechnical regime is populated by a multi-actor network. With some actors, it is 
easy to establish that they are not involved in the proposed innovation, whereas the 
relevance of others maybe more difficult to establish. For example, the proposed 
innovation may have a large impact on the transport operators who use the railway. 
However, the present transport operators mainly use diesel-powered or dual/multi-voltage 
rolling stock. Since this rolling stock would not require conversion in the event of a 
voltage increase to 3 kV DC, the transport operators can be classified as non-relevant 
actors here. The same is true for the European Commission in terms of its policies related 
to this topic since these support both the established system and the proposed innovative 
system. Consequently, the number of actors can be reduced to those who are directly 
relevant and who will form the backbone of any plausible transition paths established. 

The actors in the multi-actor network have specific roles in the sociotechnical regime 
through which they define certain key dimensions. Directly relevant in this matter are the 
responsible ministry (defining policy, the industry structure and the symbolic meaning of 
technology), the principal passenger operator (defining the technology by the used rolling 
stock, user practices as are part of the exploitation of the railway transportation and 
techno-scientific knowledge concerning the used technologies) and the infrastructure 
manager (defining technology concerning, e.g. energy supply, safety systems and track 
specifications, user practices in the exploitation of the railway network, infrastructure and 
techno-scientific knowledge). These actors are highly dependent on each other. For 
example, the policy and the industry structure, which are defined by the responsible 
ministry, also affect the activities of other actors in the system. Furthermore, some of the 
actors jointly define some of the dimensions. Technology, for example, is defined by the 
three actors together. Such dimensions can only be changed by the combined efforts of 
the involved actors, and changes would otherwise be worthless or even 
counterproductive. For example, converting all the rolling stock would not provide a 
benefit if the infrastructure manager did not convert the substations, or vice versa. 

The actors as part of the regime fulfil certain functions of the TIS and so stimulate the 
innovation. Since this system is based on the institutional triangle (i.e. the responsible 
ministry, the infrastructure manager and the operators), fulfilling these functions is 
largely a shared responsibility. However, given the different roles of the actors in the 
system, each actor will fulfil these functions in a different way. Given the structure of  
the industry, a large part of the resources required by the infrastructure manager and the 
principal passenger operator would be provided by the responsible ministry. 
Consequently, the ministry holds a key position. Another function in which the ministry 
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is involved is creating legitimacy: as a public authority, it has to consider the effects on 
society and how the innovation would be perceived. 

Along with the value of a proposed innovation, how it is perceived also influences the 
likelihood that an actor will fulfil its TIS functions. In this example, the responsible 
ministry perceived the innovation to be radical due to its financial, technological, 
exploitative and organisational characteristics. Furthermore, the proposed innovation has 
a negative value to the responsible ministry. The other two major actors also perceived 
the innovation as radical due to the extent of the implications and operations involved, 
such as the operational difficulties in exploiting the system during the migration to the 
higher voltage. However, the perceived values differ. To the infrastructure manager, the 
proposed innovation has a negative financial value. However, the innovation would 
provide a more robust rail network, and this is desirable. In the long term, this might 
provide financial advantages, but these are uncertain. For the principal passenger 
operator, the innovation would require a large initial investment although it would lead to 
a considerable reduction in energy costs. All the actors, their specific attributes, their 
proposed roles in the TIS and the likelihood that they fulfil these functions are captured 
in Table 5 as part of the AMSIT. 
Table 5 The content of the sociotechnical regime (system) of the Dutch railways 

 

Actor specifics in the 
sociotechnical system 

Proposed function in 
stimulating innovation 

Likelihood of actor fulfilling 
proposed function 

Role of the 
actor 

Dimension in 
system Role in the TIS 

Perceived 
innovation type 

Value of 
innovation 
(cost-benefit) 

European 
commission 

Public 
authority 

Policy 4. Guidance of the 
search  

Incremental: 
since it would be 
a relatively 
minor change 

Positive: 
interoperability 
will increase 

Responsible 
ministry  

Public 
authority 

Industry 
structure 

Policy 

Symbolic 
meaning of 
technology 

3. Knowledge diffusion 
through networks: 

4. Guidance of the 
search 

5. Market formation 

6. Resources 
mobilization 

7. Creating 
legitimacy/counteracting 
resistance to change 

Radical: since it 
is perceived to 
be financially, 
technically, 
exploitatively 
and 
organizationally 
problematic 

Negative: large 
investments 
required. 
Technically, 
exploitatively 
and 
organizationally 
problematic 

National 
infrastructure 
manager 

Infrastructure 
manager 

Infrastructure

Technology 

Techno-
scientific 
knowledge 

User 
practices 

3. Knowledge diffusion 
through networks 

4. Guiding the search 

6. Resource 
mobilization 

7. Creating 
legitimacy/counteracting 
resistance 

The 
technological 
implications are 
at most 
incremental, 
whereas the 
innovation of the 
system is quite 
radical 

Neutral: 
improving the 
infrastructure 
has a positive 
value, but the 
financial value 
is negative 
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Table 5 The content of the sociotechnical regime (system) of the Dutch railways (continued) 

 

Actor specifics in the 
sociotechnical system 

Proposed function in 
stimulating innovation 

Likelihood of actor fulfilling 
proposed function 

Role of the 
actor 

Dimension in 
system Role in the TIS 

Perceived 
innovation type 

Value of 
innovation 
(cost-benefit) 

Transport 
operator 

Operators 
(user groups) 

Technology 

User 
practices 

5. Market formation Incremental: 
most of the 
rolling stock is 
dual/multi-
voltage or diesel-
powered 

Unknown: the 
economic 
advantage of the 
possibility of 
larger and 
heavier trains is 
unknown 

Principal 
passenger 
operator 

Operators 
(user groups) 

Technology 

Techno-
scientific 
knowledge 

User 
practices 

3. Knowledge diffusion 
through networks 

4. Guiding the search 

6. Resource 
mobilization 

7. Creating 
legitimacy/counteracting 
resistance 

Radical: while 
the technological 
change is only 
incremental, the 
effects on 
operations will 
be large 

Depends on 
compensation 
provided. The 
advantages 
provide a 
positive value, 
but the 
investment is 
not supported 
by the principal 
passenger 
operator as part 
of its own 
strategy 

In this innovation, none of the key functions of the TIS are fulfilled. Since the 
development and the diffusion of knowledge (the second and third functions of the TIS) 
are incomplete, the innovation still needs space for incubation as provided by the niche. 
The extent to which the various actors would fulfil the required functions is determined 
by how the actors perceive the innovation and the value-proposition for themselves. As 
can be seen in Table 5, the relevant actors directly involved perceive the innovation as 
radical. Furthermore, there is no obviously positive value, and when it comes to finance it 
seems mostly negative. This is partly a reflection of the passive restrictions and driving 
forces on the system - the so-called landscape factors. 

3.3 The landscape 

The landscape consists of those factors that exert pressure on the system. These factors 
cannot, or at best only in the longer term, be influenced by the actors in the system. If an 
innovation requires a short-term change in a landscape factor, then a system innovation 
might well not occur. Important landscape factors identified in migrating to a higher 
voltage are demography, macroeconomic developments, the environment, geography and 
society. 

Demography is an important factor since it can influence the demand for mobility, 
and conversely the level of mobility might in the longer term have effects on 
demography. The latter effect reflects the concept of constant travel time budgets; that is, 
that people accept a certain travelling time, rather than a maximum distance (Hupkes, 
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1977; van Wee, Rietveld and Meurs, 2006). Thus, commuters will be willing to travel 
longer distances providing the travelling time remains the same. Constant travel time 
budgets in combination with increased mobility may change demography. 
(Macro)economic developments can have a strong influence on mobility: economic 
welfare can demand increased mobility which, in turn, can stimulate economic welfare. 
The effects of (macro)economic developments on the investment climate should also be 
considered since the willingness to make large investments in a system innovation in 
times of economic crises is likely to be lower than in periods of economic growth. When 
it comes to environmental issues, there is a growing desire for sustainable transportation. 
Existing transport modes mostly use polluting engines that consume scarce natural 
resources. The need to reduce pollution and to cope with the increasing scarcity of 
resources puts pressure on the current system to change. The Netherlands, strategically 
situated in Europe, has one of the largest harbours in the world that is accessible by rail, 
road and three major European rivers. This geography is an important landscape factor. 
Furthermore, public transportation has an important societal function with about 7% of 
the Dutch population commuting daily using the public railway network. This mobility is 
a necessary condition for economic and societal development. This need for mobility 
provides an impetus for a modal shift (from one means of transport to another) that 
reduces or avoids traffic congestion. One can say that Dutch society demands a well-
organised, safe and structured public transport system (of which the passenger railway 
system is part). 

In terms of the environmental factor, the proposed system innovation not only 
demands but also forces change. For example, the improved energy efficiency implies 
less CO2 emission. The demographic and geographical factors put pressure on the current 
regime, but these factors could change due to the effects of the innovative system, such as 
if increased mobility and reduced travel times lead to demographic changes. An 
economic factor is that the innovation would require economic support in the form of 
large investments and significant payback periods. The increased mobility provided by 
the innovation would both demand and support evolvement of the societal landscape 
factor. 

Table 6 shows the landscape level. Note that the demanded changes are based on the 
requirements of the regime surrounding the possible innovation. 

Table 6 The content of the landscape in the case of the Dutch railway innovation 

Exerted passive restrictions/driving forces Changes demanded to passive restrictions/driving 
forces (to support the innovated regime) 

Demographic factors (e.g. mobility in 
specific areas) 

Adjusted demographic factors (e.g. spatial 
development and mobility) 

(Macro)economic factors (e.g. economic 
pressure/crises) 

Adjusted (macro)economic factors (e.g. 
supportive investment climate) 

Environmental factors (e.g. climate change, 
need to reduce CO2 emissions) 

Adjusted environmental factors (e.g. scarce 
natural resources, improved climate) 

Geographic factors (e.g. position of the 
Netherlands in Europe/World) 

Adjusted geographic factors (e.g. growing 
importance of the situation of the Netherlands) 

Societal factors (e.g. society requires 
mobility) 

Adjusted societal factors (e.g. improved mobility 
due to changes in demographics and population 
density)  
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3.4 Possible transition paths 

The three tables above provide insight into the niche, the sociotechnical regime and the 
landscape of the proposed innovation. To provide further insight into the relationships 
among the various factors and possible transition paths, they are combined in the AMSIT 
as shown in Figure 5. 

Figure 5 Combining levels in the AMSIT for the proposed Dutch railway innovation 

 
*Only specific departments of these actors were involved 

The information collected in the case study related to the functions fulfilled, the roles of 
actors, the dimensions in the system, the innovation types, the value-propositions and 
issues involving landscape factors enable us to establish possible transition paths. A 
transition could occur under the condition that switching to 3 kV DC supports a more 
intensive use of the Dutch railway network. For this transition to take place, the 
responsible ministry needs to change its policy and provide additional funds to the 
infrastructure manager and the principal passenger operator. This might be justified as 
part of a long‐term strategy to address identified landscape factors. 

In this situation, various trajectories are plausible, including a transition through the 
use of corridors. Here, specified rail routes, which form corridors between two or more 
locations, are sequentially addressed. This would allow the immediate use of the 
advantages provided by a 3 kV DC system on the specific corridor. The conversion of a 
corridor would be strongly interrelated with the conversion of rolling stock, through the 
use of segmented fleets and specific allocations of rolling stock (currently, the rolling 
stock can be employed anywhere in the Netherlands). Furthermore, it would involve an 
increase in the number of voltage changeover sections and other adjustments which 
would significantly complicate operations (and therefore likely add to costs). A transition 
using corridors would involve investments which would rapidly depreciate as the 
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subsequent migration of other corridors would make some of the initial adjustments 
worthless (e.g. a voltage changeover section loses its value once adjacent corridors 
operate on the same voltage). 

Another possible trajectory would be a sequential transition. This could be achieved 
through gradually converting rolling stock and substations (and other required changes to 
the infrastructure). This would mean that the migration could only start in 8–10 years. 
The transition would be started with converting the rolling stock to run on both voltages, 
and after about 6 years one could start converting the substations (and the other changes 
required to the infrastructure). When everything is ready, the migration would take place. 
While this avoids the need for segmented fleets (and specific allocations of rolling stock) 
and involves relatively simple operations compared to a transition through corridors, it 
would mean that the advantages of 3 kV DC could not be gained for the next 8–10 years. 
Furthermore, the initial investments would depreciate over time, losing value before they 
were even used. Furthermore, only switching to 3 kV DC after 8–10 years would mean 
investments still had to be made in the current system. Since this would involve assets 
which normally have an operating and economic lifetime much longer than 10 years, 
significant value will be lost due to the rapid depreciation and unprofitable investments in 
these assets. 

A third possible transition path leads to failure and therefore the absence of any 
breakthrough in innovating the system. In this scenario, the niche development of the 
innovation is not supported due to macroeconomic pressure from the landscape. 
Essentially, the scenario is that, as a result of the economic crisis, the national economic 
situation is under pressure and the national government reduces its investments generally, 
including in the railway sector. It is then unlikely that additional sources will be provided 
to fund a transition to 3 kV DC. Furthermore, there is a possibility that future 
technological developments will address the aforementioned weaknesses of the 1.5 kV 
system (limited capacity, energy losses and limited energy recovery possibilities) at a 
lower cost and with less risk than the proposed innovation. Another essential requirement 
is the further development of knowledge and its diffusion, and eventually the other 
functions of the TIS. If the actors involved decide not to put further effort into knowledge 
development and diffusion, the migration will fail. 

The involved transition path towards a higher voltage ends in failure since the 
developed knowledge is incomplete and not very well diffused. The actor fulfilling the 
key position in the multi-actor network perceives the innovation as radical, with a 
negative value-proposition. The (macro)economic landscape factors put significantly 
more pressure on the system than the other factors. However, the failure of this 
innovation does not prevent future possibilities for other system innovations. 

4 Results 

The proposed AMSIT method was applied to the transition involving the possible 
migration to a higher voltage in the Dutch railway system to ex ante establish which 
scenario for a possible system innovation was most likely. It was shown that a niche 
innovation does not necessarily have to be radical in itself for it to be seen as radical for 
the system as a whole. In the situation studied, the innovation consisted of a number of 
modular and architectural innovations. The actors involved had partially fulfilled some of 
the TIS functions but they were unable to make the functions work at the interface, and 
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hence a breakthrough did not occur. An important assumption made was that the system 
is restricted by landscape factors, which were not addressed as such, with key actors 
lacking a long-term strategy. Without a future perspective and given the set of rules and 
dimensions, together with an innovation that is perceived as radical and lacking clear 
value-propositions, it seems unlikely that there will be system transition involving a 
migration to a higher voltage. 

4.1 Theoretical implications 

Often, the MLF is used to describe transitions (Hekkert et al., 2007; Geels, 2002). In this 
research, it was used as the backbone of the constructed method since the abstractness of 
the MLF makes it very suitable for this purpose. The integration of additional theories 
(TIS, hypercube of innovation, value-propositions) provided the ability to map and draw 
how a transition could or should look, suggested how one might steer a system 
innovation, and identified the (possibly missing) critical elements. On this basis, one 
could assess the likelihood of a possible transition taking place according to the possible 
transition paths. Since the theories used do not individually provide the ability to assess 
possible system innovations, the developed method can be seen as an enhancement by 
bridging the gap between the TIS and the multi-level framework as described in  
Section 2.4. 

The broad perspective provided by the MLF provides a clear insight into the 
circumstances present on all levels and thereby the likelihood of certain events occurring 
(with the (macro)economic landscape factor clearly limiting the system while the 
demographic dynamics supported a system change). The TIS proved to be a useful 
addition when trying to understand the conditions required for a purposeful innovation. 
While, in this case study, only a few functions were fulfilled, the functional perspective 
revealed useful information about the transition stage. However, no indication was 
provided as to the extent a function (for example, knowledge development and diffusion) 
was being fulfilled. Since this depends on the innovation and the circumstances involved, 
it is not possible to provide a generally valid criterion when a function is fulfilled. In the 
context of the constructed method, it would be valuable to be able to assess the extent to 
which the TIS functions are fulfilled. 

On the basis of the case studied, it appears that the AMSIT works well. Using this 
method, we were able to establish possible transition paths and determine the likelihood 
of a transition to occur according to a certain path. Thereby, we have provided an insight 
in which factors and actors support a transition according to described transition paths 
and which factors and actors need attention in case these do not support a transition path. 
The possible transition paths, concerning the studied case and the factors, actors and 
functions that determine these paths, were shown to the involved actors after the research 
was conducted. These actors and participants in the study confirmed the additional value 
of the insights as provided by the AMSIT since their current knowledge and opinion were 
based on the innovation itself, not the system innovation and transition involved. The 
different levels in the AMSIT and the multitude of perspectives included provided them 
with a richer, more complete view. Furthermore, these several interviewees indicated that 
this study contributed to the knowledge diffusion among actors is a key function of the 
TIS. However, while AMSIT worked in this case it might not always suit every system 
innovation and transition. For example, if there were more unrelated activities concerning 
the same niche innovations, or if the system was more complex and dynamic, the AMSIT 
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would probably require some adjustments and further differentiation. Therefore, it would 
be useful to apply the AMSIT to several other cases to establish if some adjustments are 
required. 

Due to the oligopolistic (almost monopolistic) character of the system studied, the 
possible trajectories all depended on specific actors. However, in a more developed 
competitive market, different actors might be able to play various roles and, therefore, 
considering network externalities might also be important. Since, in the researched case, 
the most important actors fulfil unique functions, the adoption curve is fairly linear. For 
example, the task of diffusing an innovation cannot be shared among infrastructure 
managers if there is only one. Furthermore, it seems highly unlikely that a single actor 
would migrate since migration would not provide any additional value (even worse, it 
would destroy the current value). In our situation, additional value can only be created if 
all the actors cooperate. In other transitions, this might not be the case. As observed by 
one of our respondents, there are also developments to less fuel-consuming, more 
sustainable, engines in the automotive industry. This is motivated by incentives such as 
tax advantages and focused public policies. Since these operate in a larger market, with 
many more independent privately owned actors, a measurement of the positive network 
externalities could be a very useful addition to the constructed method. 

Although the AMSIT method could be applied to the study of any innovation or 
change involving system innovation, describing how a transition might develop does not 
guarantee that an innovation will be successful or that a transition will take place as 
described. 

4.2 Managerial implications 

While the AMSIT was applied to the specific case of migrating the railway network to 
3 kV DC, it could equally be applied to other innovations that involve system innovation. 
Due to the used methodology, an unbiased advisor is required which has the right 
competences to collect, analyse and interpret the required information. This person can be 
an external advisor but may also be, for example, an expert policy maker with adequate 
level of knowledge on transition theory and innovation systems. A transition to the 
general use of electric cars or the transition to an optical glass fibre telecommunication 
network, in place of the traditional copper one, are examples of situations where the 
method could be applied. Furthermore, the innovation does not have to be radical since, 
as shown, a system innovation can be radical while the innovation is not. For example, 
with the illustrations just offered, we can observe that electric cars existed before ones 
with combustion engines, and that optical fibres have existed for over 50 years. The point 
is that how radical an innovation really is depends on how it is perceived by the actors 
within the system. Furthermore, the actors within a system fulfil certain roles, and various 
aspects determine how the various TIS functions are actually fulfilled. For example, it is 
only possible for a search to be guided when an actor has the possibility to guide a search, 
maybe through policy. Here, landscape factors can either restrict or support these 
dimensions (as when macroeconomic developments influence policies and investments). 
Overall, the likelihood of the TIS functions being adequately fulfilled appears to depend 
on how radical the innovation is perceived to be, what the perceived value-proposition is 
and the state of the landscape factors (a good economic climate might have a positive 
effect, whereas a bad economic climate might exert to negative pressure). Actors are 
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more likely to cooperate when this offers value and advantages, while not causing 
excessive interference with established operations and assets. 
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