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Abstract 

 
A firm’s ability to commercialize their technology drives economic growth of the firm. Part of this 

process is identifying a market to commercialize a technology, a process called “market scoping”. 

Stronger, managerial literature has described this process as one of the most fundamental 

marketing competences for the survival of their firms. Currently, many technologies involve high 

market ambiguity and together with the trend that products are typically developed by multiple 

organizations, the complexity of this market-scoping process is increasing. Therefore, this study 

investigates (1) how Signify can effectively engage in market scoping; and (2) what 

commercialization options Signify has for their LiFi technology in a Smart Mobility market. LiFi as 

an emerging platform technology and its high market ambiguity together with the often-complex 

Smart Mobility technology-to-market linkages as well as the uncertainty around standardization 

makes market scoping for Signify a very challenging process. By using a qualitative case study 

approach with elements of design-science we extend a market-scoping framework for emerging 

platform technologies. By testing and applying this framework in the specific context of LiFi in the 

Smart Mobility market, we identify a total of four market spaces with thirteen underlying 

technology-to-market linkages. Additional analyses on one particular technology-to-market linkage 

suggest actionable commercialization recommendations for Signify. We also recommend further 

research on the effectiveness of the framework and advise Signify to redefine their I2M process to 

differentiate between different types of technology emergence.  
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Executive summary 
A firm’s ability to commercialize their technology drives both economic growth of the firm and 

technological progress. This is one of the reasons why managerial literature described linking 

technologies with market opportunities (technology-to-market linkage) as one of the most 

fundamental marketing competences for managers in their firms. Also, finding the right market to 

commercialize a technology has proven to be one of the most challenging parts in the process of 

commercializing a technology. The complexity of commercializing technologies nowadays, is 

emphasized by the current trend that products are typically not developed by a single organization, 

but through an ecosystem with contributions of multiple actors combined. 

Finding the right market is especially difficult for emerging platform technologies involving high 

market ambiguity due to the lack of clarity about the nature, number and commercial viability of 

potential technology-to-market linkages.  

 

LiFi (Light-Fidelity), a communication technology based on rapid modulation of light, is such an 

emerging platform technology. Considering the uncertainty and wide range of opportunities, 

identifying, assessing and prioritizing market opportunities for LiFi is challenging. Of particular 

interest is the broad market of Smart Mobility, partly because of Signify’s current market share in 

public lighting that Signify could leverage to enter this market. This thesis aims to address this 

problem by answering two main research questions: (1) “What is an appropriate market-scoping 

framework for Signify?”; and (2) “What commercialization options has Signify to commercialize LiFi 

in an ambiguous Smart Mobility market?”. 

 

Theoretical analysis 

The process of technology-to-market linking has been studied before. This process is referred to 

as market scoping and contains the activities to identify market spaces: sets of technology-to-

market linkages that present new product development opportunities. The literature differentiates 

between a market ambiguity- avoidance and acceptance mindset, where an ambiguity acceptance 

mindset typically leads to higher market-scoping performance and an avoidance mindset typically 

leads to lower market-scoping performance with early-stage technologies. Herein, market 

ambiguity refers to the lack of clarity about the nature, number, and commercial viability of 

potential technology-to-market linkages. The theory has further described managerial decisions 

which typically led to higher market scoping performance outcomes. However, no known studies 

have yet implemented these theoretical implications into a practical market-scoping case. Whilst 

the type of decisions were identified, the exact steps in the process were yet to be defined. In 

addition, ecosystem literature indicated that having an overview of the existing ecosystem of a 

market helps to increase market-scoping performance. The market-scoping literature and empirics 

also suggested an assessment of market spaces to evaluate what defines a feasible market 

space, therefore opportunity evaluation was investigated. Last, given the setting of new and 

emerging technologies standardization was also identified as one of the aspects that could 

influence commercial success, hence standardization was also considered in the analysis. 

 

Methodology 

This study employed a qualitative case study approach with elements of design-science. The 

design-science elements enabled to combine empirical and theoretical research to solve this 

practical issue by using theories gathered by theoretical research and combining it with 

observations and findings from practice. In order to come to a tailored solution for Signify, design 

principles were used, these principles are ideas and propositions used to construct a tailored 

solution to the problem identified. Both a theoretical analysis and an empirical analysis that 

involved data from interviews, observations, focus groups, secondary data and data gathered at a 

conference led to the final answer to the formulated research questions.  
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Results 

Results are ordered to differentiate between the two main research questions. For the first main 

research question the Idea2Market (I2M) process of Signify was studied and integrated with 

insights from market-scoping literature. The combination of both resulted in an iterative actionable 

market-scoping framework to engage in market scoping for LiFi technology. The recommended 

framework consists out of four phases: (1) landscaping: aimed to define the ecosystem and with it 

potential upstream and downstream partners, alternative solutions in the market and a taxonomy 

of the solutions; (2) market space anchoring: the process of connecting with identified potential 

partners to identify technology-to-market linkages and to progress in maturity of the identified 

technology-to-market linkages. By defining interrelations market spaces can be defined which 

could be prioritized in the next phase of the process; (3) market space prioritization: the process of 

assessing and prioritizing feasibility of the identified market spaces through an extended 

assessment tool containing generic and standardization opportunity success factors identified in 

the theoretical and empirical analyses. Through this prioritization resources can be focused to 

further explore a selected market space in the (4) market space claiming activities. In this last 

phase the information on the technology-to-market linkages is further deepened to progress on the 

maturity grid while still aiming to establish openly defined extendable market spaces able serve 

multiple markets over time. After this phase either a Go, Hold or Kill decision is made based on the 

findings. 

 

In order to answer the second main research question, the suggested market-scoping framework 

was tested in the empirical setting at Signify. The landscaping activities resulted in a defined Smart 

Mobility landscape, including an ecosystem design and current solutions used in the market. The 

anchoring activities initially led to five market spaces with eleven technology-to-market linkages. 

The prioritization activities resulted in two clusters of technology-to-market linkages. One cluster in 

which four technology-to-market linkages were marked as having potentially significant feasibility, 

where in the other cluster technology-to-market linkages scored averagely lower on potential 

feasibility. The decision was made to continue with one technology-to-market linkage having 

highest priority by using focus groups and individual assessments. The market space claiming 

activities resulted in different insights that have led to focus on four core aspects for 

implementation. The results of the claiming activities also led to the final count of four redefined 

market spaces with thirteen underlying technology-to-market linkages: (1) Connected and 

automated driving; (2) Traffic management; (3) Railway; and (4) Last mile logistics.  

 

We suggest an implementation plan for the market space “Connected and automated driving” 

based on the inputs from the chosen technology-to-market linkage. The plan consists out of three 

main aspects: (1) “Sensitization”: creating awareness of the LiFi technology and pointed as the 

most essential step to enter the mature automotive industry; (2) “Quick wins”: commercializing LiFi 

in the already feasible market spaces or other markets; and finally (3) “Scenario planning” which 

focuses on identifying the tipping point when the bigger end-use scenarios become feasible. 

Finally we identify Strategic Niche Management as a suitable governance approach to implement 

the technology in protected spaces to further advance the technology and create the awareness 

required for the mature automotive industry. 

 

Discussion and conclusions 

This study proposed a framework to engage in market scoping for emerging platform technologies 

that can be used for future market-scoping activities with similar technologies. We suggest Signify 

to move away from their market ambiguity avoidance mindset when engaging in market-scoping 

with technologies with high market ambiguity. In order to do so, Signify should redesign their I2M 

process and differentiate between different types of technology emergence in their I2M process. 

We argue that partly due to the scarce market-scoping literature, the recommended framework 
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should be further tested, and the applicability in other firms experiencing similar market-scoping 

difficulties should be investigated. The suggested evaluation method introduced can be used in 

future market-scoping activities or in other situations in which technology-to-market linkages have 

to be evaluated. We also recommend further research to investigate the proposed evaluation 

method on its effectiveness and to investigate which factors are more decisive for opportunity 

success than others. 

 

For the commercialization of LiFi in the Smart Mobility market we identified thirteen technology-to-

market linkages. Four of those technology-to-market linkages have potentially significant 

feasibility. To confirm this we suggest to further engage in market-scoping processes with these 

identified technology-to-market linkages. To further proceed with the proposed implementation 

plan we suggest Signify to establish a team that has extensive experience in the automotive 

industry. This is mainly to address the first point on the agenda which is to define a viable 

incubation environment. Finally we recommend Signify to implement LiFi technology in the already 

feasible technology-to-market linkages (potentially also those identified in other markets than 

Smart Mobility) to further develop the technology and to create the awareness required for 

implementation of the more distant technology-to-market linkages. 

 

Validity and reliability of this study is mostly guaranteed by using the triangulation method, this 

method is about combining data from various sources into the analysis to increase reliability and 

validity and decrease the researcher’s bias. To increase validity more data sources are required, 

consequently, it is one of the reasons why we identify the time, resources and network of 

connections available as the most limiting factors in this study. 
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1. Introduction 
This thesis investigates market-scoping processes to identify the commercial opportunities Signify 

has to commercialize LiFi (Light-Fidelity), a communication technology using light waves, in the 

market of Smart Mobility. Signify, formerly known as Philips Lighting, started developing LiFi 

shortly after its introduction by Harald Haas in 2011 (Haas, Yin, Wang, & Chen, 2015; Signify, 

2018). Because LiFi is a platform technology (PureLiFi, 2019; Signify, 2019), i.e. ‘modular 

technological architectures’ (Baldwin & Woodard, 2009), it often takes a long dialogue with industry 

and market researchers to find the right application (Apax Partners, 2011). Signify is now looking 

at a broad range of markets (e.g. office, industry, aerospace) to identify commercial opportunities 

for their LiFi technology, this thesis focuses on the market of Smart Mobility: “the smart usage of 

innovative technologies and data in the realization of important mobility policy goals as categorized 

by Benevolo, Dameri and D’Auria (2016)”. This market is of particular interest, partly because of 

Signify’s current market share in public lighting that they could utilize (Signify, 2019). 

 

Linking technologies with market opportunities (a technology-to-market linkage) is what managerial 

literature describes as one of the most fundamental marketing competences for managers in their 

firms (Danneels, 2007). A technology-to-market linkage combines technological knowledge with 

information on market demand (Molner, Prabhu, & Yadav, 2019). In other words, it describes “the 

end-user domains where the technology, as embodied in a product, can be meaningfully employed 

and can create benefits for its users” (Gruber, MacMillan, & Thompson, 2008, p.2). The process of 

linking technologies with market opportunities is also referred to as market scoping (Molner et al., 

2019). This process of market scoping entails the managerial activities directed at the identification 

of market spaces: sets of technology-to-market linkages that present new product development 

opportunities for a given early-stage technology (Molner et al., 2019). Identifying the wrong market 

for a technology often leads to a waste of time and resources, a situation that managers try to 

avoid at all times (Danneels, 2007). Hence, managers are facing a challenging situation, they have 

the technology available but are experiencing both market ambiguity and market uncertainty. 

Market ambiguity refers to the lack of clarity about the nature, number, and commercial viability of 

potential technology-to-market linkages (Molner et al., 2019), market uncertainty refers to the 

challenge to predict how an identified technology-to-market linkage will perform in terms of 

demand and profitability (Santos & Eisenhardt, 2009).  

 

Another reason why the process of market scoping is important is because no firm has an 

unlimited amount of resources available, therefore firms cannot focus on all markets 

simultaneously. Managers face the challenge that they have to focus on (a) specific market(s) due 

to limited resources in order to advance the technology but they also want to stay flexible by 

considering multiple market space options (Molner et al., 2019). In conclusion, the lack of clear 

market spaces with a selection of market opportunities that managers face with their technologies 

limits them in their strategic planning capabilities for new product- and technology developments 

(Danneels, 2007; Gruber et al., 2008; Molner et al., 2019). 

 

Overall, the academic literature informed us that a firm’s ability to commercialize their technologies 

leads to economic growth of the firm and technological progress of the technology (Chandy, 

Hopstaken, Narasimhan, & Prabhu, 2006; Danneels, 2007; Gruber et al., 2008). A challenge in the 

process of commercializing innovative technologies is finding the right market space to 

commercialize them (Danneels, 2007; Molner et al., 2019). Also, ecosystem literature informed us 

that a holistic understanding of the ecosystem will help in identifying market opportunities, partly 

because nowadays products are typically not developed by a single organization, but with the 

contribution of multiple actors combined (Talmar, Walrave, Podoynitsyna, Holmström, & Romme, 

2018). 
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1.1 Problem definition 
Given the academic literature discussed above, I concluded that commercializing LiFi in the Smart 

Mobility market starts with identifying the market spaces and opportunities for the technology at 

hand. Due to the platform nature of the technology, the complex ecosystems around products and 

the different and complex market opportunities available strategic planning is confounded for new 

products and technologies, a main issue that managers and entrepreneurs are faced with in 

emerging technology firms (Danneels, 2007; Gruber et al., 2008). Indeed, Signify as well as prior 

management literature (Bilgeri & Wortmann, 2017; Chan, 2014; Dijkman, Sprenkels, Peeters, & 

Janssen, 2015; Letaifa, 2015; Palattella et al., 2016) informed us that identifying market 

opportunities in a Smart Mobility market and the IoT domain in general is complex. For instance 

management literature has described that IoT applications often require new (types of) business 

models (Bilgeri & Wortmann, 2017; Chan, 2014; Dijkman et al., 2015; Palattella et al., 2016), and 

standardization challenges of the technology (Wiegmann, de Vries, & Blind, 2017). 

This thesis therefore addressed Signify’s search for LiFi market opportunities in the Smart Mobility 

market. Up until now Signify had no explicit framework for identifying market spaces and assessing 

the feasibility and commercial viability of market spaces for their LiFi technology. Therefore, the 

aim of this thesis is to construct this framework based on both theoretical and empirical evidence. 

 

1.2 Research questions 
Based on the problem definition in the previous section, two main research questions are defined 

for this master thesis. The first question relates to the market-scoping process Signify should follow 

to effectively scope a market, the second main research question is the result of putting this 

framework into practice by testing it in the empirical setting. 

 

RQ1   What is an appropriate market-scoping framework for Signify? 

 

To answer this main research question, the following sub-questions have been formulated: 

 

SQ1.1  How is successful market scoping currently defined in scientific literature? 

 

SQ1.2  What approaches does Signify currently use for market scoping and do they 

match the recommendations of scientific literature? 

 

 

The second research question aims to solve the main problem identified at Signify, namely, to 

identify feasible commercialization options for Signify’s LiFi technology. 

 

RQ2 What commercialization options has Signify to commercialize LiFi in an ambiguous 

Smart Mobility market? 

 

To answer this main research question, the following sub-questions have been formulated: 

 

SQ2.1   How is the Smart Mobility ecosystem structured? 

 

SQ2.2   How can market spaces be identified and assessed? 

 

SQ2.3  How should standardization be considered when engaging in market 

scoping for LiFi technology?  
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1.3 Empirical setting 
The following paragraphs explain more about the background of this technology, market and 

domains of applications to be considered and the company where this thesis took place. The 

empirical setting is described in more detail in appendix A. 

 

LiFi (Light-Fidelity) is a form of data communication using light waves to communicate. As 

discussed, LiFi is a platform technology, these technologies are not developed in a linear process, 

but are innovations that can have multiple applications by integrating and combining it with other 

technologies or innovations (Apax Partners, 2011). Data communication can be done using either 

visible or invisible light (infrared). By using light to communicate, LiFi has specific properties 

making it very useful for certain applications that require an extra safety barrier, cannot use radio 

waves or need the bandwidth in situations with a high density of communication devices. These 

properties also have limiting factors, i.e. the light not penetrating optically opaque objects, and 

having a limited range. 

 

The market in the scope of this research is the market of Smart Mobility. Smart Mobility is defined 

as “the smart usage of innovative technologies and data in the realization of important mobility 

policy goals as categorized by Benevolo et al. (2016)”. These policy goals are categorized in six 

categories: 1. Reducing pollution; 2. Reducing traffic congestion; 3. Increasing people safety; 4. 

Reducing noise pollution; 5. Improving transfer speed; and 6. Reducing transfer costs. 

The domain in this thesis that most of the identified technology-to-market linkages are related to is 

the domain of the Internet of Things (IoT): connecting physical objects by equipping them with 

sensors, actuators and a means to connect them to the internet. 

 

 

1.4 Company details: Signify 
Signify, formerly known as Philips Lighting, has continued under its new name from May 16th, 2018 

(Signify, 2018). Philips Lighting did so because they witnessed a transition from light as we know it, 

towards light as an intelligent language (Signify, 2018). Signify is world leader in LED, connected 

and conventional lighting, with 2018 sales reaching EUR 6.4 billion and around 29.000 employees 

all over the world Signify is one of the main players in lighting (Signify, 2019). As Signify keeps 

innovating they became world leader in lighting for IoT, now LiFi is on its way to maturity, the aim is 

to strengthen Signify’s position even more. 

 

Signify launched their first LiFi product called Trulifi in March 2018, in 2019 Signify introduced an 

upgraded version of their first Trulifi products. Trulifi now obtains speeds up to 250 Megabits per 

second, carrying the connection over large spaces and having seamless handovers between 

different access points (Signify, 2019). Meaning it is already superior in terms of speed compared 

to many radio-based alternatives (Centenaro, Vangelista, Zanella, & Zorzi, 2016; Signify, 2019). 

The seamless handover means that LiFi is also capable in applications where the two connecting 

entities are not static, which is very common for Smart Mobility solutions (Centenaro et al., 2016). 

Signify’s current LiFi portfolio consists of indoor solutions only (Signify, 2019), this thesis will 

investigate outdoor applications for LiFi in a Smart Mobility market, of which we were informed that 

it requires significant changes for the technology to work in those applications. 

 

The internship will take place at Signify Research but addresses the market-scoping difficulties 

experienced at the LiFi venture. This venture is established two years ago and is part of the legal 

structure of Signify. The LiFi venture reports to Signify’s CTO, who also manages Signify Research 

and the other ventures that are currently active within Signify. The LiFi venture currently has 

around 30 employees and is in the middle of the phase of a planned growth from 20 to 40 

employees. Within Signify Reseach the internship will take place in the department of Value 
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Proposition Creation. The department of value propositions consist out of a small team of around 5 

employees working on finding new value propositions, among them are value propositions for the 

LiFi venture. As mentioned, the internship will focus on commercializing LiFi in the market of Smart 

Mobility specifically. 

 

1.5 Research objective and research approach 
The objective of this research was to investigate how Signify should engage in market-scoping 

activities to identify commercialization options for their LiFi technology in the market of Smart 

Mobility. This was done by developing a framework that is both based on theory and practice using 

a qualitative case study approach with elements of design-science. The iterative design-science 

approach is characterized by bridging the gap between existing scientific literature and real-life 

practices (Van Burg, Romme, Gilsing, & Reymen, 2008). Literature, interviews, focus groups, 

observations and secondary data are used in the process that combines both theory and practice 

to come to a final answer to the research question.  
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2. Theoretical analysis 
This chapter contains the theoretical analysis of market scoping for emerging platform 

technologies. Section 2.1 describes how successful market scoping is currently defined in scientific 

literature, the section identifies and discusses three main market scoping activities. In this section 

the importance of ecosystems was identified, hence section 2.2 discusses an ecosystem-view for 

market-scoping activities. Because the literature and empirics also suggested to assess feasibility 

of identified market spaces, section 2.3 of this chapter focuses on identifying what aspects define a 

feasible market space. Given the setting of new and emerging technologies, standardization was 

identified as one of the factors that could influence commercial success. Therefore standardization 

is discussed in section 2.4, in which we introduce multiple standardization elements that can be 

taken into consideration during the market-scoping process. Finally, this chapter summarizes the 

findings in section 2.5. 

 

 

2.1 Market scoping 
Market scoping is referred to as the set of managerial activities directed at the identification of 

market spaces for early-stage technologies (Molner et al., 2019). The market-scoping performance 

depends on the type of managerial decisions made during the process. The type of managerial 

decisions made depends on two main aspects: (1) the technology emergence; and (2) the market-

scoping mindset. The conceptual market-scoping model depicted in figure 1 illustrates the relations 

between the aspects. This study focuses on the market-scoping process and aims to identify the 

managerial decisions leading to higher market-scoping performance outcomes. 

 

 

 
Figure 1: Conceptual model for Market Scoping for early-stage technologies. Adapted from Molner et al. 

(2019). 
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Importantly, based on an extensive database gathered over the course of 333 months Molner et al. 

(2019) concluded that market ambiguity acceptance leads to higher market-scoping performance. 

This higher performance is characterized by four aspects: (1) higher value appropriability (extent to 

which future profits from technology commercialization can be captured by technology owners); (2) 

more technology commercialization opportunities; (3) faster initial investment; and  (4) more 

efficient resource allocation. Hence, the following paragraphs mainly focus on market ambiguity 

acceptance-based market decisions and further explain the concepts and their relations within the 

market-scoping framework for early-stage technologies. 

 

2.1.1 Technology emergence 
According to Molner et al. (2019) “early-stage technologies represent nascent scientific and/or 

technical knowledge that is postlab and partially codified. Such technologies are generally based 

on the identification of novel physical, mechanical, chemical, or biological principles that have been 

demonstrated in a laboratory setting” (p. 3). Although early-stage technologies are in their 

definition less mature than emerging (platform) technologies, the characteristics of both types of 

technologies are very similar. Molner et al. (2019) define these early-stage technologies by three 

main characteristics: (1) the technologies are often not yet patented, which is either because the 

patents are not filed or not granted yet; (2) the technologies often involve technology-push rather 

than market-pull innovations; and (3) which also forms the basis of this thesis, is that the 

boundaries of markets of early-stage technologies are ‘fungible and transcend’ (Molner et al., 

2019). This meaning that the technology can form new products by using different variations of the 

technology and combinations of the technology with technological knowledge of other domains 

(Molner et al., 2019). These three characteristics of early-stage technologies as described by 

Molner et al. (2019) are very similar to the characteristics of (emerging) platform technologies 

described by Baldwin and Woodard (2009) and Rotolo et al. (2015) (see appendix A). Finally, 

Molner et al. (2019) claim that “market scoping can thus be viewed as a part of the lengthy process 

that is involved in converting emerging technologies into commercialized new products” (p. 4). In 

conclusion, all this implies that the conceptual market scoping framework is highly relevant for any 

new or emerging technology that involves (high) market ambiguity. 

 

Generally, in today’s technology innovation management practices, technologies are mostly 

developed by a technology-push strategy, specifically early-stage technologies (Meyer-Krahmer & 

Schmoch, 1998). A technology-push strategy refers to a strategy containing activities that primarily 

focus on the technology itself, with less concern about the market demands. In other words: the 

technological innovation has been driven by technological development rather than market 

demand factors (Caetano & Amaral, 2011; Maier, Hofmann, & Brem, 2016). It can be 

characterized as a process triggered by internal or external research with the objective to 

commercialize the use of new know-how or a specific new technology. To simplify: it starts with an 

invention and ends with an application. In contrary market-pull starts with expressed customer 

needs after which the product / technology is being developed. Managers sometimes see 

technology-push as it being based on the assumption that investing more resources in R&D will 

result in successfully commercializing more successful products (Maier et al., 2016). Due to the 

technology-push origin of a technology, the technology has not been developed to serve a specific 

pre-identified market, which is therefore likely to increase the importance of market-scoping 

activities. 
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2.1.2 Market-scoping mindsets 
The market scoping framework differentiates between two market scoping mindsets: (1) a market 

ambiguity avoidance mindset; and (2) a market ambiguity acceptance mindset. This subsection will 

describe the differences between the two market scoping mindsets based on three main aspects. 

 

Molner et al. (2019) describes market ambiguity avoidance as (1) a team preferring rapid 

resolution of market ambiguity, thereby preferring early market space clarity. (2) Teams prefer 

market-specific input from the environment, such as end-use ideas, end-user benefits and other 

market characteristics such as size and growth to realize early market space clarity. (3) Teams 

also prefer partnerships based on immediate market space interests to ensure early market space 

clarity. 

 

Market ambiguity acceptance refers to three main preferences of teams (Molner et al., 2019): (1) to 

discover the market space over time during the market-scoping process, leaving market ambiguity 

unresolved and remain open to identify market spaces over the course of the process. (2) Teams 

prefer technology-specific inputs to further explore the nature of the technology rather than market 

market-specific input. This meaning that teams are more interested in what the technology can do 

than what the market wants it to do. (3) Teams prefer to have partnerships and collaborations for 

the sake of technological learning with partners to learn about the technology and what it can do, 

even if the end product is not relevant to the company itself.  

 

2.1.3 Market scoping decisions 
In the following paragraphs the managerial decisions in line with the market scoping acceptance 

mindset will be further explained as these type of decisions have proven to lead to higher market-

scoping performance (Molner et al., 2019). Table 1 summarizes the characteristics and type of 

market-scoping decisions and its relation to the type of mindset and the result in terms of market-

scoping performance. 

 

Market space anchoring refers to the managerial efforts made to identify an initial set of market 

space options for further consideration. Market space anchoring with a market ambiguity 

acceptance mindset is characterized by the identification of broad upstream technology regimes 

that may underlie specific downstream markets. Teams with a market ambiguity acceptance 

mindset typically seek for partnerships within those upstream technology regimes. These partners 

can potentially point out gaps in technological knowledge that the technology can fill, thereby 

opening up the market space for additional end-use scenarios. 

 

Market space substantiation refers to the managerial efforts to demonstrate feasibility of the 

identified set of market space options. Where teams with a market ambiguity avoidance mindset 

typically engage in confirmatory substantiation of market spaces and thereby narrowing the market 

space down, it is key to engage in exploratory activities at this stage. With exploratory 

substantiation of market spaces project teams together with upstream partners further explore the 

capabilities of the technology and try to combine the knowledge with market information to derive 

market space options. Upstream partners are typically developers of similar or competing 

technological systems, characterized by high levels of technological sophistication regarding a 

focal technology regime. Because upstream partners are typically already experienced in the 

identification downstream applications, the project teams can leverage this competence to derive 

possible use cases for the technology. 

 

Market space claiming refers to the managerial efforts to formalize the nature and scope of a set of 

market space options. Market space claiming with a market ambiguity acceptance mindset is 

characterized by open-ended claiming of market spaces. This is done by defining fields of use 
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together with upstream partners that are in line with the technology features and capabilities and 

transcend specific end-use scenarios. Together with upstream partners technology platforms can 

be created that may serve multiple downstream markets over time. Having these transcend open-

ended extendable market spaces helps teams to gradually resolve the market ambiguity over time. 

 

In summary, the market ambiguity acceptance mindset starts by identifying suitable technology 

regimes and upstream partners connected to those regimes. Together with the partners the 

technology capabilities are further explored so that finally openly defined market spaces can be 

established that transcend specific end-use scenarios. 

 

Table 1:  

Market scoping mindsets (Molner et al., 2019). 
 

Market Ambiguity Avoidance Market Ambiguity Acceptance 

Market-scoping mindset • Preference for a rapid resolution 
of market ambiguity 

• Preference for market-specific 
external inputs 

• Preference for partnerships 
based on immediate market 
interests 
 

• Preference for a gradual 
resolution of market ambiguity 

• Preference for technology-
specific external inputs 

• Preference for partnerships 
based on technological learning 

Market space anchoring • Downstream anchoring: 

• Identifying downstream end-use 
situations and scenarios 

• Understanding relevant end-user 
needs and benefits 

• Increasing the specificity of 
identified use situations 
 

• Upstream anchoring: 

• Identifying upstream technology 
regimes underlying various 
downstream markets 

• Identifying relevant technology 
benchmarks 

• Clarifying contributions to 
existing technological 
knowledge 

 
Market space substantiation • Confirmatory substantiation: 

• Understanding user 
requirements and performance 
expectations 

• Assessing the feasibility of 
identified end-use situations 

• Narrowing down the relevant 
market space 
 

• Exploratory substantiation: 
Leveraging external technology 
assets and ties 

• Exploring the focal technology’s 
capabilities 

• Opening up the relevant market 
space 

Market space claiming • Closed-ended claiming: 

• Formalizing narrow, end-use-
specific fields of use 

• Establishing direct access to 
end-user markets 

• Establishing clearly defined, 
definite market spaces 

• Open-ended claiming: 

• Formalizing broad technology-
specific fields of use that 
transcend end-use scenarios 

• Establishing technology 
platforms that may serve 
multiple markets 

• Establishing openly defined, 
extendable market spaces 
 

Market-scoping performance 
outcomes 

• Lower value appropriability 

• Fewer technology 
commercialization opportunities 

• Delayed initial investment 

• Less efficient resource allocation 
 

• Higher value appropriability 

• More technology 
commercialization opportunities 

• Faster initial investment 
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2.2 Identifying partners during market ambiguity acceptance: an ecosystem view 
The academic literature discussed above indicates that the identification of the upstream and 

downstream partners, typically end-users or manufacturers (Molner et al., 2019), in a specific 

market is likely to require an overview of the different organizations in that market. Therefore, the 

theoretical framework of this thesis partially builds on the ecosystem literature (Molner et al., 2019; 

Talmar et al., 2018). Because organizations are increasingly specialized, developing new products 

from start to finish is typically not done by a single organization (Talmar et al., 2018). An 

ecosystem-wide end-product materializes when the individual contribution of the different actors 

are combined (Talmar et al., 2018). In other words: for complex products to be commercialized, the 

different actors in an ecosystem specialized in a specific aspect of the end-products with the 

entirety of all actors forming the ecosystem. The process of market scoping to identify market 

spaces in such a complex environment requires a firm to navigate through this complex network of 

interdependencies within the ecosystem. However, logically, when a new end-product is built with 

emerging technologies, the ecosystem and interdependencies are not yet clearly established. This 

makes market-scoping difficult for any particular firm who desires to commercialize a technology 

and depends on an emerging ecosystem to do so. That firm cannot easily identify his most optimal 

interdependency with another actor. Also, the firm cannot oversee the future market value of the 

emerging ecosystem, nor the specific market value that he himself can capture in the emerging 

ecosystem. For this reason, an overview of the existing ecosystem of the market is likely to 

increase market-scoping performance. 

 

Adner (2016) integrates the various literature on ecosystems and defines an ecosystem as “the 

alignment structure of the multilateral set of partners that need to interact in order for a focal value 

proposition to materialize” (p. 2). Furthermore, he differentiates ecosystems in two different views: 

ecosystem-as-affiliation and ecosystem-as-a-structure. In contrast to other literature (e.g. Aarikka-

Stenroos & Ritala, 2017; Stam & Spigel, 2016), which categorizes ecosystems based on whether it 

is focused on a particular organization, innovation or platform, this thesis uses the view ecosystem-

as-affiliation as defined by Adner (2016). This view sees ecosystems as communities of associated 

actors defined by their networks and platform affiliations (Adner, 2016). To elaborate, according to 

Adner (2016) it “places emphasis on the breakdown of traditional industry boundaries, the rise of 

interdependence, and the potential for symbiotic relationships in productive ecosystems.” (p. 3). 

 

This thesis thus proposes an ecosystem-view (Adner, 2016) to better understand the upstream-

anchoring actors in specific and for market-scoping in general (Molner et al., 2019). The 

ecosystem approach typically focuses on access and openness of the ecosystem (Adner, 2016), 

mapping the actors in an ecosystem in a way that shows how the roles are currently served will 

give a good overview of the actors that currently reside in the ecosystem. Such an overview will 

likely contribute to the identification of possible upstream partners in a market that is new to a firm 

as is the case in the context of this thesis. Next to the identification of upstream partners, mapping 

the ecosystem beforehand will also contribute to linking actors in the ecosystem to an identified 

market space. To elaborate, when identifying market spaces during the market scoping process it 

also allows to make an integration to link actors from the mapped ecosystem to actors that will 

likely play a role in that market space. 

By identifying as many participants in the ecosystem as possible, it is also likely that the 

participants bring new value propositions to the ecosystem, either individually or by combinations 

and interactions with other participants of the ecosystem (Adner, 2016). 

 

  



 

17 
 

 

2.3 Defining feasible market spaces 
The market-scoping framework of Molner et al. (2019) primarily focuses on the identification of 

market spaces. Prior research informed us that identifying the wrong market for a technology often 

leads to a waste of time and resources (Danneels, 2007), stressing the importance of how to 

identify the ‘right’ market. Although a part of the market scoping process described by Molner et al. 

(2019) describes the market substantiation activities: the activities aimed to demonstrate the 

feasibility of the market space options, it does not mention exactly how it defines a ‘feasible’ 

market space and which success factors may matter. This section aims to review factors which 

managerial literature has described that typically lead to higher commercial success. 

 

2.3.1 Evaluating technology-to-market linkages 
A potential market space can become a market opportunity when market imperfections allow 

agents to obtain economic benefits by introducing new and/or improved offerings to better serve 

customer needs (Alvarez, Barney, & Anderson, 2013; Gruber, Kim, & Brinckmann, 2015). To 

understand the value of a market space, managers can evaluate a technology-to-market linkage: 

“the end-user domains where the technology, as embodied in a product, can be meaningfully 

employed and can create benefits for its users” (Gruber et al., 2008, p.2). In the book “Where to 

Play” (Gruber & Tal, 2017), the authors introduce “Market opportunity navigator”, a tool to evaluate 

technology-to-market linkages and with it the overarching market spaces. 

 

Table 2:  

Market opportunity success factors from the Market opportunity navigator (Gruber & Tal, 2017). 

Factor Description 

Unmet need An end-user need both important and unsatisfied. 
Effective solution Degree to which the market opportunity effectively 

fulfills the need. 
Better than current solutions Degree to which the market opportunity is better than 

existing solutions. 
Current market size Current size of the market. 
Expected growth Rate of growth expected in the market. 
Margins (value vs. costs) Difference between the costs of the product and the 

price the firm can sell it for. 
Customer’s ability to pay Degree to which the solution is accessible for any 

type of customer. 
Customer stickiness Degree to which customers return in a competitive 

environment because of a consistently better value 
transaction. 

Product development obstacles Obstacles that occur in the entire process of ideation, 
designing, developing and launching a product. 

Sales and distribution difficulties Difficulties occurring during sales and distribution 
processes. 

Funding challenges Challenges in organizing funding for the opportunity. 
Development time Time of development process. 
Time between product and market 
readiness 

Product readiness relates to the time the product is 
finished; market readiness relates to the time the 
market is ready for the product to be implemented. 

Length of sale cycle Length of the process that a firm goes through when 
selling a product to a customer. Includes all activities 
associated with closing a sale. 

Competitive threat Threat coming from competing entities that (indirectly) 
address the same need. 

3rd party dependencies Degree of dependency on other entities 
(governments, organizations etc.). 

Barriers to adoption Barriers that prevent a customer or end-user to use 
the product. 
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The tool is illustrated in figure 2, a description of the factors included in the tool to assess the 

technology-to-market linkages is shown in table 2, the following paragraph illustrates how the tool 

can be used. 

 

The tool maps market opportunities on two axes based on their attractiveness. One axis illustrates 

the overall potential, and relates mostly to market attractiveness, the other axis; overall challenge 

mostly relates to business attractiveness of the market opportunity.  

Within the axis of potential compelling reason to buy, market volume and economic viability are the 

three categories that can be scored ranging from low, medium, high to super high. The overall 

potential is the final summarizing score of the three categories. However, participants can use their 

own weighing in the score, so it does not have to be averaged over the three categories. Similarly, 

the overall challenge is scored by the categories implementation obstacles, time to revenue and 

external risks. When both the overall potential and overall challenge are scored, the final scorings 

can be plotted in a graph. With multiple end-use scenarios scored, one can easily point out the 

highest scores in the graph, those with highest potential and lowest challenge. Each quadrant is 

categorized as either a “gold mine” (top-left), “quick win” (bottom-left), “questionable” (bottom-right) 

or “moon shot” (top-right) based on the assessment. 

 

 

 

 

Figure 2: Market Opportunity evaluation from the Market Opportunity Navigator tool (Gruber & Tal, 2017). 
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2.4 Standardization 
The academic literature further suggests that standardization often plays a vital role in supporting 

technological and societal trends (Wiegmann et al., 2017). The battle discussed earlier between 

different communication standards is a typical example of standardization, or more specifically: the 

challenge of standardization. In order to set those standards, three modes of standardization are 

identified in scientific literature: (1) committee-based, (2) market-based and (3) government-based 

standardization, which often interact very dynamically (Wiegmann et al., 2017). Wiegmann et al. 

(2017) describe them as follows: 

(1) The committee-based mode of standardization usually takes place during the standard 

development phase of the technology. The standardization is often done by collaboration of 

the involved stakeholders in a committee. Examples of committees are IEEE and ISO. All 

stakeholders jointly define the standards they propose for further usage, which is 

demonstrated in an approved document. 

(2) Market-based standardization refers to the battles between different technologies. A 

standard is set when one of the technologies reached significant market share over the 

others and thereby an equilibrium is reached. It is also possible that multiple technologies 

continue to exist in parallel. Market-based standards, also referred to as de-facto standards 

emerge when the different technology standards have already been developed and 

compete between each other, this phase is referred to as the standard diffusion phase. 

(3) Governments can overrule the other modes of standardization and either develop a 

standard themselves and oblige others to use that standard, or they can select an existing 

standard and impose mandatory use of that standard. Governments can intervene in the 

standardization process and thus the government-based standardization can take place in 

both the standard development and diffusion phase. 

 

The commercial success of a new technology in terms of standardization will most likely depend 

on whether the technology will be able to set the de-facto standard. This is because at that point 

the technology has obtained wide-spread acceptance and dominance, specifically, more than fifty 

percent market share in terms of worldwide yearly unit sales (den Uijl, 2015; Schilling, 1998). 

While a combination of all three modes is likely to determine the communication standards for 

context of this thesis, the commercialization strategy is likely to have the most direct impact on a 

possible market battle as this strategy determines how a firm engages in this market battle. The 

remainder of the thesis therefore focuses on this mode. At this point this market battle has not 

started yet, while organizations mention their interest in the market, no serious efforts have been 

made to enter the market up until now. To further point out at which phase the empirical part of this 

thesis is focused on, the following paragraphs discusses in which phases a battle for dominance 

can be divided. Suarez (2004) introduces five key milestones that mark the beginning of a new 

phase in the dominance battle. To further elaborate on the current state that the topic of this thesis 

is currently in, the following paragraphs will discuss these phases, as depicted in figure 3. A later 

study extended this research and described similar phases that shape the emergence of the de-

facto standard and confirms that the technology competition progresses through the same phases 

(den Uijl, 2015). 

 

 
 

Figure 3: The standardization dominance process (Suarez, 2004). 
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The first phase; R&D and build-up is marked by the keystone that a pioneer organization or 

research group has started applied research aiming to produce a new commercial product. This is 

the phase that the empirical context of this thesis currently resides in. Some research 

organizations have started doing applied research on the technology, however, none have reached 

the milestone of the second phase yet (e.g. Correa et al., 2018; Hernandez-Oregon et al., 2019). 

 

The start of the second phase; Technical feasibility is marked by the milestone of the appearance 

of a first working prototype. This indicates that the technological trajectory is feasible and that there 

will soon be a product in the market.  

 

The third milestone is marked by the launch of the first commercial product of the technology. 

According to Suarez (2004) this can be seen as the “last-minute call” for the remaining 

organizations working on the technology that do not want to risk being left behind. This phase is 

referred to as Creating the market. 

 

After several companies have started commercializing their products, the emergence of a clear 

front-runner marks the start of the fourth phase: the Decisive battle. When a company is marked as 

a clear forerunner its installed base gives the company momentum to grow further. However, this 

does not mean that competing companies have no chance anymore. At that point it depends on 

the growth rate of the market and how the competitors improve their designs. If the competitor’s 

product is superior to the front-runner’s and the market has enough growth, there still is enough 

potential for winning the decisive battle. 

 

The end of the decisive battle initiated in the fourth phase marks the start of the final phase: the 

Post-dominance phase. Suarez (2004) defines this point at the time when one of the two events 

occur: (a) there are clear signs that the competing alternative designs have abandoned the active 

battle; or (b) a design has achieved a clear market share advantage over the other designs and 

recent market trends unanimously suggest that this advantage is increasing. 

 

Prior studies have evaluated which factors are important for winning standardization battles (e.g. 

den Uijl, 2015; Lee, O’Neal, Pruett, & Thomas, 1995; Schilling, 1998; Suarez, 2004; Van de Kaa, 

Van den Ende, De Vries, & Van Heck, 2011). The studies showed similar factors that can be 

decisive in market battles, of which Van de Kaa et al. (2011) have given an overview, see 

appendix B. A study by den Uijl (2015) differentiated success factors with regard to their level of 

influence on the market battle. Factors identified in forty-seven different sources were categorized 

in first, second and third order elements in which only the first order elements have a direct impact 

on the market battle (den Uijl, 2015). Together with the factors identified by Van de Kaa et al. 

(2011) a selection of standardization success factors can be made in which we suggest to consider 

first-order elements identified by den Uijl (2015) with priority for the context of this thesis. This is 

because these factors can directly affect the feasibility of commercialization options. An overview 

of the factors is depicted in table 3. As can be seen in the table, the factors strongly overlap with 

the opportunity success factors identified by Gruber and Tal (2017). 
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Table 3: 

First order standardization success factors (den Uijl, 2015). 

Factor Short description 

Technological superiority A technology is superior when it has features that allow it to 
outperform competing alternatives. These features comprise of 
the pure effect of technology (e.g. picture quality of video 
storage media) and differentiating features (e.g. amount of 
video that can be recorded on a video tape). 

Entry timing Point in time when the first product based on a particular 
technology enters the market. The technology that is first to 
market can benefit from increasing returns to adoption and a 
head start in establishing an installed base. 

Network effects The utility of a technology to a customer increases with the 
number of customers that use the technology. 

Availability of complementary 
goods 

Products or services that increase the utility of a technology. 
Goods are complementary to a technology when they adhere 
to a common compatibility standard. Generally dubbed 
‘software’. 

Pricing Use of a pricing strategy (e.g. penetration pricing) to stimulate 
market adoption. 

Marketing and pre-
announcements 

Creating market awareness regarding the availability of a 
technology, informing the customer of its strengths, and 
influencing customer and industry perception regarding its 
potential success. 

Installed base The number of users applying a particular technology at a 
certain moment in time, the number of users of products of a 
particular firm, or the number of products in use. 

Switching and homing cost Switching costs are costs that customers incur to move from 
one technology to another. Homing costs include all the 
expenses incurred by technology users. If homing costs are 
low, customers may adopt multiple technologies. 

Reputation and credibility A recognized brand name and sponsorship of de-facto 
standards creates expectations for the potential success of a 
new technology. 

Level of competition Number of incompatible technological alternatives that are 
competing in the market for adoption and the strength 
(financially and in terms of market share) of their supporters. 

Availability of products The extent to which products based on a particular technology 
are available to the customer. 

Market and industry 
characteristics 

Structure and dynamics of the market and technological field, 
e.g. excess inertia vs. insufficient friction, rules of engagement 
and information sharing practices. 

Rate and type of technology 
change 

The pace of technological change in an industry affects the 
willingness of suppliers and buyers to invest in a technology 
and influences the desirability of committing to a specific 
technology. 

Backward compatibility A technology is backwards compatible when it is designed to 
be interoperable with, or accommodate products from, the 
previous technology generation. 

Killer application Application of the technology that possesses a set of attributes 
meeting customer demands and stimulates market adoption. 
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2.5 Conclusions theoretical analysis 

In this section conclusions will be drawn from the analysis conducted and described in the previous 

section. With the conclusions the sub-questions can be answered and the conclusions functioned 

as input for the construction of the design principles and requirements discussed previously.  

 

2.5.1 Market scoping 
This section aims to answer the following sub-question: 

 

SQ1.1 How is successful market scoping currently defined in scientific literature? 

 

The theoretical analysis on current successful strategies for market scoping summarized the 

findings of a recent discovery-oriented research by Molner et al. (2019). Figure 4 illustrates the 

market ambiguity acceptance mindset decisions that typically lead to higher market scoping 

performance outcomes. Therefore, all three activities of market scoping; anchoring, substantiation 

and claiming will be considered in this thesis to ultimately answer the first main research question. 

Market scoping with a market ambiguity acceptance mindset prevents teams from narrowing down 

on specific end-use scenarios and thereby limiting the range of options a firm has to commercialize 

their technology without making relatively high investments. With a market ambiguity acceptance 

mindset firms have typically attracted external investments for multiple technology 

commercialization opportunities while using relatively less time and resources (Molner et al., 

2019). The theoretical analysis also proposed an ecosystem-view (Adner, 2016) to better 

understand the upstream-anchoring actors in specific and for market-scoping in general (Molner et 

al., 2019). Mapping the actors in an ecosystem in a way that shows how the roles are currently 

served will give a good overview of the actors that currently reside in the ecosystem. Besides 

identifying upstream and downstream partners the ecosystem-view is also likely to contribute to 

linking actors in the ecosystem to an identified market space, after which relations between actors 

can be made defined more easily. 

 

 

 
 

Figure 4: Market scoping activities. 
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Open-ended 
claiming
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2.5.2 Defining feasible market spaces 
This section aims to answer the following sub-question: 

 

SQ2.2  How can market spaces be identified and assessed? 

 

Market space identification takes place during the anchoring phase identified in the market-scoping 

literature. Together with up- and downstream actors of the ecosystem upstream technology 

regimes are identified that can have multiple underlying downstream markets. Therefore, as the 

previous section indicated, a mapped ecosystem will likely contribute to identifying the actors for 

the identification (and assessment) of (identified) market spaces. The capabilities of the actors can 

be leveraged in this process as they typically have experience in identifying downstream markets 

(Molner et al., 2019). Also, during the substantiation processes in which the feasibility is assessed 

of the already identified market spaces by further engaging with up- and downstream actors, new 

insights can arise that lead to the identification of new market spaces or technology-to-market 

linkages. 

 

For the assessment, market-scoping literature informed us that an assessment of feasibility of the 

market spaces typically occurs during the market space substantiation phase. Market-scoping 

literature also informed us that by identifying and engaging with upstream partners market spaces 

can be assessed. The market opportunity navigator tool by Gruber and Tal (2017) can be used to 

assess the potential of the downstream applications identified. The tool contains six categories of 

success factors, these factors can possibly be integrated with the overall insights of the thesis’ 

literature review and designed in function of the empirical research context of this thesis. 

 

2.5.3 Standardization in the context of this thesis 
The third part of the theoretical analysis was aimed to investigate how standardization can be 

considered in selecting market spaces, thereby aiming to answer the following sub-question:  

 

SQ2.3 How should standardization be considered when engaging in market scoping for 

LiFi technology? 

 

In order answer this sub-question various sources of literature were analyzed that investigated 

standardization success factors and different types of standardization modes and phases. While 

there are three modes of standardization identified by Wiegmann et al. (2017), for the context of 

this thesis the commercialization strategy was likely to have the most direct impact on a possible 

market battle. To elaborate, even though the market battle has not yet commenced for the subject 

of the empirical context of this thesis, by identifying which factors are typically decisive in such 

battles, a commercialization strategy can be set up accordingly. The literature showed multiple 

standardization success factors, depicted in table 3 and appendix B, that can be taken into 

consideration in the market-scoping process. 
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3. Methodology 
This thesis aims to give the best answer to the two main research questions: (1) “What is an 

appropriate market-scoping framework for Signify?”; and (2) “What commercialization options has 

Signify to commercialize LiFi in an ambiguous Smart Mobility market?”. In order to answer these 

research questions a framework was designed to guide Signify in the process of finding 

commercialization options in the market of Smart Mobility. A case study approach was employed 

to study this case in depth (Given, 2012), elements of design-science were used to apply scientific 

theory to this practical case. The iterative design-science approach is characterized by bridging the 

gap between existing scientific literature and real-life practices (Van Burg et al., 2008). The tool 

designed addressed both research questions by (1) defining the appropriate market-scoping 

framework and (2) putting this framework into practice by testing it to identify commercialization 

options for Signify’s LiFi technology in the Smart Mobility market. 

 

3.1 Case study approach 
This thesis used a qualitative research approach by studying a single case. A case study approach 

was used to gain an up-close, in depth overview of the topics involved while building the tool (Bell, 

Bryman, & Harley, 2018; Creswell, Hanson, Clark Plano, & Morales, 2007; Given, 2012). Elements 

of the design-science approach were used to combine empirical and theoretical research to solve 

the practical issues by using theories gathered by theoretical research and combining it with 

observations and findings from practice (Van Burg et al., 2008). In order to come to a tailored 

solution for Signify, design principles were used, these principles are ideas and propositions used 

to construct a detailed solution that is both based on theory and practice. 

 

3.2 Data sources 
Several information sources can be used in a study (Yin, 2011), the following paragraphs describe 

these sources and their relevance to this study. In this study the most relevant information sources 

were documents, interviews, direct observations and participant observations, all gathered at 

Signify or externally. 

 

3.2.1 Literature 
For this research most of the scientific literature for the theoretical analysis was gathered using 

search engines as Google Scholar, Web of Science, Scopus and JSTOR, however, when 

valuable, other search engines / databases were used as well. When finding relevant articles, the 

snowballing method was used to find relevant articles after which comparisons between different 

studies can be performed as well. Examples of search input were market uncertainty AND 

business models, market scoping AND new product development, matching market and 

technology, market linking AND new product development, technology-to-market linking, market 

linkage AND new product development, opportunity identification AND new product development. 

 

3.2.2 Interviews 
Interviews were conducted in order to answer both research questions. For this thesis qualitative 

interviews were used, as described by (Given, 2012). Two types of interviews were used: (1) 

(exploratory) unstructured interviews and (2) semi-structured interviews. During the exploratory 

unstructured interviews only a topic or theme was discussed in-depth, and it allowed questions to 

emerge during the dialogue with the interviewee (Richardson, Dohrenwend, & Klein, 1966). 

Unstructured interviews were conducted for the initial identification of market spaces and later in 

the process for determining the most suitable way to proceed with the semi-structured interviews 

and for the development of an implementation plan. Unstructured interviews were chosen because 

the Smart Mobility market is a new market for Signify, therefore it is more about creating an 

understanding of the topic rather than asking specific questions. Unstructured interviews are a 
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useful method for developing an understanding for a not yet fully understood topic (Bailey, 1994; 

Gordon, 1975; Richardson et al., 1966). The exploratory unstructured interviews that were 

conducted are depicted in table 4. The interviewees were selected based on their expertise and 

background in Smart Mobility, either from the public or private sector. Additionally, the interviewees 

were selected in such a way that there was at least one interviewee with an educational 

background, and one interviewee with a governmental background. Next to the exploratory 

interviews conducted externally, interviews were also conducted internally at Signify in which 

colleagues shared already gathered market information. 

 

Table 4: 

Overview of selected interviewees exploratory unstructured interviews. 

Name Company / 
Institution 

Function Duration and 
date 

Location 

Prof. dr. Hans 
Jeekel 

TU Eindhoven Full professor TU/e 
 

90 minutes 
24-10-2019 

TU 
Eindhoven 

Gerbrand Klijn Sweco Product Innovation & 
Strategy 

65 minutes 
17-10-2019 

Utrecht 

Rik Budel Utrecht 
municipality 

Senior Information 
Process Advisor, Digital 
Innovation 

60 minutes 
25-11-2019 

Utrecht 

Edward Neef FE 
consultancy 

Founder light on traffic 
alliance 

11-11-2019 
28 minutes 

Amsterdam -
phone 

Ed Huibers Signify Business development 
manager 

14-10-2019 
50 minutes 

Eindhoven 

Mehmet Aras Signify Global business segment 
director 

11-11-2019 
32 minutes 

Eindhoven 

Heinz Willebrand Signify USA Chief evangelist LiFi 12-11-2019 
40 minutes 

Amsterdam -
Skype 

 

Next to the exploratory unstructured interviews, semi-structured interviews were conducted. The 

semi-structured interviews had a pre-specified list of questions, but still allowed room for dialogue, 

follow-up (probing) questions and other changes during the interview (Bailey, 1994; Gordon, 

1975). The semi-structured interviews were used to get a deeper understanding on the two 

technology-to-market linkages selected during the focus groups. During the interviews a distinction 

was made between interviewees identified as an upstream or downstream partner, in line with the 

definition discussed before (Molner et al., 2019). The interview guide was developed based on (1) 

interview guides used by the New IoT Value Propositions team for similar purposes; (2) the pre-

identified success factors used for thematic coding; and (3) discussions with the company 

supervisors. For each type of interviewee, a list of questions was developed, the interview guide 

can be found in appendix C. The aim was to interview ten individuals from the specific market. The 

interviewees were selected based on recommendations from industry experts and to have an as 

close to equal mix between upstream and downstream interviewees. The final list of interviewees 

for the semi-structured interviews is depicted in table 5. All the information gathered in the 

interviews and in other conversations and discussions that took place at Signify or externally were 

documented using field notes. The semi-structured interviews were recorded, but not transcribed. 

This is because the goal of the interviews was to get a deeper understanding in the line of 

reasoning from different stakeholders, rather than investigating relationships and interconnections 

between the different concepts in the interviews. Because the scope of the topic is very extensive, 

insights from as many different actors was preferable, more interviews led to greater validity of the 

results. Finally, the additional unstructured interviews that were conducted for recommendations 

on the semi-structured interviews and developing the final implementation plan are listed in table 6. 
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Table 5: 

Overview of selected interviewees semi-structured interviews. 

Type Name Company / 
Institution 

Function Duration and 
date 

Location 

Upstream Coen 
Sanderink 

Heijmans Business 
developer digital 
infra 
 

50 minutes 
07-01-2020 

Eindhoven 

Upstream Dirk-Jan de 
Bruijn 

Rijkswaterstaat Innovation in 
mobility 

64 minutes 
13-1-2020 

Utrecht 

Downstream Joep Sloot Amber Mobility Founder & CTO 30 minutes  
14-1-2020 
 

Eindhoven 

Upstream Jeroen 
Ploeg 

TU Eindhoven 
2Getthere 

Lead 
Cooperative 
Driving 

60 minutes 
21-01-2020 

Eindhoven 

Upstream Daan de 
Geus / Jos 
den Ouden 

TU Eindhoven PHD Candidate 
/ Project 
Manager 

41 minutes 
27-01-2020 

Eindhoven 

Upstream Jacco van 
de Sluis 

TNO V2X 
Communications 
expert 

53 minutes 
28-01-2020 

Helmond 

Downstream Jack 
Martens 

DAF Advanced 
Technology & 
External 
contacts 

50 minutes 
29-01-2020 

Eindhoven 

Upstream Robbert 
Janssen 

TNO Sr. Consultant 
Sustainable 
transport and 
logistics 

31 minutes 
31-01-2020 

Eindhoven 
Skype 

Upstream Serge van 
Dam 

Rijkswaterstaat Top advisor 
Traffic 
Management 

60 minutes 
07-02-2020 

Utrecht 

 

Table 6: 

Overview of additional unstructured interviews. 

Name Company / 
Institution 

Function Duration and 
date 

Location Purpose 

Hans Jeekel TU Eindhoven Full professor 150 minutes 
19-12-2019 

Oisterwijk Recommendations 
semi-structured 
interviews 

Hans Jeekel TU Eindhoven Full professor 87 minutes 
5-2-2020 

Oisterwijk Implementation 
plan 

 

 

3.2.3 Observations 
Observations were used as input for the empirical analysis. The observations were mainly in the 

form of participating in five relevant meetings at Signify to gain more insights in their ways of 

working, how decisions are made and for example what aspects are considered important in their 

market opportunities. Data collected with the observations were used as input for the market 

scoping process. With this data a comparison was made on what literature suggests on how to 

engage in market scoping, and how Signify currently engages in this process. Participant 

observation has proven to increase the validity of a study, and it will create a better holistic 

understanding of the topic (Becker & Geer, 1957; Kawulich, 2005; Musante & DeWalt, 2010). 
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3.2.4 Focus groups 
Focus groups were used to gain insights from multiple different angles to contribute to the process 

of finding ways to commercialize LiFi. Focus groups were used for (1) alpha testing the framework, 

and (2) to verify and prioritize this list of market spaces that will lead to the final prioritized list of 

market spaces of this thesis. Because of the number and variety of market spaces identified, only 

a limited amount of the market spaces could be analyzed in-depth with the time and resources 

available for this thesis. Consequently, the goal of the focus groups was to identify a selection of 

maximum 3 market spaces that have highest priority to further analyze and thereby invest time and 

resources in. The selection was based on several pre-identified success factors identified in the 

empirical and theoretical analyses. Focus groups help to get a better understanding of the findings 

through discussions (Kitzinger, 1995). In this case, the focus group were used to obtain a deeper 

understanding of why a specific market space with its technology-to-market linkage(s) has higher 

priority according to individuals from different areas of expertise. Focus groups were also used 

because the interviews and conference participation are data from on-on-one interaction, and 

could have led to the emergence of artifacts (biases), thereby valuable insights could have been 

missed (Sein, Henfridsson, Purao, Rossi, & Lindgren, 2011).  

 

Two focus groups were conducted. The first focus group was aimed to score on a market space 

level. However, during that session it was concluded that the market spaces should also be 

assessed on a technology-to-market linkage level, but that session lacked the time to do so, hence 

a second focus group was organized. Before this second focus group participants scored the 

technology-to-market linkages beforehand using a document for individual scoring. The scorings 

and comments were summarized before the second focus group, and during this second focus 

group these scorings were discussed to come to a final scoring for each of the technology-to-

market linkages. The list of participants present at the focus group was composed in agreement 

and with recommendations of the company supervisors, the individuals that participated in both 

focus groups can be found in table 7. Among the participants are individuals with a business 

development, technical, and value proposition creation background. 

 

Table 7: 

Selection of focus group participants. 

Name Title 

Max Kramer Moderator / Graduate intern: initiator focus group 
Onno Janssen Company supervisor / Principal Scientist Value Proposition 

Creation 
Remco Muijs Company supervisor / R&D Group Manager Value Proposition 

Creation 
Mark Gunther Go-to-market leader LiFi aerospace and transport 
Michel Germe Venture manager 
Marjolein van der Zwaag New IoT Value Propositions 

 

The procedure and ground rules for the focus group were constructed based on recommendations 

identified in literature (Gibbs, 1997; Krueger, 2014; Krueger & Casey, 2002). 

 

During the focus groups, participants were welcomed by the moderator, Max Kramer. During the 

introduction an overview of the topic was given, along with the ground rules of the focus group and 

the success factors that were used for the scoring of the use cases. After the introduction each of 

the technology-to-market linkages were shortly described. After the description, participants were 

asked to score the technology-to-market linkage based on the assessment tool provided. The 

scorings were summarized by a participant and assigned to a zone in the matrix provided on the 

evaluation form. After all the participants scored and assigned the technology-to-market linkages 

to a zone, the zone assignments of all participants were gathered and when use cases were 
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assigned to different zones, participants were asked to elaborate why they assigned the 

technology-to-market linkage to that specific zone. For the first focus group the scoring was done 

on a market-space level, for the second focus group this was done one a technology-to-market 

linkage level. A discussion was held that ended when all participants agreed upon a final verdict 

and resulted in one final zone assignment for the technology-to-market linkage. 

After all technology-to-market linkages were scored, the participants were asked to select a 

maximum of 3 technology-to-market linkages that have highest priority. When the selection 

differed between participants, participants were asked to elaborate on their choice, again a 

discussion was held that ended when all participants agreed upon a final prioritization. The focus 

groups both took about 1 hour. The scoring will use a scoring format based on theoretical and 

empirical analysis. The ground rules for the focus groups are listed below: 

 

- Everyone is asked to participate actively and agrees to listen attentively to other 

participants. 

- If you have any questions in between, please do not hesitate to ask. They will either be 

answered directly or marked to discuss at the end of the focus group. 

- The focus group will be recorded because I don’t want to miss any of your comments. The 

recordings will be confidential and will only be used for further analysis. 

- Market spaces will be assessed and discussed through the identified technology-to-market 

linkages using the evaluation form. 

- When differences arise in the evaluation of a market opportunity, you will be asked to 

further elaborate your answer so that the differences can be discussed with the group until 

the group has come to one final evaluation result for that market opportunity. 

- After the assessment, a final prioritization of market spaces will be done through a 

discussion in which all participants are asked to participate. 

3.2.5 Secondary data 
Secondary data in this thesis included company internal documents, media documents, 

procedures and policy reports. These documents were relevant for both the methodological part of 

the thesis, and the theoretical and empirical research. An overview of all sources that were used is 

listed in table 8. Secondary data sources are used for input in the analyses and for triangulation 

(Patton, 2002; Yin, 2009). 

 

Table 8: 

Secondary data sources. 

Name Format Source 

Interview Format LiFi Industry Document Signify internal 
Value Proposition Creation 
process 

Document Signify internal 

Value Landscaping Document Signify internal 
Battlecard Document Signify internal 
Stakeholder Analysis Document TU Eindhoven 
MaBa matrix Document Signify internal 
The Market Opportunity Navigator Tool https://wheretoplay.co 
Interview report-out-template Document Signify internal 
Overzicht Smart Mobility 
initiatieven 

Document TU Eindhoven 

Smart Mobility in Nederland Document TU Eindhoven 
Exploration process Document Signify 
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3.2.6 Other data sources 
Apart from the data sources already mentioned, input for the initial list of market spaces was also 

gathered at a conference. This was the Smart Mobility conference from 19th-21st of November in 

Barcelona. By talking to many industry experts from a well spread sample of the Smart Mobility 

market data was gathered for the initial list of potential market spaces. Next to the conferences, 

meeting minutes data helped in the overall guidance of the master thesis, methods and procedures 

used, or as additional input for the market scoping process, this was from meeting minutes from 

meetings at Eindhoven University of Technology, Signify, or external meetings. 

 

3.3 Data analysis 
The case study approach with elements of design-science used both theoretical research and 

empirical research to develop a tailored solution for Signify. Research had to be done on how to 

effectively scope the environment for possible applications and how to make a selection from the 

scoping outcomes that had most potential for Signify. This research required both theoretical and 

empirical analyses to come to this solution. Data from various sources that were discussed were 

combined, this triangulation method is an import method that contributes to the validity and 

reliability of the analysis (Patton, 2002). This method was applied with the objective of crossing 

and filtering information collected with the various methods applied (participant observations, 

interviews, focus groups, conference participation and theoretical analysis). More details on the 

different analyses are given in the following paragraphs. 

 

3.3.1 Theoretical analysis 
The theoretical analysis was continuously and iteratively used to investigate what literature states 

about how to effectively scope an environment for market spaces and how to assess the identified 

market spaces that were identified. By using both the empirical and theoretical analyses it was 

possible to make the process iterative and to complement findings in both analyses with each 

other or to see where and why different points of view emerged.  

A schematic overview of the theoretical analysis is shown in figure 5. First a literature study was 

performed on how effective market scoping is described in literature, to be able to answer sub-

question 1.1. The empirical research and market-scoping literature suggested that the feasibility of 

market spaces should be assessed, hence, a literature study on market-space assessment was 

performed as well to answer sub-question 2.2. This literature study focused on both managerial 

aspects and technology specific aspects. Technology specific aspects were incorporated in this 

literature study because in the assessment, decisions will also be based on the technology. 

Finally, a literature study on the possible role of standardization on commercial success was also 

performed to answer sub-question 2.3. 

 

 

 
 

 

  

Theoretical analysis

Market scoping

Literature study

Defining feasible market spaces

Literature study

Standardization

Literature study

Figure 5: Theoretical analysis. 
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3.3.2 Empirical analysis 
In the empirical analysis the goal was to get practical insights that could be used to build, assess 

and test the final solution design. To translate these insights to the framework that was developed, 

design principles were generated that matched both the theoretical and empirical analysis. The 

design principles that followed out of this empirical analysis were defined based on information 

gathered from conversations, discussions, focus groups and interviews.  

The conclusions from the exploratory unstructured interviews on the Smart Mobility ecosystem 

were documented using field notes. Together with the conference participation data and the 

theoretical analysis a first list of identified market spaces was created.  

 

After the initial list of market spaces was defined, the market spaces were prioritized in a focus 

group because there were not enough time and resources to further explore all of the identified 

market spaces. During the focus group the market spaces were assessed based on success 

factors identified in the theoretical and empirical analysis. The empirical analysis consisted out of 

observations at discussions at Signify. In total 2 focus groups were conducted, the first focus group 

was on a market space level, the second focus group was on a technology-to-market linkage level. 

For the second focus group participants were asked to submit their scorings prior to the focus 

group. The exact procedure can be found in the previous sections. 

 

The selected market spaces were integrated with the ecosystem to help identifying the different 

players active in the identified market space. Using data gathered during the interviews, at Signify 

and with the theoretical analysis, the list of potential interviewees was created. The interviewees in 

that list were contacted and semi-structured interviews were conducted.  

A thematic analysis was used as a data reduction analysis strategy, using this method the 

qualitative data was segmented, categorized, summarized and reconstructed in a way that 

captured the important concepts within the dataset (Given, 2012). A template approach was used 

to systematically analyze the data, this approach was used because the factors were identified 

prior to the interviews (Bell et al., 2018; Van Aken & Romme, 2012). A closed coding method was 

used in which the codes were pre-defined based on the empirical and theoretical research 

conducted on the market opportunity success factors (Van Aken & Romme, 2012). For this reason, 

the codebook can be considered of scientific relevance. A report-out for each interview was 

created that described the most important conclusions on each pre-identified code, similar to 

Signify’s current interview procedure. The codebook is depicted in appendix D, the report-out-

format together with the interview guide can be found in appendix C. The analysis of the data led to 

more in-depth insights in the identified market spaces, together with the market space ecosystem 

and identified potential partners. Figure 6 shows an overview of the empirical analysis and the 

methods used in the empirical analysis. 

 

 

 
 

Figure 6: Empirical analysis. 
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3.4 Testing 
The final solution design was also tested as the methodological literature of design-science 

describes (Aken, 2004), since time was a limiting factor in this thesis, it was key to test quickly to 

have fast iterations of the solution. Therefore alpha- and beta-testing were used to test the solution 

(Aken, 2004). The alpha testing tested the initial solution that is the outcome from the empirical 

and theoretical research with the design principles formulated. The alpha testing was done using 

the focus group, semi-structured interviews and feedback from Signify employees and / or 

(external) field experts. As these tests were performed continuously in an early stage of both parts 

of the framework, multiple iterations could be made before proceeding to beta-testing. Alpha 

testing was aimed to verify the initial identified market spaces, the ecosystem and the market 

scoping framework. Beta testing was done by testing the framework with the in-depth semi-

structured interviews. The beta testing is a more in-depth form of testing and was performed in a 

later stage where only small adjustments were made that led to the final solution design. Beta 

testing led to another layer of verification, the final list of market spaces with the highest priority 

and recommendations for commercialization of the technology. 

 

3.6 Timeline 
A timeline of the entire process is illustrated in figure 7.



 

 
 

 

 

 

 

 

Figure 7: Timeline thesis.
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3.7 Design-science elements 
This section describes how this case study used the design-science elements to answer the 

research questions of this thesis. 

The design-science methodology uses design principles and design requirements to come to 

a tailored solution. These requirements are based on the needs and expectations for this 

specific case and were identified using information gathered at Signify from conversations, 

interviews and focus groups. The information gathered was summarized and translated to 

the three types of design requirements which were again reviewed by Signify for validity. The 

types of requirements are functional requirements, user requirements and boundary 

conditions (Van Aken, Berends, & Van Der Bij, 2007). Functional requirements defined the 

performance demands of the framework, for example: what the framework should be 

capable of. The user requirements defined requirements from a user point of view, for 

example: how should the framework look like, and how does it need to work. The boundary 

conditions are requirements that had to be met unconditionally.  

 

The following functional requirements were constructed: 

1. Give a clear overview of the current Smart Mobility market. 

2. Give a clear overview of the recommended market-scoping process. 

3. Include an assessment and prioritization of the identified market spaces. 

4. Validate market spaces with potential downstream partners. 

5. Deliver actionable commercialization options for Signify. 

6. Identify actors and / or partners to further engage with. 

The following user requirements were constructed: 

1. The final solution design should be easy to understand and usable for any individual 

without the need of any background knowledge. 

The following boundary conditions were constructed: 

1. The market scoping process should focus on the Smart Mobility market only. 

2. The market scoping process should focus on LiFi technology commercialization 

options only. 

The design principles were based on both theoretical and empirical data, the principles were 

based on CIMO logic, which is short for Context, Intervention, Mechanism and Outcome: a 

structured approach to combine theoretical and empirical data and translate them into design 

principles (Denyer, Tranfield, & Van Aken, 2008). In this research the data gathered from 

both the theoretical and empirical research facilitated and formed the basis in the creation 

process of these design principles. The information gathered in both research types is crucial 

for defining a valid context, realistic intervention and mechanisms to achieve the outcome 

desired. Using the CIMO logic it was not only possible to create research-based principles, 

but the principles could also be based on practice (Van Aken & Romme, 2012). 

Consequently, the final result does not only contribute to scientific literature but also to 

practice, in this case: helping Signify to identify market spaces for LiFi in Smart Mobility.  
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The following design principles were constructed: 

 

1. Upstream 

This design principle illustrates the market ambiguity acceptance market-scoping mindset, 

where this mindset typically lead to higher market-scoping performance (Molner et al., 2019). 

The upstream anchoring of market spaces aims to identify broad technology regimes with 

various underlying downstream markets. These are identified by seeking partnerships with 

upstream industry entities that can offer technology-specific inputs. (Molner et al., 2019). 

C:  When engaging in the market scoping process, 

I: upstream partners should be identified 

M: offering technology-specific inputs 

O: that help clarifying the technology’s contribution to the existing situation. 

 

2. Ecosystem 

As discussed, nowadays complex products are often commercialized by multiple 

organizations forming a network of interdependencies in which the contributions of the 

different actors are combined (Talmar et al., 2018). During the identification of market spaces 

and linking market spaces to the different actors, having a clear overview of the different 

players in the ecosystem of the market before engaging in the market scoping process will 

likely contribute to the market scoping process. For the final design, the ecosystem-as-

affiliation perspective will be used (Adner, 2016), as it fits the market-scoping process best. 

C:  When engaging in the market scoping process, 

I: there should be a clear overview of the ecosystem 

M: to help in the identification of upstream partners 

O: leading to higher market scoping performance. 

 

3. Exploratory 

Related to the market ambiguity acceptance mindset is engaging in the exploratory 

substantiation processes. For the final design this means that the identified market spaces 

should not only be focused on confirming of disconfirming the market spaces, but instead 

further explore the capabilities with upstream partners (Molner et al., 2019). 

C:  When engaging in the market scoping process, 

I: engage in exploratory market substantiation processes 

M: that will leverage upstream partner’s capabilities 

O: thereby opening up the relevant market spaces. 

 

4. Assess 

This design principle is rooted in a need identified during the empirical research. For Signify 

to commercialize their technology, they indicated to require some measurement of feasibility 

of the market spaces in relation to their firm. Therefore, the final design should include an 

assessment of the market spaces based on factors identified in the theoretical and empirical 

analysis. 

C:  When engaging in the market scoping process, 

I: market spaces should be assessed with research-based factors 

M: thereby validating the identified market spaces 

O: leading to a more tailored final solution design. 
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5. Standardization 

Both the empirical analysis and the theoretical analysis (e.g. Wiegmann et al., 2017) 

indicated that standardization is one of the main aspects that should be taken into account 

when commercializing a technology. Therefore, standardization success factors identified 

during the theoretical analysis should be incorporated in the assessment of market spaces. 

C:  When assessing market spaces, 

I: standardization success factors should be considered 

M: enabling a commercialization strategy to be set up accordingly 

O: increasing the chances of commercial success. 

 

6. Open-ended 

In line with the exploratory nature of the substantiation processes is next step in the market 

scoping process: the open-ended claiming of market spaces. The final design should define 

extendable market spaces that enable a more easy implementation of future end-use 

scenarios to be implemented (Molner et al., 2019). 

C:  When engaging in the market scoping process, 

I: open-ended market spaces should be defined 

M: making market spaces extendable 

O: enabling future end-use scenarios to be implemented more easily. 

 

7. Platforms 

This design principle connects the market scoping literature back to the platform nature of 

the technology. As described by Baldwin and Woodard (2009), platforms are modular 

technology architectures that can have many commercial application in various markets. 

Molner et al. (2019) suggests leveraging upstream partners’ capabilities to establish 

technology platforms able to serve multiple markets over time. 

C:  When engaging in the market scoping process, 

I: leverage upstream partners’ capabilities to identify technology platforms 

M: enabling to serve multiple markets 

O: leading to more efficient use of time and resources.  
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4. Results 
This chapter discusses the results of both the empirical and theoretical analysis that lead to 

the answers of the research questions of this thesis. The chapter consist out of multiple sub-

sections: section 4.1 presents the results relevant for answering RQ1: “What is an 

appropriate market-scoping framework for Signify?”; section 4.2 presents the results relevant 

for answering RQ2: “What commercialization options has Signify to commercialize LiFi in an 

ambiguous Smart Mobility market?”. 

 

4.1 Market-scoping framework 
This section integrates the findings from both the theoretical and empirical analysis and aims 

to answer the first main research question: 

RQ1  What is an appropriate market-scoping framework for Signify? 

 

Before continuing to describe the results that led to the market-scoping framework the 

following paragraphs shorty summarize Signify’s current market-scoping process, a result of 

the empirical analysis. Appendix E describes the process in more detail. 

4.1.1 Signify’s current market-scoping process: the I2M process 
Signify’s Idea to Market (I2M) process consist out of two aspects that are relevant to the 

market scoping process: (1) the Exploration process; and (2) Value Proposition Creation 

(VPC) process. 

 

(1) The exploration process consists out of three phases; the first phase explores the options 

and defines the scope of the exploration project. The second phase is about ideating and 

experimenting and the final phase documents the results. Within the process there are gates 

after each phase. The gates can decide whether the project can be started or ended, and 

whether iteration is needed in the ideation and experimenting phase, or that the results are 

sufficient to be documented and thereby closing the project (gate decision CD and LOI 

respectively). 

 

(2) The VPC process clearly articulates the offer, states how the offer creates value for the 

customer by solving the customers problem, and how it differentiates from the competition. 

The stage-gated but iterative process rates the outcomes on five different maturity levels. 

The maturity levels indicate the depth and completeness of the VPC process. The different 

attributes that are required are clearly identified in the maturity grid (see appendix F). The 

outcomes of the VPC are summarized in a battlecard (see appendix G), which can help in 

presenting the identified market opportunities. 

 

Although the exploration and VPC process are defined as separate processes in the I2M 

process, there is a lot of interaction and iteration between the two and other processes in the 

I2M process. Especially in the New IoT Value Proposition department the processes 

exploration, VPC and Advanced Development are often run in parallel. The different 

processes feed the related processes with information bi-directionally. 

The exploration and VPC process also recommends a form of prioritization and assessment 

of the value propositions defined. Signify prioritizes and assesses the value propositions with 

discussions and focus groups in which the value propositions are presented or with MaBa 

analyses (see appendix H). 
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4.1.2 Comparing Signify’s processes with recommendations from literature 
The theoretical analysis of this thesis already explained that the market scoping consists out 

of 3 main activities: (1) market space anchoring; (2) market space substantiation; and (3) 

market space claiming activities (Molner et al., 2019). The market space anchoring activities 

can be linked with the exploration process of Signify’s I2M process. The VPC process can be 

linked to the market space substantiation and market space claiming activities. The 

properties of the market scoping activities in relation to a market ambiguity avoidance or 

market ambiguity acceptance mindset discussed before can be used to compare the steps in 

Signify’s process with recommendations from scientific literature. 

Between the theoretical and empirical analysis is also an important difference. Molner et al. 

(2019) suggest engaging in market scoping with a market ambiguity acceptance mindset to 

identify openly defined market spaces through upstream anchoring activities (identifying 

upstream partners, relevant technology benchmarks and clarifying contributions to existing 

technological knowledge). The anchoring activities then lead to the market space 

substantiation activities in which the market space is being opened even more and ultimately 

leads to a claimed openly defined market space that can serve multiple (downstream) 

markets over time. These activities have proven to lead to higher market scoping 

performance, more commercialization opportunities and faster initial investment. 

In contrast to what literature suggests, Signify has a more market ambiguity avoidance 

mindset. The I2M process indicates that with the exploration and VPC process the focus is 

mostly on defining separate market opportunities for specific end-use unmet needs. The 

exploration process is mostly focused on identifying downstream end-use scenarios and the 

VPC process that runs parallel is focused on better understanding the user needs, benefits, 

performance indications through experimenting and thereby narrowing down the market 

space. The maturity grid in the VPC process indicates that there is a preference for rapid 

resolution of the market ambiguity. Moving from level 1 to level 5 on the maturity grid is a 

clear example of assessing the feasibility of identified end-use scenarios. The I2M process 

thereby leads to closed ended claiming of market spaces and establishing direct access to 

downstream end-user markets in clearly defined definite market spaces. The theoretical 

analysis suggested that these outcomes typically lead to lower value approvability, fewer 

technology commercialization opportunities, delayed initial investment and less efficient 

resource allocation. 

Even though this contrast may imply that the market scoping process of Signify is flawed, it is 

important to mention that the market scoping framework defined in the theoretical analysis is 

based on commercializing new or emerging technologies (possibly also in new markets). 

The I2M process of Signify is also designed to commercialize well established, existing 

technologies in new or other markets than before. Hence, activities like narrowing down the 

relevant market space (identified opportunity) are a very important logic step in the process. 

By combining both analyses the proposed framework discussed in the next section is 

tailored to Signify’s market-scoping process for their LiFi technology. 
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4.1.3 The recommended market-scoping framework for Signify 
The proposed market-scoping framework consists out of four different phases: landscaping, 

market space anchoring, market space prioritization and market space claiming. Before the 

start of the market scoping process the objectives, scope, project team and resources are 

defined prior to the start of the process. The first two phases of landscaping and market 

space anchoring have a very iterative nature and run in parallel. The landscaping results 

continuously feed the market space anchoring activities (1), and the anchoring activities 

updates the landscape information after which potential new ecosystem actors or 

connectivity roles are defined (2). In contrast to the market scoping framework by Molner et 

al. (2019) that does not mention steps of iteration but mostly focuses on the managerial 

decisions, the empirical analysis showed that a final framework does need to include steps of 

iteration. After an initial list of market spaces has been identified, the next phase in the 

process is the prioritization (3), which will be discussed in further detail shortly. This phase 

then leads to the market space claiming activities (4). The gray arrow (5) in figure 8 indicates 

iteration of the anchoring activities until the maturity grid as identified in the empirical 

analysis has reached level 5 for the selected market spaces. New insights during the market 

space claiming activities can lead to new or updated market spaces, hence, iteration of the 

anchoring activities is suggested in the framework. 

The framework has multiple gates: PI, PS, PE stand for Project Initiated, Projected Start and 

Project End, respectively. The decision CD stand for Continuation Decided, a Go decision 

after which the process iterates to the anchoring activities, MSI stands for Market Space 

Identified. The MSI gate can either result in a Kill or Hold decision of the project. The 

following paragraphs describe each of the phases of the proposed market-scoping 

framework depicted in figure 8 and their origin in the analysis in more detail. 

 

Landscaping. After the market-scoping input parameters are defined the process starts with 

landscaping the environment, this is one of the phases identified in the exploration process 

that Signify uses in their I2M process. The importance of the ecosystem identified in the 

theoretical analysis (Adner, 2016; Talmar et al., 2018) is regarded by identifying the main 

actors in the ecosystem in the scope of the process. Identifying the actors beforehand makes 

it possible to more easily identify possible upstream- and downstream partners. Next to 

mapping the ecosystem the empirical analysis indicated that the alternative solutions related 

to the technology have to be mapped. Therefore, the connectivity alternatives in the market 

should be identified and with it a taxonomy that includes a classification of the different 

technologies in relation to their properties. After the landscape has been identified, the 

process continues to the anchoring phase. As discussed, from this point on, the landscaping 

process feeds the anchoring activities and the results from the anchoring activities updates 

the landscaping results. 

 

Market space anchoring. As described in the theoretical analysis, the market space 

anchoring activities refer to the managerial efforts to identify an initial set of market spaces 

for further consideration. Within the market scoping framework for Signify this phase and the 

market space substantiation activities described in the process described by Molner et al. 

(2019) are interwoven with the Value Proposition Creation process identified in the empirical 

analysis. These activities are combined because the market scoping framework by Molner et 

al. (2019) only discusses the managerial decisions to be made in each phase but does not 

discuss an actionable process of how to put these decisions into practice. The I2M process   
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Figure 8: Recommended market-scoping framework.
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has significant iteration in this phase of market scoping, consequently by integrating the 

empirical and theoretical analyses this iteration is implemented in the proposed market-

scoping process. By connecting with upstream- and downstream partners their capabilities 

can be leveraged to identify market spaces with underlying technology-to-market linkages. 

The identified technology-to-market linkages can then be further explored and defined by 

gathering market- and technology-specific information. This information can come from up- 

or downstream partners or from other data sources. By defining the interrelations between 

the identified technology-to-market linkages, an initial set of market spaces can be identified 

in which the technology-to-market linkages are categorized according to their relations with 

one another. 

 

Market space prioritization. The next phase in the process describes the assessment and 

prioritization of market spaces. The need for assessment was both identified in the empirical 

and theoretical analysis. Through the assessment the market spaces can be prioritized and 

thereby the market spaces with highest priority can be further analyzed. Before the market 

spaces could be assessed, the market spaces with the underlying technology-to-market 

linkages should at least have reached level one maturity on the maturity grid. This is required 

to have enough input and credibility for an assessment and prioritization. The theoretical and 

empirical analysis have led to a list of assessment factors on which the market spaces and 

market opportunities can be assessed. Multiple factors appeared in multiple sources of 

information. With this list an assessment form was developed in line with the market 

opportunity navigator (Gruber & Tal, 2017). This form is depicted in figure 9. In this form the 

assessment factors are categorized in six different categories. The form has 2 main columns: 

(1) Overall potential and (2) Overall challenge. Within both columns the six categories on 

which participants could score are ranging from low, medium, high, super high. After scoring 

the categories in each column, the participants can give a final score for each category and 

add comments if deemed necessary. The results of the scorings are all included in the 

framework that was delivered to Signify and will be discussed in the following section. 

Market space claiming. The final phase in the market-scoping process entail the market 

space claiming activities. In this final phase more information on the market spaces and 

technology-to-market linkages is gathered with the goal to progress on the maturity grid. 

After each iteration a decision has to be made to either continue the market scoping process 

(a Go decision) and iterate to obtain more depth in the market spaces, or to close the 

process with either a Hold or Kill decision. In that case the results are documented and with 

the results recommendations can be defined on how to proceed with the market spaces.  



 

 
 

 

 

Figure 9: Market space assessment tool. 



 

 
 

 

4.2 Market scoping for LiFi in Smart Mobility 
This section describes the market-scoping results of testing the recommended market-

scoping framework in the specific context of LiFi in the market of Smart Mobility. The results 

are described for each of the phases in the integrated market-scoping process discussed in 

the previous section: (1) Landscaping; (2) Market space anchoring; (3) Market space 

prioritization; (4) Market space claiming. For each of the processes the results were 

presented in the tool that was delivered to Signify, this section describes the results 

presented in the tool. The results of each of the phases provides input to the answer of the 

second main research question: 

RQ2 What commercialization options has Signify to commercialize LiFi in an 

ambiguous Smart Mobility market? 

 

4.2.1 Landscaping 
In this sub-section the results of the landscaping will be discussed, in which the current 

connectivity solutions, the Smart Mobility ecosystem and with it the potential partners is 

presented, thereby this sub-section answers the following sub-question: 

 

SQ2.1   How is the Smart Mobility ecosystem structured? 

The landscape of Smart Mobility was derived from both desk research and the explorative 

unstructured interviews. The book by Flügge (2017) extensively discussed the concept of 

Smart Mobility and introduced a landscape divided into four different quadrants. During the 

interviews it became clear that this landscape was not representing the existing situation yet, 

multiple changes have been made, actors have been redefined and categorized in a different 

way. Next to that the landscape did not yet include examples of actors in the ecosystem as 

defined by Adner (2016) and did not show their typical roles in the ecosystem. In conclusion, 

the introduced landscape extended and significantly adapted the landscape introduced by 

Flügge (2017). The four different quadrants, as depicted in figure 10, are (1) physical mobility 

front office; (2) consumers; (3) digital mobility front office; (4) mobility back office. As figure 

10 illustrates the quadrants are mapped over 2 axes: (1) the level of accessibility; and (2) 

ranging from service enablement to service enrichment.  

 
Figure 10: Smart Mobility landscape, adapted from Flügge (2017). 
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The axis of accessibility differentiates the quadrants in what happens on the background 

(less accessible) and what happens on the foreground in Smart Mobility (more accessible) 

from a consumer perspective. To illustrate, less accessible and something that typically 

happens in the background in the landscape is a broadcast channel in the digital mobility 

front office. A mode of transportation like the car in the physical mobility front office is an 

example that is more accessible and resides in the foreground of the landscape, thereby 

more accessible. 

The axis of service differentiates the landscape in what enables Smart Mobility, like a bus 

enabling you to move or an app enabling you to plan your trip, to what enriches the service: 

everything happening on the background to facilitate mobility and enrich this service.  

 

Appendix I depicts the different elements of the Smart Mobility landscape. The following 

paragraphs discuss each of the quadrants and their role in the landscape. 

 

The physical mobility front office encompasses all the physical aspects of Smart Mobility, in 

other words: enabling an individual to move. It differentiates 6 categories: (1) direct operation 

continuity, the entities that facilitate continues mobility; (2) mobility-as-a-Service enablement, 

making a distinction between private and public sharing of mobility; (3) mobility adjacent 

property, everything required to load and unload passengers or goods; (4) mobility mean, the 

transportation modes; (5) mobility operations mean, the infrastructure required for mobility; 

(6) the actual execution of mobility. 

 

The quadrant of consumers differentiates three levels of consumers: (1) direct mobility 

consumers, those individuals directly consuming mobility; (2) secondary addressable 

consumers as drivers, pilots etc.; and (3) tertiary addressable consumers, as freight that can 

be transported together with primary and secondary addressable consumers. 

 

The digital mobility front office entails the digital aspects that enable Smart Mobility. This 

quadrant also differentiates between categories: (1) digital concierge, those that facilitate the 

transition towards digital services; (2) mobility app providers; (3) broadcast channels that 

transfer information to consumers; (4) contextual insiders that inform and provide digital 

content; and (5) digital communities: the digital communities around Smart Mobility. 

 

The previous three quadrants mostly described the landscape around Smart Mobility, the 

final quadrant, the Mobility back office, describes the ecosystem and players in Smart 

Mobility, in line with the ecosystem-as-affiliation definition introduced in the theoretical 

analysis (Adner, 2016). Figure 11 illustrates all the different categories of actors identified in 

during the landscaping process, green marks Signify’s potential position in the ecosystem. 
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Figure 11: Mobility Back office. 

The Mobility back office lists different categories of actors of the ecosystem, within the tool 

each category of actors in the ecosystem is described along with their role in the ecosystem. 

For each category of actors, examples of actors in that category are given as well. This is 

illustrated in the tool in the format presented in figure 12. 

 

 

 
Figure 12: Example of category in the Mobility back office. 

As already shortly mentioned, the roles of actors in the ecosystem are also incorporated in 

the tool. Each role has been given a description, which can also be seen in appendix I. 

Part of the process of landscaping was to define alternative solutions for the technology in 

the market. Therefore, the connectivity alternatives in the market are described in the tool. 

The connectivity is described in terms of properties and a taxonomy is created that illustrates 

the different alternative technologies, also included in appendix I. 
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4.2.2 Market space anchoring 
This sub-section describes the results of the market-space-anchoring process. The market 

space anchoring activities describe the managerial efforts made to identify market spaces 

(Molner et al., 2019). Part of the process described was to connect with downstream- and 

upstream partners. Through the explorative unstructured interviews, the conference 

participation, desk research and cold-calling of potential upstream and downstream partners 

the initial list of technology-to-market linkages was identified. The goal of this phase is solely 

to identify market spaces and gather more detailed information on the identified market 

spaces. The relations between the technology-to-market linkages were defined based on the 

type of market and environment of the technology-to-market linkages. In total five market 

spaces were defined initially, with eleven underlying technology-to-market linkages. During 

the semi-structured interviews two additional end-use scenarios were identified, adding two 

technology-to-market linkages in four redefined market spaces. This resulted in the final 

market spaces: (1) Connected and automated driving with seven technology-to-market 

linkages; (2) Traffic management with three technology-to-market linkages; (3) Railway with 

two technology-to-market linkages; and (4) Last mile logistics having one technology-to-

market-linkage. Appendix S depicts the identified technology-to-market linkages with a short 

description. 

 

For each of the market spaces with the underlying technology-to-market linkages more 

information was gathered on each of the categories identified on the maturity grid, creating 

an initial level of maturity of the technology-to-market linkages that was required for the 

prioritization process. Through desk research and the input from the exploratory interviews 

and conference participation this level one maturity was reached, making it possible to move 

forward with the prioritization of the market spaces. 

 

4.2.3 Market space prioritization 
During the market space prioritization process the initially identified market spaces were 

prioritized based on their expected feasibility. This prioritization enabled to focus the limited 

time and resources of this thesis on the market space and technology-to-market linkages 

regarded most feasible at this point. 

The prioritization was done using the two focus groups and an individual assessment of the 

technology-to-market linkages between the two focus groups. During the focus groups the 

assessment form described earlier in section 4.1 was used. The information on each of the 

technology-to-market linkages was presented in a format comparable to the Battlecard 

(appendix G) of Signify and on recommendations from the company supervisors, the format 

is depicted in appendix J. 

 

After the market spaces, technology-to-market linkages and individual scorings were 

discussed, a final averaged score to each of the technology-to-market linkages was given. 

The unlabeled scorings for the technology-to-market linkages are illustrated in figure 13 and 

included in appendix T in full detail. Please note that not all the technology-to-market 

linkages were included in the prioritization because of time constraints or because they were 

not yet identified at that point. As can be seen in figure 13 two clusters of technology-to-

market linkages can be identified. One cluster has higher overall potential and lower 

challenge, typically the technology-to-market linkages categorized as “gold mines” (top-left 

quadrant) and “quick wins” (bottom-left quadrant). The other cluster with on average lower 
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potential but higher challenge contains the questionable (bottom-right quadrant) technology-

to-market linkages and the “moon shots” (top-right quadrant). 

 

For the remainder of this thesis it was concluded to continue with one technology-to-market 

linkage in the market space Connected and automated driving, outlined in red in figure 13. 

Even though this technology-to-market linkage has a higher challenge compared to the other 

technology-to-market linkages in that cluster the decision was made to continue with the 

outlined technology-to-market linkage. This was done because the other technology-to-

market linkages resided in either a smaller, more complex or less accessible market than the 

chosen technology-to-market linkage. Because of the limited time available in this thesis the 

choice was made to continue with a more accessible technology-to-market linkage that had 

highest potential, even though it was expected to have a somewhat higher challenge than 

the alternatives. 

  

Figure 13: Prioritized technology-to-market linkages. 

4.2.4 Market space claiming 
In this final sub-section of this chapter the market space claiming results are discussed. The 

market space claiming activities were described by Molner et al. (2019) as the managerial 

efforts to formalize the nature and scope of a set of market space options. With the 

integration of both the theoretical and empirical research the semi-structured interviews with 

both up- and downstream partners led to a combination of both further exploring the chosen 

technology-to-market linkage in the prioritization process, while still aiming to establish an 

openly defined market space Connected and automated driving. The following paragraphs 

describe the results of the technology-to-market linkage with highest priority for Signify and 

pave the way to the answer of the second main research question, answered in the final 

chapter of this thesis. 

 

The semi-structured interview questions were based on a selection of assessment factors 

that was established through discussions at Signify. The assessment factors were used to 

define the relevant questions for the interview guide and in the analysis by using the factors 

as pre-identified codes. Using this method, the results of both focus groups and individual 

scorings of the assessment could be integrated with the results of the semi-structured 

interviews. Thereby the obtained information on technology-to-market linkage enabled 

further depth of information around the technology-to-market linkage discussed during the 

semi-structured interviews. Next to further progressing on the maturity grid to obtain further 
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detail on the identified technology-to-market linkage, the semi-structured interviews were 

also aimed to establish openly defined extendable market spaces and recommendations for 

implementation. In total nine upstream- and downstream actors were interviewed during the 

market space claiming phase of the market-scoping process. The remainder of this section 

compares the results from the focus groups with the results from the semi-structured 

interviews. During the focus groups expectations on each of the assessment factors were 

discussed, differences in insights gathered between both data sources will be discussed. A 

summary of the identified gaps is illustrated in table 9. Even though most of the gaps are 

related with one another, the results will be discussed on a descriptor level to clearly state 

the exact cause of the gap. These results can be found in appendix U. 

Table 9: 

Comparison of results 

Node Descriptor Different insights? 

Compelling reason to buy Unmet need 
Market demand 
Superiority 
Effective solution 
Compatibility 
Willingness to pay 
Timing of entry 

Yes 
No 
No 
No 
Yes 
Yes 
No 

Market volume Market size 
Expected growth 
Previous installed base 
Bandwagon effect 

No 
Yes 
No 
No 

Economic viability Margins (value vs. cost) 
Customer’s ability to pay 
Customer stickiness 
Network externalities 

No 
No 
No 
No 

Implementation obstacles Product development difficulties 
Funding challenges 

No 
No 

Time to revenue Market readiness Yes 

External risks Competitive threat 
Switching costs 
Standardization 
Barriers to adoption 
Antitrust laws 
Regulators  
Market uncertainty 

No 
No 
No 
Yes 
No 
Yes 
Yes 

 

The results in appendix U conclude in four core aspects that should be taken into 

consideration when developing an implementation plan. The implementation plan is based 

on results from the semi-structured interviews and an additional unstructured interview with a 

Smart Mobility expert. Because the semi-structured interviews only considered one 

technology-to-market linkage, the implementation plan is limited to the market space 

Connected and automated driving in which the technology-to-market linkage resides. The 

implementation is based on three main activities that are required for commercializing LiFi in 

the market space of Connected and automated driving. The following paragraphs describe 

the activities: I1, I2 and I3, depicted in figure 14. 
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Figure 14: Implementation plan Connected and automated driving. 

 

I1 is about sensitization of the technology. In other words: creating awareness, making sure 

that the core aspects mentioned before are known by both businesses and the public. Even 

though it might seem like a relatively simple step, sensitization is an absolute requirement to 

commercialize LiFi in the mature automotive industry, it can make or break the entire 

implementation of LiFi in this market. It is about further engaging with up- and downstream 

actors, spreading the story and selling key points of LiFi technology over existing 

technologies. Particularly important because at this point LiFi is barely familiar to anyone in 

any market, let alone that it has proven itself. 

Within I2 the key message is to keep developing the technology by both implementing it in 

already feasible end-use scenarios and by running research projects and pilots (i.e. quick 

wins). The aim of I2 is to make sure the technology is mature once the bigger end-use 

scenarios become feasible. Implementing the technology and running projects and pilots 

also contributes to sensitization in I1. Successful pilots and commercialization of other or 

confined end-use scenarios in Smart Mobility, or even entirely different markets greatly 

contributes to creating awareness of the technology. One of the reasons we suggest Signify 

to further investigate their options for the governance approach Strategic Niche 

Management, defined as the creation, development and controlled phase-out of protected 

spaces for the development and use of promising technologies (Kemp, Schot, & Hoogma, 

1998). Goals defined for Strategic Niche Management serve as input for both I1, I2 and I3, 

namely: (1) articulating technology changes in the institutional framework necessary for 

economic success of the technology; (2) learning more about the feasibility of different 

technology options; (3) stimulate further development of the technology; and (4) building of 

social networks to facilitate interactions between relevant stakeholders and provide 

necessary resources (Kemp et al., 1998; Raven, Van Den Bosch, & Weterings, 2010; Schot 

& Geels, 2008). Appendix V further discusses Strategic Niche management and its 

relevance to this context. 

The third aspect I3 focuses on identifying the point in time when the bigger end-use 

scenarios can be commercialized. In order to do so Signify should determine how it can 

recognize a viable incubation environment and what to define as factors that indicate 

acceleration in the market in terms of (one of) the four core aspects required to 

commercialize LiFi technology in the market space. It requires input from the market for 

which the sensitization is crucial because established connections in the market will 

Incubate

I1 Sensitization

I2 Quick wins

I3 Scenario planning
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contribute in staying up to date with the latest developments. Logically, following the 

developments in the market to identify the tipping point at which the technology-to-market 

linkages become feasible require investments in market analyses. When I3 has indicated 

that the incubation environment required has developed itself, the technology can be 

incubated in the market. 
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5. Discussion and conclusions 
The purpose of this final chapter of this thesis is to conclude, reflect and interpret the results 

and quality of this study. The previous chapters of this thesis combined both empirical and 

theoretical analyses to develop design principles that eventually led to a final solution design. 

The previous chapters have contributed to answering the main research questions of this 

thesis. In the section 5.1 the findings of this study will be concluded and the answers to the 

research questions will be given. Section 5.2 discusses the managerial implications. Then 

section 5.3 of this chapter will reflect on the final solution design, followed by section 5.4 in 

which the validity, reliability and limitations are discussed and finally section 5.5 discusses 

theoretical implications and future research directions. 

 

5.1 Answers to research questions 
This study was aimed to give directions in how Signify could commercialize their LiFi 

technology in an ambiguous market new to Signify. This section summarizes the answers to 

the research questions that conclude in the final answer of the research question of this 

thesis. The answer to the research question also lead to managerial implications for Signify. 

 

The study was focused on building a tool that included all the relevant aspects required to 

answer the main research question of this thesis. The sub-questions functioned as guidance 

to come to a final answer. This started by defining how successful market scoping was 

currently defined in scientific literature (SQ1.1). The theoretical analysis defined the market 

scoping process by Molner et al. (2019) in detail and gave directions of how to engage in the 

market scoping process. In order to come to a tailored solution for Signify, the market 

scoping process defined in scientific literature was compared to Signify’s current process: 

the I2M process (SQ1.2). An integration of both processes resulted in a recommended 

market-scoping framework that would help Signify in their market-scoping efforts for LiFi 

technology. The empirical and theoretical analyses have led to the answer to the first main 

research question: 

 

RQ1  What is an appropriate market-scoping framework for Signify? 

 

Within this framework several aspects needed to be included, as identified in the 

introduction, problem definition and empirical context of this thesis. The introduced 

framework consists out of four phases: (1) Landscaping; (2) Market space anchoring; (3) 

Market space prioritization; and (4) Market space claiming. First, as the market of Smart 

Mobility was new to Signify, the landscape and ecosystem of this market needed to be 

clearly defined. The ecosystem was mapped in the tool developed, consisting out of multiple 

categories of actors, for each category multiple examples of actors were defined along with 

the role that they typically have. After identifying an initial list of market spaces, literature and 

also Signify indicated to require some form of assessment of the market spaces, as Signify 

also has in their I2M process. Therefore, the framework included the market space 

prioritization phase. The assessment methods of Signify were combined with assessment 

factors identified in literature, together with standardization success factors. Using this form 

of prioritization both market spaces could be assessed (SQ2.2), and standardization success 

factors were included in selecting market spaces. In this way standardization was considered 

when engaging in market scoping for LiFi technology (SQ2.3). By considering first order 

elements as described by den Uijl (2015) during the prioritization phase and claiming phase, 
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a commercialization plan was designed accordingly. The framework suggests several steps 

of iteration. Landscaping and Market space anchoring activities continuously feed each other 

with new information and can therefore often run in parallel. After the market space claiming 

activities are concluded, the decision can be made to either document the results and 

conclude the market space, or to iterate and further continue on the maturity grid by 

obtaining more in-depth information. The decisions are made based on a stage-gated 

principle, after each iteration the decision is made to either proceed with (Go), Hold or kill the 

identified market space.  

 

The outcomes of testing the design by putting it into practice into the specific empirical 

context gives a final answer to the second main research question of this thesis.  

 

RQ2 What commercialization options has Signify to commercialize LiFi in an ambiguous 

Smart Mobility market? 

 

After going through the landscaping (answering SQ2.1), anchoring, prioritization and 

claiming phase, this study identified 4 market spaces with a total of thirteen underlying 

technology-to-market linkages, all included in the tool delivered to Signify. Of the thirteen 

technology-to-market linkages only one technology-to-market linkage was further evaluated 

using the semi-structured interviews. Although the other twelve technology-to-market 

linkages are also options for Signify to commercialize LiFi technology, they vary in the 

expected feasibility that was assessed during the prioritization phase. Therefore, not all 

technology-to-market linkages can be recommended as commercialization option for Signify. 

The prioritization phase marked three other technology-to-market linkages with a high 

expected feasibility, these three are recommended to soon be explored in more depth to be 

able to verify the expectations of the focus groups. 

In summary, although there more commercialization options, the answer of this research 

question is mainly focused on the results originating from the semi-structured interviews 

conducted. Even though the activities were aimed at one market space, the interviews with 

up- and downstream partners were aimed at establishing technology platforms serving 

multiple markets, transcending end-use scenarios while still establishing direct access to 

end-user markets to verify the focus group findings. Because of this, the answer also relates 

to the market space level, however, further exploration of the other technology-to-market 

linkages in that market space is required for higher validity. Appendix W further describes the 

conclusions regarding RQ2. 

 

 

5.2 Managerial implications 
Building on the answer of the main research questions and the results of both the empirical 

and theoretical analysis, this study suggests several managerial implications. 

First, and relevant to the first main research question of this thesis, this study proposed a 

market-scoping framework for Signify to engage in market scoping for emerging platform 

technologies. We suggest Signify to move away from their typical market ambiguity 

avoidance mindset when engaging in market-scoping activities for technologies involving 

high market ambiguity. In order to do so Signify should redefine their I2M process and 

differentiate between different types of technology emergence. The current processes 

suggest the same steps for any type of technology (i.e. new, mature, low or high ambiguity, 
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technology push or market pull). The market scoping process should be tailored to different 

types of technology emergence to maximize market scoping performance outcomes. In 

Signify’s current I2M process there is no room for market ambiguity avoidance. Whereas 

Signify’s I2M process is typically focused on establishing early market space clarity by 

identifying end user situations, needs and assessment of those situations, the recommended 

framework suggests a more gradual resolution of market space ambiguity. It does this by 

combining both the theoretical and empirical research, that combines the market scoping 

recommendations from Molner et al. (2019) with Signify’s current processes. The framework 

recommends defining open-ended market spaces that are continuously updated, verified and 

prioritized through an iterative process. The early landscaping of the market contributes to 

identifying both upstream- and downstream partners that (1) help in identifying possible end-

use scenarios; and (2) further exploring the technology’s capabilities. The recommended 

market-scoping process results in both verified openly-defined market spaces and aims to 

establish technology-platforms able to serve multiple markets over time. The combination of 

both is likely to result in higher market scoping performance outcomes while still establishing 

feasible commercialization options. 

Second, and most relevant to the second main research question of this thesis, this study 

suggests an implementation plan for Signify to continue with LiFi technology in Connected 

and automated driving. The implementation plan is based on three main aspects that are 

required for commercializing LiFi in the market space of Connected and automated driving. 

The following paragraphs describe the aspects I1, I2 and I3: Sensitization, Quick wins and 

Scenario planning respectively. The results section described the suggested 

recommendations for Signify regarding the proposed implementation plan. 

Other actions that Signify should take to proceed at this point is to further develop the 

proposed implementation plan, a first thing on the agenda is to exactly define the incubation 

environment. Besides all the discussed, and zooming out, Signify should still proceed with 

the market-scoping process initiated for this study on the other identified market spaces, in 

the order of the prioritized technology-to-market linkages. Thereby confirming or 

disconfirming the need for the already identified technology-to-market linkages. Continuing 

the market-scoping process enables Signify to commercialize LiFi technology in potential 

situations, leading to technological progress and more awareness of the technology. Also, 

Signify should establish a team that has extensive experience in the automotive industry. 

Meaning not just about Smart Mobility in general, but specifically with a deep understanding 

of the automotive industry (i.e. research and development processes, new product 

development processes), government positioning and with industry-wide connections. 

Leveraging these capabilities, it is possible to establish an ecosystem in which projects and 

pilots can be started to further develop the technology’s capabilities and create more 

technology awareness. 

Finally, and part of the recommended market-scoping process, this study also suggested a 

method to assess and prioritize market spaces that is both based on previous methods from 

Signify and theoretical research conducted. We suggest that this method will be used in 

future prioritization and assessment of identified market opportunities, either in their future 

market-scoping activities or in other situations. 
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5.3 Design reflection 
This section reflects how the design principles and requirements that were established were 

implemented in the final result. The following subsections list each design principle and 

requirement and the way it is integrated in the final result. As described later in this section, 

only one beta test has been conducted. Therefore, the design is still considered to be in an 

early phase and needs more extensive testing, preferably also in other firms experiencing 

similar market-scoping difficulties. 

 

5.3.1 Design principles 
1. Upstream 

When engaging in the market scoping process, upstream partners should be identified 

offering technology-specific inputs that help clarifying the technology’s contribution to the 

existing situation. 

This design principle was implemented in several ways. First, as the principle states, 

upstream partners were identified in during the landscaping process. Second, with the help 

of these potential upstream partners the semi-structured interviews gave input to progress on 

the maturity grid, which further pointed out the strengths and weaknesses of the technology. 

Third, during the market space claiming potential upstream partners were identified to further 

explore the capabilities of the technology and clarify the technology’s contribution to the 

existing situation. 

 

2. Ecosystem 

When engaging in the market scoping process, there should be a clear overview of the 

ecosystem to help in the identification of upstream partners leading to higher market scoping 

performance. 

During the landscaping process the aim was to give an overview of everything entailing 

Smart Mobility, part of that was the ecosystem around Smart Mobility. Identifying categories 

and actors in each category greatly contributed to identifying potential upstream- and 

downstream partners. The identification of actors was done in line with the definition 

“ecosystem-as-affiliation” as described by Adner (2016). 

 

3. Exploratory 

When engaging in the market scoping process, engage in exploratory market substantiation 

processes that will leverage upstream partner’s capabilities thereby opening up the relevant 

market spaces. 

This design principle originated from the theoretical analysis. The empirical analysis also 

recommends testing and experiment during the VPC process. The introduced market-

scoping framework in this thesis therefore also recommends these activities. 

However, due to the limited time and resources available in this thesis testing and 

experimenting with or without upstream partners was not possible. Instead, interviews were 

conducted with both up- and downstream partners to leverage their knowledge to further 

explore the technology-to-market linkage selected and capabilities in the market space. 

 

4. Assess 

When engaging in the market scoping process, market spaces should be assessed with 

research-based factors thereby validating the identified market spaces leading to a more 

tailored final solution design. 
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This design principle was implemented in the form of the market space prioritization process. 

The process was aimed to assess the feasibility of the market spaces during the market 

scoping process. Multiple success factors were identified in both the empirical and 

theoretical research that were implemented in focus groups and individual assessment 

forms. The prioritization of market spaces helped to distribute time and resources over the 

market spaces with highest priority according to Signify. 

 

5. Standardization 

When assessing market spaces, standardization success factors should be considered 

enabling a commercialization strategy to be set up accordingly increasing the chances of 

commercial success. 

Standardization was considered in the prioritization phase in the market-scoping process. 

Multiple standardization success factors identified in the theoretical analysis (den Uijl, 2015; 

Van de Kaa et al., 2011) were considered when assessing the technology-to-market 

linkages. By doing this, assessors of the market spaces could account for feasibility of the 

market space with respect to the identified standardization success factors. Therefore, 

standardization is considered in defining commercialization recommendations for Signify’s 

LiFi technology. Prior to the start of this thesis standardization was expected to be of higher 

importance, however, secondary data sources, semi-structured interviews, unstructured 

interviews and Signify itself indicated that standardization was just one of the many factors 

important in the market scoping process. Consequently, the emphasis on this topic was 

slightly reduced in this study. 

 

6. Open-ended 

When engaging in the market scoping process, open-ended market spaces should be 

defined making market spaces extendable enabling future end-use scenarios to be 

implemented more easily. 

This design principle was implemented during the market space claiming activities. Even 

though these activities were primarily focused on one technology-to-market linkage, the 

interviews with upstream and downstream partners still contributed to defining open-ended 

market spaces. This was done by also discussing the potential of technology platforms 

during the semi-structured interviews, in this case related to connected automated driving. 

The claiming activities were focused to develop a broad extendable technology platform in 

which end-use scenarios, either already identified or new, could be integrated more easily. 

Because of the limited time, the semi-structured interviews only focused on one market 

space. 

 

7. Platforms 

When engaging in the market scoping process, leverage upstream partners’ capabilities to 

identify technology platforms enabling to serve multiple markets leading to more efficient use 

of time and resources. 

As discussed in the previous paragraph, the aim of the claiming activities was to establish an 

openly defined technology platform able to serve multiple markets over time. This design 

principle was implemented for only one of the market spaces because of the time and 

resources available only one technology-to-market linkage was further explored, however, 

recommendations were made for the broad market space Connected and automated driving, 

which could serve multiple markets over time. 
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5.3.2 Design requirements  
This sub-section reflects the final solution design regarding the design requirements that 

were established. 

Functional requirements 

1. Give a clear overview of the current Smart Mobility market. 

The landscaping process resulted in a broad overview of the Smart Mobility landscape 

including its users, ecosystem, and current solutions with respect to LiFi technology. 

2. Give a clear overview of the recommended market-scoping process. 

The market-scoping process has been discussed in the previous chapter of this thesis and 

was implemented in the tool. 

3. Include an assessment and prioritization of the identified market spaces. 

The assessment of market spaces was done using the assessment form based on both 

theoretical and empirical research, the results are added in the tool delivered to Signify. 

4. Validate market spaces with potential downstream partners. 

Due to the limited time and resources of this study only one technology-to-market linkage in 

one market space could be validated. 

5. Deliver actionable commercialization options for Signify. 

Also, because of time and resources available recommendations could only be made for one 

market space. 

6. Identify actors and / or partners to further engage with. 

Although the results indicated that the technology-to-market linkage resides in a more distant 

future, actionable recommendations are made in which actors are identified that can be 

further engaged with at this point in time to commercialize the technology. 

 

User requirements 

1. The final solution design should be easy to understand and usable for any individual 

without the need of any background knowledge. 

Explanations of how to use the tool and definitions were added in the tool to make the tool 

easy-to-use. 

 

Boundary conditions 

1. The market scoping process should focus on the Smart Mobility market only. 

This was realized by clearly defining the Smart Mobility market prior to the start of this study. 

2. The market scoping process should focus on LiFi technology commercialization 

options only. 

This was realized by explicitly engage in market-scoping for LiFi related end-use scenarios. 

 

5.4 Research quality and limitations 
Van Aken et al. (2007) defined several criteria to assess research quality: controllability, 

reliability, and validity. Controllability relates to the research method and how the results are 

generated. Reliability relates to the reproducibility of the research and whether it will produce 

similar results. Validity indicates if the findings of the research truly represent the 

phenomenon that is being researched. Research quality in terms of controllability was 

established by using multiple sources of methodological literature that described and 

suggested the most appropriate research methods with respect to the context and describe 

those in a clear way. The quality of the final solution design was realized by using both 

alpha- and beta testing, the tests are described in the next sub-section. The following 
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paragraphs will describe the research quality in terms of reliability and validity and also 

present the limitations of this research. 

Using the triangulation method by combining the data from various sources into the analysis, 

the reliability and validity of the results was increased compared to using just one data 

source in the analysis, furthermore it also decreased the researcher’s bias (Patton, 2002; 

Yin, 2009). This triangulation method was used throughout this thesis. The following 

paragraphs describe the research quality and limitations regarding each aspect of this thesis. 

Regarding the results related to RQ1: “What is an appropriate market-scoping framework for 

Signify?”, the validity of the market-scoping framework that was identified using scientific 

literature and empirical data is limited. This is mainly because market-scoping literature is 

scarce (Molner et al., 2019). Not many studies have yet investigated how to engage in 

market-scoping activities. The study by Molner et al. (2019) is a study that combines findings 

from an extensive dataset, but is one of the very few studies on managerial actions and 

decisions regarding market scoping and its performance. These findings were combined with 

the empirical context to come to propose a tailored market-scoping framework. 

Regarding RQ2: “What commercialization options has Signify to commercialize LiFi in 

an ambiguous Smart Mobility market?”, validity and reliability during the landscaping process 

was realized by using both input from desk research on ecosystems and using the expertise 

of Smart Mobility experts. It can be argued that this ecosystem still needs to be verified over 

time when more and more experience in the market is gained. Hence, the time and 

resources available of this thesis limited the validity of the ecosystem.  

 

The validity of the market space anchoring process was increased by using data of the 

market gathered from multiple sources. These sources included desk research, explorative 

unstructured interviews, and data gathered at the Smart Mobility conference in Barcelona, by 

using these different sources a very representative sample of the market was used in the 

analysis that greatly contributed to the validity and reliability of the results. Ideally more time 

would have allowed to do more explorative research to identify more technology-to-market 

linkages and market spaces. 

During the market space prioritization process validity and reliability of assessment factors 

was guaranteed by using input from multiple sources, both theoretical market opportunity 

success factors, standardization success factors and factors identified in empirical research 

were used. During the actual assessment the first focus group lacked the time required to 

discuss all technology-to-market linkages and led to results that could not be used for 

prioritization. In order to realize validity of the focus group, individual scorings were used, 

and a second shorter focus group was planned to discuss the individual scorings. Focus 

groups with different individuals should have been conducted to increase reliability. 

Finally, most of the limitations and lack in validity and reliability are related to the final phase 

in the proposed market-scoping framework, the market space anchoring processes. The 

results of this phase in the process greatly depend on the network of the researcher, the 

availability of the interviewees, and the time available to conduct the time-consuming semi-

structured interviews. Ideally this phase in the market scoping process would have involved 

all the identified technology-to-market linkages in a market space to be able to identify new 

technology-to-market linkages and redefine the market spaces based on that input. Although 

triangulation is used, in an ideal case, claims that were made by interviewees should be 
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cross-checked and validated with other interviewees as well. Next to the interviews in this 

phase of the market-scoping process, the framework also suggests experimenting and 

testing. Due to the time and resources available this was not possible. The identified 

technology-to-market linkages only came to level 1 VPC maturity, except for the technology-

to-market linkage discussed during the semi-structured interviews, which came to level 2/3. 

Ideally you would progress all the technology-to-market linkages with high priority and make 

decisions on which market spaces to proceed with, and which ones to hold or kill. 

In conclusion, time, resources and the available network of connections were the main 

limiting factors in this study. 

5.4.1 Tests conducted 
The final solution design is the result of many steps and iterations during the thesis. Both 

alpha- and beta testing led to the final solution design, an overview of the tests along the 

process is depicted in table 10. 

 

5.5 Theoretical implications and future research 
The final section of this thesis discusses the theoretical implications that this study brings, 

along with suggestions for future research. 

 

This study combined theories of both market scoping (Molner et al., 2019) with opportunity 

evaluation (Gruber et al., 2015) using a theoretical and practical-based design to scope 

nascent markets for emerging platform technologies. The practical insights confirmed the 

complexity of the market-scoping process for technologies with high market ambiguity that 

managerial literature has described. However, whereas managerial literature described 

market-scoping mindset and related decisions to cope with market ambiguity (Molner et al., 

2019), this study proposed an actionable market-scoping process to cope with high market 

ambiguity. This study combined an existing stage-gated new product development process 

from practice with findings in managerial literature on market scoping. The proposed market-

scoping process that describes a market-scoping process for emerging platform 

technologies. We suggest future research to further investigate the effectiveness of the 

proposed market-scoping framework. We also suggest investigating the applicability of the 

proposed market-scoping framework in other firms experiencing similar difficulties. 

 

This study contributes to opportunity evaluation literature (Gruber et al., 2015) by confirming 

opportunity success factors identified in managerial literature (Gruber & Tal, 2017), with 

findings in the empirical analysis. Together with the standardization success factors 

identified in this study we have extended a method for opportunity evaluation. We suggest 

further research to investigate the relation between opportunity success rate and the 

evaluation scores during the prioritization phase of the tool. A quantitative study between 

these two factors might indicate which factors are more decisive in terms of obtaining 

commercial success than others and indicate possible inter-relations between the factors. 

Furthermore, despite theoretical indications that standardization success factors are of 

significant importance in the market-scoping process, our empirics did not support this 

insight. That we did not observe this could depend on our specific research setting: LiFi in 

Smart Mobility. Finally, we therefore suggest verifying the effectiveness of implementing the 

standardization success factors in market opportunity evaluation with this method and 

especially identifying when implementing standardization success factors would be most 

effective. 
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Table 10:  

Tests conducted. 

Alpha tests 

# Version Date Goal Description Outcome Decision 

A1 

Initial 
ecosystem 

17-10-
2019 

Validate 
ecosystem 

During the interview the 
current trends in Smart 
Mobility were discussed 
while comparing it to 
the first version of the 
Smart Mobility 
Ecosystem. The 
ecosystem was 
necessary to more 
easily identify the 
market spaces. 

It became clear 
that there were 
multiple actors 
missing in the 
ecosystem 
identified up 
until then. 

The missing 
actors were added 
to the ecosystem 
and a new 
validation was 
required to have a 
final version of the 
ecosystem. 

Improved 
ecosystem 

24-10-
2019 

The changes made to 
the ecosystem needed 
to be tested again to 
have a final validation 
of the ecosystem being 
used during for the 
market scoping 
process. 

The ecosystem 
defined can be 
used for the 
market scoping 
process. 

The version of the 
ecosystem will be 
used to identify 
market spaces 
and to link 
technology-to-
market linkages 
with the 
ecosystem. 

A2 

Initial 
connectivity 
overview 

24-10-
2019 

Validate 
connectivity 
overview 

The current connectivity 
was discussed through 
identifying current 
trends and comparing 
them to where to place 
them in the overview. 

Several 
communication 
technologies 
and their 
properties for 
the taxonomy 
were missing. 

The 
communication 
technologies were 
added, and a next 
validation is 
required. 

Improved 
connectivity 
overview 

(17/19)-
11-2019 

The new version of the 
connectivity overview 
was tested during the 
Smart Mobility 
congress. 

No more 
additions of 
technologies 
were identified 
during the 
conference. 

The connectivity 
overview can be 
used during the 
remainder of the 
project. 

A3 

Initial 
market 
scoping 
framework 

8-11-
2019 

Validate 
framework 

The first version of the 
framework was 
discussed within Signify 
to identify if all required 
steps in the process 
were implemented 
successfully. 

The market 
scoping 
framework and 
Signify’s 
current process 
needed more 
integration with 
one another. 

Within the process 
multiple steps 
were added and 
combined to come 
to a more tailored 
final framework. 

16-12-
2019 

The implementation of 
the steps was reviewed 
through discussions 
within Signify. Also, a 
selection was made of 
success factors 
(generic, and 
standardization) 
required for the 
prioritization phase. 

The format of 
the assessment 
of the market 
spaces needed 
resemblance 
with the 
battlecard. The 
selection of 
factors was 
made. 

The assessment 
procedure of the 
market spaces 
was fine-tuned to 
have a clearer 
overview of the 
market spaces 
with the 
technology-to-
market linkages. 

Beta tests 

B1 

Improved 
market 
scoping 
framework 

30-01-
2020 

Validate 
framework 

The final framework 
that was designed was 
discussed and 
evaluated to check 
whether it suffices the 
expectations of Signify. 

The steps in the 
process were in 
line with all that 
was discussed 
over the past 
months in the 
process and 
can be useful in 
future market-
scoping 
activities. 

The improved 
market scoping 
framework will be 
considered as the 
final 
recommendation 
to engage in 
market scoping 
with high market 
ambiguity. 



 

59 
 

 

Bibliography 
Aarikka-Stenroos, L., & Ritala, P. (2017). Network management in the era of ecosystems: 

Systematic review and management framework. Industrial Marketing Management, 67, 
23–36. https://doi.org/10.1016/j.indmarman.2017.08.010 

Adner, R. (2016). Ecosystem as Structure: An Actionable Construct for Strategy. Journal of 
Management, 43(1), 39–58. https://doi.org/10.1177/0149206316678451 

Aken. (2004). Management Research Based on the Paradigm of the Design Sciences: The 
Quest for Field-Tested and Grounded Technological Rules. Journal of Management 
Studies, 41(2), 219–246. https://doi.org/10.1111/j.1467-6486.2004.00430.x 

Alvarez, S. A., Barney, J. B., & Anderson, P. (2013). Forming and exploiting opportunities: 
The implications of discovery and creation processes for entrepreneurial and 
organizational research. Organization Science, 24(1), 301–317. 
https://doi.org/10.1287/orsc.1110.0727 

Apax Partners. (2011). Understanding Technology Transfer. 
Bailey, K. D. (1994). Methods of social research (4th ed.). The Free Press. 
Baldwin, C. Y., & Woodard, J. (2009). Platforms, Markets and Innovation. Platforms, markets 

and innovation (Vol. 32). https://doi.org/10.4337/9781849803311.00008 
Becker, H. S., & Geer, B. (1957). Participant Observation and Interviewing: A Comparison. 

Human Organization. Society for Applied Anthropology. 
https://doi.org/10.2307/44127708 

Bell, Bryman, & Harley. (2018). Business research methods (5th ed.). Oxford University 
Press. 

Benevolo, C., Dameri, R. P., & D’Auria, B. (2016). Smart mobility in smart city. Empowering 
Organizations, 13–28. 

Bilgeri, D., & Wortmann, F. (2017). Barriers to IoT Business Model Innovation. 
Wirtschaftsinformatik 2017 Proceedings. Retrieved from 
https://aisel.aisnet.org/wi2017/track09/paper/2 

Caetano, M., & Amaral, D. C. (2011). Roadmapping for technology push and partnership: A 
contribution for open innovation environments. Technovation, 31(7), 320–335. 
https://doi.org/10.1016/j.technovation.2011.01.005 

Centenaro, M., Vangelista, L., Zanella, A., & Zorzi, M. (2016). Long-range communications in 
unlicensed bands: The rising stars in the IoT and smart city scenarios. IEEE Wireless 
Communications, 23(5), 60–67. https://doi.org/10.1109/MWC.2016.7721743 

Chan, H. C. Y. (2014). Internet of Things Business Models. Journal of Service Science and 
Management, 8, 552–568. https://doi.org/10.4236/jssm.2015.84056 

Chandy, R., Hopstaken, B., Narasimhan, O., & Prabhu, J. (2006). From invention to 
innovation: Conversion ability in product development. Journal of Marketing Research, 
43(3), 494–508. https://doi.org/10.1509/jmkr.43.3.494 

Correa, A., Hamid, A., & Sparks, E. (2018). Li-Fi Based Smart Traffic Network. In 2018 IEEE 
Transportation and Electrification Conference and Expo, ITEC 2018 (pp. 570–575). 
Institute of Electrical and Electronics Engineers Inc. 
https://doi.org/10.1109/ITEC.2018.8450245 

Creswell, J. W., Hanson, W. E., Clark Plano, V. L., & Morales, A. (2007). Qualitative 
Research Designs: Selection and Implementation. The Counseling Psychologist, 35(2), 
236–264. https://doi.org/10.1177/0011000006287390 

Dameri, R. P. (2017). Smart City Implementation. Springer, Cham, 1–22. 
Danneels, E. (2007). The process of technological competence leveraging. Strategic 

Management Journal, 28(5), 511–533. https://doi.org/10.1002/smj.598 
den Uijl, S. (2015). The Emergence of De-facto Standards. Doctoral Dissertation, Erasmus 

Research Institute of Management (ERIM). 
Denyer, D., Tranfield, D., & Van Aken, J. E. (2008). Developing design propositions through 

research synthesis. Organization Studies, 29(3), 393–413. 
https://doi.org/10.1177/0170840607088020 

Dijkman, R. M., Sprenkels, B., Peeters, T., & Janssen, A. (2015). Business models for the 



 

60 
 

 

Internet of Things. International Journal of Information Management, 35(6), 672–678. 
Ding, G., Wang, J., Wu, Q., Yao, Y. D., Li, R., Zhang, H., & Zou, Y. (2015). On the limits of 

predictability in real-world radio spectrum state dynamics: From entropy theory to 5G 
spectrum sharing. IEEE Communications Magazine, 53(7), 178–183. 
https://doi.org/10.1109/MCOM.2015.7158283 

Ericsson. (2015). Internet of Things forecast – Ericsson Mobility Report - Ericsson. Retrieved 
October 7, 2019, from https://www.ericsson.com/en/mobility-report/internet-of-things-
forecast 

Flügge, B. (2017). Smart Mobility–Connecting Everyone: Trends, Concepts and Best 
Practices. Springer. 

Gerla, M., Lee, E. K., Pau, G., & Lee, U. (2014). Internet of vehicles: From intelligent grid to 
autonomous cars and vehicular clouds. In 2014 IEEE World Forum on Internet of 
Things, WF-IoT 2014 (pp. 241–246). IEEE Computer Society. 
https://doi.org/10.1109/WF-IoT.2014.6803166 

Gibbs, A. (1997). Focus groups. Social Research Update, 19(8), 1–8. Retrieved from 
http://sru.soc.surrey.ac.uk/SRU19.html 

Given, L. (2012). The SAGE Encyclopedia of Qualitative Research Methods. The SAGE 
Encyclopedia of Qualitative Research Methods. SAGE Publications, Inc. 
https://doi.org/10.4135/9781412963909 

Gordon, R. L. (1975). Interviewing: strategy, techniques, and tactics. Illinois: Dorsey Press. 
Retrieved from https://searchworks.stanford.edu/view/832221 

Gruber, M., Kim, S. M., & Brinckmann, J. (2015). What is an Attractive Business 
Opportunity? An Empirical Study of Opportunity Evaluation Decisions by Technologists, 
Managers, and Entrepreneurs. Strategic Entrepreneurship Journal, 9(3), 205–225. 
https://doi.org/10.1002/sej.1196 

Gruber, M., MacMillan, I. C., & Thompson, J. D. (2008). Look before you leap: Market 
opportunity identification in emerging technology firms. Management Science, 54(9), 
1652–1665. https://doi.org/10.1287/mnsc.1080.0877 

Gruber, M., & Tal, S. (2017). Where to play (1st ed.). Pearson. 
Haas, H. (2018, November 1). LiFi is a paradigm-shifting 5G technology. Reviews in 

Physics. Elsevier B.V. https://doi.org/10.1016/j.revip.2017.10.001 
Haas, H., Yin, L., Wang, Y., & Chen, C. (2015). What is LiFi? Journal of Lightwave 

Technology, 34(6), 1533–1544. https://doi.org/10.1109/JLT.2015.2510021 
Hernandez-Oregon, G., Rivero-Angeles, M. E., Chimal-Eguiá, J. C., Campos-Fentanes, A., 

Jimenez-Gallardo, J. G., Estevez-Alva, U. O., … Khan, M. A. (2019). Performance 
analysis of V2V and V2I LiFi communication systems in traffic lights. Wireless 
Communications and Mobile Computing, 2019. https://doi.org/10.1155/2019/4279683 

Jeekel, J. F. (2016). Smart mobility and societal challenges : an implementation perspective. 
Technische Universiteit Eindhoven. 

Kaiwartya, O., Abdullah, A. H., Cao, Y., Altameem, A., Prasad, M., Lin, C. T., & Liu, X. 
(2016). Internet of Vehicles: Motivation, Layered Architecture, Network Model, 
Challenges, and Future Aspects. IEEE Access, 4, 5356–5373. 
https://doi.org/10.1109/ACCESS.2016.2603219 

Kawulich, B. B. (2005). Participant observation as a data collection method. Forum 
Qualitative Sozialforschung, 6(2). https://doi.org/10.17169/fqs-6.2.466 

Kemp, R., Schot, J., & Hoogma, R. (1998). Regime shifts to sustainability through processes 
of niche formation: The approach of strategic niche management. Technology Analysis 
and Strategic Management, 10(2), 175–195. 
https://doi.org/10.1080/09537329808524310 

Kirschner, M. (2019). Levels of driving automation. Retrieved from 
https://i1.wp.com/semiengineering.com/wp-
content/uploads/2019/05/Synopsys_cs327718450-automotive-levels-infographic-
v4.jpg?ssl=1 

Kitzinger, J. (1995). Qualitative Research: Introducing focus groups. BMJ, 311(7000), 299. 
https://doi.org/10.1136/bmj.311.7000.299 

Krueger, R. (2014). Focus groups: A practical guide for applied research. SAGE Publications 



 

61 
 

 

Inc. Retrieved from 
https://books.google.com/books?hl=nl&lr=&id=tXpZDwAAQBAJ&oi=fnd&pg=PT7&dq=K
rueger,+R.+A.+(2014).+Focus+groups:+A+practical+guide+for+applied+research.+Sag
e+publications.&ots=Psrb8Sfr6v&sig=0wjGRrVgoXItXqAgCVdcbFMGhIo 

Krueger, R., & Casey, M. (2002). Designing and conducting focus group interviews. 
Retrieved from 
http://web.worldbank.org/archive/website01028/WEB/IMAGES/SDP_36.PDF#page=10 

Lee, J.-R., O’Neal, D. E., Pruett, M. W., & Thomas, H. (1995). Planning for dominance: a 
strategic perspective on the emergence of a dominant design. R&D Management, 
25(1), 3–15. https://doi.org/10.1111/j.1467-9310.1995.tb00896.x 

Letaifa, S. Ben. (2015). How to strategize smart cities: Revealing the SMART model. Journal 
of Business Research, 68(7), 1414–1419. https://doi.org/10.1016/j.jbusres.2015.01.024 

Maier, M. A., Hofmann, M., & Brem, A. (2016). Technology and trend management at the 
interface of technology push and market pull. International Journal of Technology 
Management, 72(4), 310–332. https://doi.org/10.1504/IJTM.2016.081575 

Meyer-Krahmer, F., & Schmoch, U. (1998). Science-based technologies: University-industry 
interactions in four fields. Research Policy, 27(8), 835–851. 
https://doi.org/10.1016/S0048-7333(98)00094-8 

Mohammed, D., Bourzig, D. K. D., Abdelkim, M., & Mokhtar, K. (2017). Digital data 
transmission via Visible Light Communication (VLC): Application to vehicle to vehicle 
communication. In 4th International Conference on Control Engineering and Information 
Technology, CEIT 2016. Institute of Electrical and Electronics Engineers Inc. 
https://doi.org/10.1109/CEIT.2016.7929059 

Molner, S., Prabhu, J. C., & Yadav, M. S. (2019). Lost in a universe of markets: Toward a 
theory of market scoping for early-stage technologies. Journal of Marketing, 83(2), 37–
61. https://doi.org/10.1177/0022242918813308 

Musante, K., & DeWalt, B. (2010). Participant observation: A guide for fieldworkers. 
Retrieved from 
https://books.google.com/books?hl=nl&lr=&id=ymJJUkR7s3UC&oi=fnd&pg=PP1&dq=p
articipant+observation+method+musante&ots=Uhup69IoXc&sig=7Qj5wUXh8gi1G8Top
7y381Zpvaw 

Ning, Z., Xia, F., Ullah, N., Kong, X., & Hu, X. (2017). Vehicular social networks: Enabling 
smart mobility. IEEE Communications Magazine, 55(5), 49–55. 
https://doi.org/10.1109/MCOM.2017.1600263 

Osterwalder, A., & Pigneur, Y. (2010). Business model generation: a handbook for 
visionaries, game changers, and challengers. John Wiley & Sons. 

Palattella, M. R., Dohler, M., Grieco, A., Rizzo, G., Torsner, J., Engel, T., & Ladid, L. (2016). 
Internet of Things in the 5G Era: Enablers, Architecture, and Business Models. IEEE 
Journal on Selected Areas in Communications, 34(3), 510–527. 
https://doi.org/10.1109/JSAC.2016.2525418 

Patton, M. . (2002). Qualitative evaluation and research methods (3rd ed.). Sage. Retrieved 
from https://psycnet.apa.org/record/1990-97369-000 

PureLiFi. (2019). About pureLiFi. Retrieved October 8, 2019, from https://purelifi.com/ 
Raven, R., Van Den Bosch, S., & Weterings, R. (2010). Transitions and strategic niche 

management: Towards a competence kit for practitioners. International Journal of 
Technology Management, 51(1), 57–74. https://doi.org/10.1504/IJTM.2010.033128 

Richardson, S. A., Dohrenwend, B. S., & Klein, D. (1966). Interviewing: Its Forms and 
Functions. Social Work, 11(1), 120–121. https://doi.org/10.1093/sw/11.1.120 

Rotolo, D., Hicks, D., & Martin, B. R. (2015). What is an emerging technology? Research 
Policy, 44(10), 1827–1843. https://doi.org/10.1016/j.respol.2015.06.006 

Santos, F., & Eisenhardt, K. (2009). Constructing markets and shaping boundaries: 
Entrepreneurial power in nascent fields. Academy of Management Journal, 52(4), 643–
671. https://doi.org/10.5465/AMJ.2009.43669892 

Schilling, M. A. (1998). Technological lockout: An integrative model of the economic and 
strategic factors driving technology success and failure. Academy of Management 
Review, 23(2), 267–284. https://doi.org/10.5465/AMR.1998.533226 



 

62 
 

 

Schot, J., & Geels, F. W. (2008). Strategic niche management and sustainable innovation 
journeys: Theory, findings, research agenda, and policy. Technology Analysis and 
Strategic Management, 20(5), 537–554. https://doi.org/10.1080/09537320802292651 

Seif, H. G., & Hu, X. (2016). Autonomous Driving in the iCity—HD Maps as a Key Challenge 
of the Automotive Industry. Engineering, 2(2), 159–162. 
https://doi.org/10.1016/J.ENG.2016.02.010 

Sein, M. K., Henfridsson, O., Purao, S., Rossi, M., & Lindgren, R. (2011). Action Design 
Research. Action Design Research, 35(1), 37–56. 

Signify. (2018). Philips Lighting introduces LiFi: broadband data through light - Philips 
Lighting. Retrieved October 7, 2019, from https://www.signify.com/global/our-
company/news/press-release-archive/2018/20180316-philips-lighting-introduces-lifi-
broadband-data-through-light 

Signify. (2019). Trulifi | Signify Company Website. Retrieved October 7, 2019, from 
https://www.signify.com/global/innovation/trulifi 

Stam, E., & Spigel, B. (2016). Entrepreneurial Ecosystems. USE Discussion Paper Series. 
Retrieved from http://www.uu.nl/organisatie/utrecht-university-school-of-economics- 

Suarez, F. F. (2004). Battles for technological dominance: An integrative framework. 
Research Policy, 33(2), 271–286. https://doi.org/10.1016/j.respol.2003.07.001 

Talmar, M., Walrave, B., Podoynitsyna, K. S., Holmström, J., & Romme, A. G. L. (2018). 
Mapping, analyzing and designing innovation ecosystems: The Ecosystem Pie Model. 
Long Range Planning, 101850. https://doi.org/10.1016/j.lrp.2018.09.002 

Van Aken, Berends, H., & Van Der Bij, H. (2007). Problem-solving in organizations: A 
methodological handbook for business students. Problem-Solving in Organizations: A 
Methodological Handbook for Business Students. Cambridge University Press. 
https://doi.org/10.1017/CBO9780511618413 

Van Aken, J. E., & Romme, A. G. L. (2012). A Design Science Approach to Evidence-Based 
Management. In The Oxford Handbook of Evidence-Based Management (pp. 43–57). 
https://doi.org/10.1093/oxfordhb/9780199763986.013.0003 

Van Audenhove, Korn, Steylemans, Smith, Rominger, Bettati, … Haon. (2018). The Future of 
Mobility 3.0. Arthur D Little. Retrieved from 
https://www.adlittle.com/en/insights/viewpoints/future-mobility-30 

Van Burg, E., Romme, A. G. L., Gilsing, V. A., & Reymen, I. M. M. J. (2008). Creating 
university spin-offs: A science-based design perspective. Journal of Product Innovation 
Management, 25(2), 114–128. https://doi.org/10.1111/j.1540-5885.2008.00291.x 

Van de Kaa, G., Van den Ende, J., De Vries, H. J., & Van Heck, E. (2011). Factors for 
winning interface format battles: A review and synthesis of the literature. Technological 
Forecasting and Social Change, 78(8), 1397–1411. 
https://doi.org/10.1016/j.techfore.2011.03.011 

Wiegmann, P. M., de Vries, H. J., & Blind, K. (2017). Multi-mode standardisation: A critical 
review and a research agenda. Research Policy, 46(8), 1370–1386. 
https://doi.org/10.1016/j.respol.2017.06.002 

Wong, Y. Z., Hensher, D. A., & Mulley, C. (2018). Emerging transport technologies and the 
modal efficiency framework: A case for mobility as a service (MaaS). 

Yin, R. K. (2009). Case Study Research: Design and Methods. SAGE Publications (Vol. 4). 
Yin, R. K. (2011). Appplications of case study research. SAGE Publications (Vol. 3). 

https://doi.org/10.1097/FCH.0b013e31822dda9e 
 

  



 

63 
 

 

Appendix A: Empirical setting 
This appendix describes the empirical setting in more detail, the understanding of the 

empirical setting contributed to establishing the design principles and requirements. 

 

1. LiFi Technology 

LiFi is a relatively new, emerging technology, first introduced by Harald Haas in 2011 (Haas 

et al., 2015). LiFi is a form of data communication, but instead of using radio waves to 

communicate, LiFi (Light-Fidelity), as the name already implicates, uses light waves to 

communicate (Haas et al., 2015). LiFi can be classified as an emerging (platform) 

technology. Emerging technologies is class of technologies that are characterized by five 

attributes (Rotolo et al., 2015): radical novelty, fast growth, coherence, prominent impact, 

and uncertainty and ambiguity. As for radical novelty, LiFi is the first technology that uses 

light waves to communicate and that can transmit data with the bandwidth and latency that 

LiFi is capable of. Fast growth is illustrated by the fact that LiFi has now entered the indoor 

market, and according to Signify’s data, it is growing rapidly (Signify, 2019). Coherence is 

defined by the concept of community of practice, in which both a number of people and a 

professional connection between those people are necessary. Coherence relates to this as 

the “convergence of previously separated research streams” (Rotolo et al., 2015). For LiFi 

technology this is very applicable, as now light is used for other purposes than enabling 

vision alone, the light and communication research practices have converged. LiFi has 

prominent impact since it yields benefits for a wide range of sectors and it transforms the 

lighting industry (Signify, 2019). Finally, the attributes uncertainty and ambiguity are at the 

basis of this thesis. 

 

Since LiFi’s introduction in 2011 several companies have started commercializing the 

technology, one of them is Signify (PureLiFi, 2019; Signify, 2019). Signify has already 

commercialized the emerging LiFi technology for several indoor applications (Signify, 2019). 

These are mostly applications where security is of high priority (governmental buildings, 

office buildings) or radio communication is not allowed or not effective (hospitals, industrial 

buildings).  Signify has recently launched their new range of LiFi systems called Trulifi 

(Signify, 2019), focusing on indoor applications. Because LiFi uses light waves instead of 

radio waves to communicate it can use a bandwidth that is about a 1000 times bigger than 

the bandwidth of the radio spectrum (Haas, 2018; Signify, 2019). With the current forecast 

that around 29 billion devices will be connected to the internet by 2022 (Ericsson, 2015), the 

radio spectrum is getting full (Ding et al., 2015), meaning alternative forms of wireless 

communication that are not using radio waves, like LiFi may replace or form an addition in 

current applications to relieve the radio spectrum. 

LiFi originates from the foundations of basic Visual Light Communication (VLC): a form of 

data communication that has evolved from the most simplistic form all the way back in 1880 

to an advanced form now referred to as Light-Fidelity (LiFi). A complete wireless networking 

system that uses bi-directional multiuser communication involving multiple access point with 

seamless handover of the connection (Haas et al., 2015). Communication using LiFi is 

possible by modulating the electrical current through a LED light bulb. The electrical current 

through a LED light bulb causes the LED to emit a stream of photons (light), modulating this 

electrical current makes it possible to send a signal using the transmission of photons that 

can be received by a detector that interprets the changes in light intensity as data. All this is 

possible because LED bulbs are semiconductor devices, meaning that the intensity can be 
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changed at an extremely high frequency, not visible to the human eye and making speeds 

possible of up to 100 times faster than WiFi, resulting in a minimum delay in data transfer, 

referred to as latency (Haas, 2018; Haas et al., 2015; Signify, 2019). 

 

As LiFi uses light waves to communicate, the properties of the technology differ significantly 

from radio-based forms of communication. Data communication using light waves means 

that the sending and receiving entity must be in line-of-sight with each other, in cases of 

reflections the transmission rates drop drastically. This is because in contrast to radio waves, 

light waves do not travel through optically opaque objects, an advantage that this brings is 

that the signal can easily be kept private (Haas, 2018; Haas et al., 2015). Another interesting 

property is that LiFi uses LEDs to communicate, giving it two main advantages. One is that 

LEDs are already installed at many locations, replacing traditional LED bulbs with LiFi 

compatible bulbs makes it relatively easy to make LiFi widely available. The second 

advantage is that light can now serve two goals using the same LED light bulb: enabling 

vision and data communication, which significantly increases overall efficiency (Haas, 2018; 

Haas et al., 2015; Signify, 2019). 

 

Applications in which LiFi has now been implemented mainly involve using one of the core 

properties LiFi has, namely that it does not travel through optically opaque objects. Such 

applications are for instance facilitating data communication in governmental buildings, 

banks, or other buildings that require data signals to be kept indoors. Other applications are 

situations in which data communication using radio waves is not possible due to building 

characteristics, or not possible due to other reasons, like in operating rooms in hospitals 

(Signify, 2019). Further development of the technology has made it possible to implement 

the technology outdoors as well, enabling Signify to search for new applications in entirely 

new markets. The market that this thesis will discuss is the market of Smart Mobility. 

 

2. Smart mobility 

Smart Mobility is a concept that is still lacking consensus about content and scope, many 

organizations use their own definition involving concepts that they regard as Smart Mobility 

(Jeekel, 2016; Letaifa, 2015). Jeekel (2016) identified and described four overarching areas 

in Smart Mobility: vehicle technology, intelligent transport systems, data and new mobility 

services. Vehicle technology is about both technical improvements and developing of all 

kinds of (new) vehicles including autonomous systems and driver assistance systems. 

Intelligent Transport Systems, in short ITS, is mainly about making transport systems more 

efficient using these intelligent systems, examples are traffic management and connected 

automated driving. Jeekel (2016) referred to data as data from travel information, logistics 

planning, and other (big) data systems that mainly involve matching supply and demand. 

The final overarching area new mobility services involves developing new services for 

mobility to serve the goals of Smart Mobility, examples of this are ride sharing, and Mobility 

As A Service (MaaS): the integration of various forms of transport services into a single 

mobility service accessible on demand (Wong, Hensher, & Mulley, 2018). The link between 

Smart Mobility and IoT/IoV in this case is that many new Smart Mobility applications involve 

building a communication network between multiple physical objects that require 

communication technology like LiFi and radio-based technologies. 
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The many different definitions also lead to many different conceptions of the goals of Smart 

Mobility (Benevolo et al., 2016; Dameri, 2017; Jeekel, 2016). Benevolo et al. (2016) 

categorize the goals they have identified in literature of Smart Mobility into six categories: 

(1) reducing pollution; (2) reducing traffic congestion; (3) increasing people safety; (4) 

reducing noise pollution; (5) improving transfer speed; and (6) reducing transfer costs. 

 

Contrary to what most people believe, ICT is not crucial to implement Smart Mobility. Even 

though ICT is often involved, there are multiple examples of Smart Mobility that do not entail 

any ICT at all, like using alternative fuels or promoting alternative forms of transportation 

(Benevolo et al., 2016; Dameri, 2017; Jeekel, 2016). However, ICT is becoming more and 

more important when the complexity of the initiatives increases (Benevolo et al., 2016). As 

for the case of implementing LiFi in Smart Mobility it is obvious that ICT and thereby possibly 

IoT/IoV will play a significant role in the applications identified in this thesis because LiFi is a 

technology for data communication. However, this does not mean that this is restrictive in the 

different goals that LiFi can facilitate in Smart Mobility. This thesis will use the following 

comprehensive definition of Smart Mobility: “the smart usage of innovative technologies and 

data in the realization of important mobility policy goals as categorized by Benevolo et al. 

(2016)”. This definition is established by integrating various literature sources (Benevolo et 

al., 2016; Dameri, 2017; Jeekel, 2016; Van Audenhove et al., 2018). This definition aims to 

give boundary conditions to what market opportunities should and should not be 

incorporated in this thesis. 

 

3. Internet of Things 

One domain that is of specific interest is that of the Internet of Things (IoT): connecting 

physical objects by equipping them with sensors, actuators and a means to connect them to 

the internet. The world of IoT is relatively young but has grown rapidly over the past years 

and is expected to grow even faster, resulting in 18 billion IoT devices by 2022 (Ericsson, 

2015). The domain of IoT enables many different applications in all kinds of markets. Among 

those different markets is a market that draws Signify’s specific interest: the market of Smart 

Mobility. One of the reasons of this interest is because Signify already has a huge market 

potential in public lighting (Signify, 2019). By using the main characteristic that LiFi uses 

LEDs to communicate, replacing the traditional LED bulbs in public lighting can facilitate 

applications to be discovered in the Smart Mobility market. 

 

Within the domain of Internet of Things there is a sub-domain called the Internet of Vehicles 

(IoV). A topic that must be shortly addressed when discussing Smart Mobility as in this case 

public lighting is likely to be involved in some of the applications to be discovered. This is 

because public lighting is just about everywhere alongside the roads, and on those roads is 

the modern car, producing huge amounts of data (Gerla, Lee, Pau, & Lee, 2014; Seif & Hu, 

2016). Where the modern car is absorbing all kinds of information from the environment 

(static or dynamic) there is great potential to utilize this information to fulfill the goals of 

Smart Mobility, using a form of communication to transmit this data through the IoV.  

The IoV is an enhanced form of Vehicle Ad hoc Networks (VANETs) that are connected to 

the internet. VANETs are formed by using Vehicle to Everything (V2X) communication to 

connect multiple vehicles, potentially through using the environment, i.e. public lighting 

(Kaiwartya et al., 2016). Communication in the IoV can have many different routes, the most 

frequently used routes are Vehicle to Vehicle (V2V), Vehicle to Infrastructure (V2I) 

communication (Kaiwartya et al., 2016). These forms of communication can be used for 
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multiple purposes in Smart Mobility either with connecting them to the internet (IoV) or locally 

(VANETs) (Mohammed, Bourzig, Abdelkim, & Mokhtar, 2017; Ning, Xia, Ullah, Kong, & Hu, 

2017). Communication in these IoV and VANET solution is currently done using traditional 

radio-wave-based communication (Kaiwartya et al., 2016). There are many radio-based 

communication standards available (i.e. Zigbee, LoRa, Sigfox) each having their own 

properties, hence advantages and disadvantages. Finding the most promising market 

opportunities is already challenging in itself (Dijkman et al., 2015; Osterwalder & Pigneur, 

2010), the challenge in Smart Mobility is to also to match the application with the right 

communication standard (Centenaro et al., 2016). Now, while Signify is looking for market 

spaces to commercialize LiFi in the market of Smart Mobility, LiFi is about to join this list of 

IoT communication standards. 

 

For most of the applications in the market of Smart Mobility the radio-based communication 

standards will likely be the most appropriate choice (Centenaro et al., 2016). However, some 

applications require the specific properties that LiFi features: high speeds, low latency, high 

bandwidth and security. One application widely discussed is around the hype of autonomous 

driving, by using IoVs and / or VANETs in combination with LiFi to connect vehicles using 

V2V or V2I to ultimately enhance the performance of autonomous vehicles and thereby 

increase road safety and efficiency (e.g. Correa, Hamid, & Sparks, 2018; Gerla et al., 2014; 

Seif & Hu, 2016). 

Although most of the market opportunities already identified reside in the automotive domain, 

the topic of this thesis is not limited to the usage of VANETs or IoVs. However, because 

Signify already has a large market share in public lighting (Signify, 2019), means to 

commercialize LiFi through this public lighting market will be explored thoroughly, may it be 

in combination with VANETs and / or IoV or not. 

 

4. Levels of automation 

The figure below describes the different levels of driving automation. 

 

 

Figure: Levels of driving automation (Kirschner, 2019).  
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Appendix B: Standardization success factors 
 

 
Figure: Standardization success factors (Van de Kaa et al., 2011). 
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Appendix C: Interview guide & report-out 
Interview guide LiFi Smart Mobility [1 Hr] 
This guide is meant to be used during an interview upstream and downstream entities to further 
explore the market spaces identified. Outcomes have the goal to: 

- Further identify current connectivity use and their performance 
- Validate market opportunities 
- Identify plan / road to success 

o For Market opportunity 
o For Platform 

 
The guide has 5 main sections: 

1. Company and Connectivity context: capture the interviewee understanding regarding the 
industry trends and priorities of his company in general. 

2. Market Spaces & Market opportunities Explain and validate market opportunities identify plan 
/ road to success on platform or technology-to-market linkage level.  

3. LiFi & Smart Mobility: Introduce LiFi technology to interviewee, investigate current connectivity 
use and performance and if LiFi can contribute to those cases and the cases discussed. 

4. Wrap-up: Collect final statements and willingness to continue LiFi conversation in another 
session.  

5. Report-out: Synthetize findings in a structured way so that the results can be further analyzed. 
The questions you find under each sub-section are meant to help drill down, get enough depth in the 
interview, not meant to be followed step by step. 
 

Opening remarks 

- Aim of the interview: Background and objectives of interview (learn/understand) 
- Agenda and timing: Indicate the 3 sections, and the 30% - 20% - 50% time allocations 
- Anonymous: reporting results cannot be traced to persons and/or companies 
- Consent: Ask if interviewee is ok with recording the interview, use of literal quotes 
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1 Company and Connectivity context  [10 min] 

This section is to get a good understanding of the company and high-level trends and needs. 
Use questions for yourself as prompts, to get a broad enough understanding. 
 

1.1 Company info 

- Type of company/ products/ clients 
- What are currently the top priorities for the operations and products  

 
 

1.2 Role and point of view of interviewee  

- What is your function and role in company? 
o Could you share your responsibilities/ what targets are you responsible for? 
o With what other roles in your company do you have the most frequent interactions? 

- What do you see as important general trends and developments?  
o In field of Industry in general 
o In field of your company’s scope 

 
2 Market Spaces & Market opportunities [30 min] 

This section is aimed to further explore the market opportunities identified. Also aims to identify a 
plan to further develop the market opportunity in the broader Market Space. In this section the 
connectivity aspect is still very open, no focus on LiFi yet. 

 
2.1 Market opportunities 

Explain market opportunity: X OR X 
 
2.2 Questions for all interviewees 

- Do you think this is a feasible solution? 
o Why is it good / bad? 
o What needs to change? 

 
- Do you think it is better than current solutions? 
- Do you think this solution is realizable now? In other words: is the market ready? 
- Do you think there are many competitors developing similar or better solutions? 
- Is this solution easy to integrate in the current situation? Compatible? 
- What do you see as main barriers for implementation? 

o Standardization? 
o Legislation? 
 

- How do you think you can tackle these barriers? 
- What do you see as main risks when developing such a technology-to-market linkage? 

o Antitrust laws? 
o Switching costs? 
o Regulators? 

 
Questions specific to interview type 

This subsection focuses on the interviewee type. Only questions of one type of entity are asked 
during the interviewee. Interviewees are identified and categorized before the start of the interview. 

 
 
  



 

70 
 

 

2.2.1 Questions for upstream entities 

- Do you expect any development challenges? 
- How is funding of similar solutions usually organized? 
- Where to start when developing such a solution? 

o Which organizations to contact? 
o Are there existing projects / pilots to join? 

 
Explain possible options to setup a platform of open Market Spaces. A platform in which the 
solution is not only focused on the specific market opportunity discussed but is also considering 
future trends in the market and other identified market opportunities in the market space. 
 

- Do you see potential in such a platform? 
o Why do you (not) see potential? 

- What needs to happen for such a platform to be successful? 
- Where do you need to start when developing this platform? 

 
 
2.2.2 Questions for downstream entities 

- Confirm need with interviewee – would you buy / implement it if available? 
- Effective solution? 
- What in this solution is creating value for your organization? 

o How does it create value? 
o Do you see other ways in how it can create more value? 

- Why would you pay for this solution? 
- How big do you expect this market to be? 
- Do you think other companies would follow if one organization starts using the product? 

 
3 LiFi in the application [10 min] 

This section is to get feedback on the implementation of LiFi in the specific market opportunity. 
 

3.1 Show LiFi leaflet/pitch 

Presenting LiFi leaflets to interviewee; allow interviewee time to read them, explain LiFi 

further. 
 

- First, spontaneous responses 
o Level of appeal 
o What element resonates, what doesn’t 
o What is credible, what is not 
o What is not clear 
o What are (still) doubts 
o What is missed 

 
3.2 Zooming in on LiFi & Smart Mobility 

- Will LiFi be an option for the connectivity solutions in your organization? 
o Why do you think so? 
o What are the advantages over current technologies? 
o What do you still see as challenges? 
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4 Wrap-up [10 Min] 

- Any concluding remarks / insights?  

- Is interviewee interested to help us with later steps? Yes/No  
- Does the interviewee have connections that can help us? Links to other organizations relevant 

for follow-up interviews? 

- Is interviewee interested in potential pilot set up? Yes/No 

- Can interviewee suggest colleague or partner that we can interview? If yes, contact 
information 

Thank interviewee! [Hand over token of appreciation] 
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5 Report-out 

Name and email of interviewer: 
Max Kramer 

Date (and time) of interview: 
 

Location (Country, City): 
 

Names and roles of people present (besides the interviewee): 
 
 
 

 
 
5.1 Interviewee info 

Name: 

Department/Organization: 

Function(s)/Role(s) 

 
5.2 Key trends, needs, and issues in connectivity 

Current trends in industry: 

Current trends in scope of organization: 
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5.3 Market Spaces & Technology-to-Market linkages 

 
 

Market opportunity 
 

 

Feasibility 
Why? What needs to 
change? 

 

Better than current 
solutions? 

 

Market readiness?  

Compatibility?  

Barriers 
Standardization, 
legislation. 

 

How to tackle barriers 
 

 

Main risks 
Antitrust, Switching costs, 
Regulators 
 

 

UPSTREAM ENTITY  

Development challenges  

Funding  

Potential of platform 
 

 

Road to success 
 

 

Where to start  

DOWNSTREAM ENTITY  

Confirmed need 
Why? 

 

Effective solution  
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What to change  

Ability to pay  

Market size  

Road to success  

Where to start  

 
 
5.4 LiFi & Smart Mobility 

 

Spontaneous comments what LiFi is, LiFi can do: 
 
 
 
 

Informed comments on LiFi strengths, weaknesses: 
 
 
 
 

Where is connectivity currently used in applications? How does it perform? 
 
 
 
 
 

Will LiFi be a better solution for these cases? (Better than current solutions?) 
 
 
 
 
 

What will be the main challenges for these applications in the coming years? 
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5.5 Wrap-up 

Final remarks (interested in follow-up?): 

Follow-up contacts: 
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Appendix D: Codebook 
Node Descriptor Illustrative questions 

Compelling 
reason to buy 

Unmet need 
Market demand 
Superiority 
Effective solution 
Compatibility 
Willingness to pay 
Timing of entry 

“Do you think this is a feasible solution?” 
“Do you think it is better than current 
solutions?”  
“Why would you pay for this solution?” 
“Is this solution easy to integrate in the 
current situation? Compatible?” 

Market volume Market size 
Expected growth 
Previous installed base 
Bandwagon effect 

“How big do you expect this market to 
be?” 
“Do you think other companies would 
follow if one organization starts using the 
product?” 

Economic 
viability 

Margins (value vs. cost) 
Customer’s ability to pay 
Customer stickiness 
Network externalities 

“What in this solution is creating value for 
your organization?” 
“How does it create value?” 
“Do you see other ways in how it can 
create more value?” 

Implementation 
obstacles 

Product development difficulties 
Funding challenges 
 

“How is funding of similar solutions 
usually organized?” 
“Do you expect any development 
challenges?” 

Time to 
revenue 

Market readiness “Do you think this solution is realizable 
now? In other words: is the market 
ready?” 

External risks Competitive threat 
Market uncertainty 
Switching costs 
Barriers to adoption 
Standardization 
Antitrust laws 
Regulators 

“Do you think there are many competitors 
developing similar or better solutions?” 
“What do you see as main barriers for 
implementation?” 
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Appendix E: Market scoping at Signify 
This appendix aims to give a deeper understanding in how Signify currently engages in their 

market scoping activities. 

Within Signify, the New Product Development process is referred to as the Idea to Market 

(I2M) process, it describes all the steps that lead an idea to a final product on the market. 

This process is depicted in the figure below. The steps in the process that are within the 

scope of this thesis are the exploration process and (a part of) the value proposition creation 

process. The following subsections will further elaborate on the both the exploration and 

Value Proposition Creation (VPC) process at Signify. 

 

Figure: I2M process at Signify. 

1. Exploration process 

Within Signify the exploration process is the process that focusses on landscaping and 

opportunity identification. The exploration process describes the steps to create a new 

opportunity for an innovation pipeline fitting the strategy in one of the innovation areas. 

Exploration of unmet end-user needs, the business landscape, new technology options or 

problem solving with existing technology are all examples of the exploration process. The 

exploration process is a stage-gated process that has 3 phases. The first phase explores 

options and defines the scope of the exploration process. The second phase is about 

ideating and experimenting. Within this phase the landscape is identified and with it the 

market opportunities, at the end of this phase the opportunities are evaluated and 

recommendations are prepared for the final phase. The final phase documents the results of 

the exploration process and closes the exploration process. As discussed, the exploration 

process is a stage-gated process, after each phase there is a gate, and those gates are a 

maximum of 3 months apart, set as time boundary condition for the exploration process. 

Although the process is stage-gated, iteration takes place in the second phase of ideating 

and experimenting until a gate is passed. The gate requirements are pre-defined by the 

project team that initiates the exploration process. After the ideation and experimenting 

phase two decisions can be made: (1) Landscape/Opportunity Identified (LOI) in which the 

exploration opportunity is concluded by completing the agreed deliverables and reporting the 

findings of the project, this ends the project; and (2) Continuation Decided (CD) which 

indicates that the opportunity is evaluated for the next stage, and iteration can take place, 

possibly with an updated scope. 
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The activities in each phase of the exploration process are depicted in the overview in the 

figure below. For this thesis the options and scope of the exploration process were defined 

prior to the start of the thesis by Signify, the ideation and experimenting phase is the most 

relevant phase for this thesis along with the documentation of the results. The gates PI, PS 

and PE stand for project initiated, project start and project end, respectively. 

 

 
Figure: Key activities in Signify’s exploration process. 

2. Value proposition creation process 

To understand the market-scoping process it is important to understand what Signify defines 

as a value proposition. Within Signify a value proposition is defined as a differentiated 

proposition that promises to satisfy critical customer needs clearly better than the next best 

alternative. It clearly articulates the offer, states how the offer creates value for the customer 

by solving the customers problem, and how it differentiates from the competition. The value 

proposition balances of 3 perspectives: (1) the opportunity; (2) the value offer; and (3) the 

business rationale. The opportunity together with the value offer form the value statement: 

“what is in it for the customer”. The business rationale relates to “what is in it for Signify”. 

The Value Proposition Creation (VPC) process is a standardized approach used by all 

businesses in Signify, although it is a stage-gated process it allows for iteration and 

improvement where needed. The VPC process is used to define superior value propositions 

that serve as input for the I2M process. In the VPC process value propositions are classified 

based on their maturity level. In total there are five maturity levels, evaluating which maturity 

level a value proposition can be classified is based on a pre-identified list of criteria. This list 

of criteria is depicted in appendix F. 

VPC projects are typically start based on the type of challenge, categorized on an offer 

perspective and a value perspective. From an offer perspective three types can be 

distinguished: (1) adaptation of existing offer, renew an existing value offer to improve its 

superiority; (2) new offer Creation, expand existing offer with new benefit; (3) (front-end) 

innovation, disrupt or redefine the category. On a value perspective two types can be 

Ideate and experiment 

• Landscaping 
• Create options 
• Prioritize options 
• Design Experiment 
• Create test set-up 
• Create experimental 

device 
• Conduct Experiment 
• Describe experimental 

scientific results 
• Describe value creation  

Document results 

• Customer 
evaluation / 
feedback 

• Team lessons 
learned 

• Closing of project 
• Document of 

created value 

CD or LOI 

PI PE 

P

S 

     Ideate and experiment  Explore options and define scope 
Document results 

and value 

creation 

Explore options, define scope 

• Form (cross-functional) 
project team and organize 
a Kick-Off workshop 

• Define objectives, 
exploration approach and 
required resources. 

• Define initial Project 
Management Plan (incl. 
Regulatory strategy) and 
Compliance Checklist 

Evaluate 
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distinguished: (1) value defined, we know the value chain and stakeholders of target market 

and their unmet needs; and (2) value undefined, we are not familiar with the value chain, 

stakeholders and their unmet needs. The distinction between these different types is made is 

required to indicate whether and existing VPC project can be updated or whether an entire 

new VPC project has to be started. For the scope of this thesis the latter is applicable as 

Signify is unfamiliar with the value chain, stakeholders and unmet needs of the customers 

and new value propositions will likely disrupt or redefine the category. 

As discussed, the VPC process is a stage-gated process, however iteration is needed until a 

level five VPC level is obtained. The VPC process is composed out of different activities, the 

figure below describes each type of activity. The final output of the VPC process is 

summarized in a battlecard, the information that is listed in a battlecard is depicted in 

appendix G. A similar format can be used to present the results of the market scoping 

activities. 

 

Figure: VPC process at Signify. 
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3. Inter-relations I2M process 

The previous sections described the formal process Signify uses for their market scoping 

activities in all their businesses. The exploration and value proposition creation process are 

both defined. Although the processes are defined as two separate processes, discussions 

and observations at Signify indicated that the processes rarely operate separate from each 

other. More specifically at the New IoT Applications research team, the processes 

exploration, VPC and advanced development of the entire I2M process often run in parallel. 

Meaning the VPC feeds the exploration process, and the exploration process feeds the VPC 

projects. In this way, the maturity grid discussed earlier is continuously updated by input from 

both the exploration process and the VPC process itself. Also, iterations are a lot more usual 

than the official process suggests. The loops of iteration in the process become bigger as 

time advances where more and more detail is being added along the process. This 

automatically means that the required time and resources increase along the process. The 

figure below illustrates the links and inter-relations in the I2M process. 

 

 

 
Figure: I2M process inter-relations. 

 

  

New Product 

Development & 

Launch 

Architecture & 

Platform Creation 

Exploration 

Advanced 

Development 

Value Proposition 

Creation 

Draft or Validated 

Proposition 

Validated 

Insight 

Results from front-end 

EXPL projects can both provide 

input to the VPC process, as 

receive input from the VPC 

process. At New IoT VP team 

projects often run in parallel, 

interfacing and supporting each 

other. 

EXPL projects will 

typically provide input to 

the APC process, where 

the APC team receives 

e.g. technology 

feasibility results. In 

some cases EXPL and 

APC projects can run in 

parallel. 

EXPL projects will 

usually not interact with 

NPDL. 
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4. Assessment of market opportunities at Signify 

When market opportunities are identified, Signify also assesses the market opportunity. The 

assessment is typically done using discussions and focus groups at Signify, in which the 

market opportunities are presented on slides that incorporate the aspects of the maturity 

grid. Another method that is used at Signify is the MaBa (Market Attractiveness, Business 

position Assessment) analysis. In this analysis the value propositions are scored on different 

aspects, the analysis is used to assess the attractiveness of the market and product 

combinations. The factors that Signify uses in the MaBa analysis are depicted in appendix H. 

For the assessment of the market opportunities the factors in the MaBa analysis that were 

not identified in the theoretical analysis are listed in the table below. For the final solution 

design an integration can be made on which factors to include in the assessment of market 

opportunities. 

Table:  

Market opportunity success factors identified in empirical research at Signify. 

Factor Description 

Leverage existing lighting infrastructure Degree to which Signify’s current lighting 
infrastructure can be used in the market 
opportunity. 

Scalability potential Degree to which the market opportunity is 
scalable. 

Entry / exit barriers Barriers that arise when deciding to start of 
terminate the development of a market 
opportunity. 

Number of competitors Number of competitors. 
Type of competitors What kind of actor the competitor is in terms 

of power, capital and brand. 
Business model with potential for recurring 
revenue 

Indicates if the market opportunity includes 
a business model with potential recurring 
revenue. 

Clear value chain Degree to which the value transactions are 
clearly defined. 

New to the world Degree to which the market opportunity is 
new or first of its kind. 

Established ecosystem Whether the market opportunity can be 
commercialized in an existing ecosystem. 

Having control points / IP Degree to which the market opportunity can 
be patented or protected. 

Enhance lighting experience Whether the market opportunity improves 
the current lighting experience of 
customers. 

  



 

 
 

 

Appendix F: Maturity grid for value propositions of Signify 
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Appendix G: Battlecard Signify 
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Appendix H: MaBa analysis Signify 
 

  



 

 
 

 

Appendix I: Smart Mobility Landscape 
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Appendix J: Format presentation of 

technology-to-market linkages 

 

 


