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Abstract 

 

High-tech companies often experience a funding gap in developing commercial products. The 

concept in which high-tech companies experience a funding gap in their innovation process 

is called the valley of death. This study investigates all factors for the successful crossing of 

the valley of death. Semi-structured interviews were conducted with 16 different companies. 

For the investigation of the factors, the analysis consisted of the multi grounded theory in 

combination with the thematic analysis. The construction of theories starts with a theoretical 

orientation toward understanding the overall topic and considers all factors of the valley of 

death. Thematic analysis is used to structure and categorize the factors under the 

stakeholders. Our analysis defines eight new factors and one new stakeholder: the value 

chain. The interrelations between certain factors allowed the configuration of factors into 

cohesive solutions. The cohesive solutions are: (1) Established player in the value chain (2) 

Customer focused innovation (3) Involvement by the strategic investor (4) Working methods 

and production strategies. The technology push and market pull forces are playing an 

important role in many factors. The factors elucidate that market pull driven companies are 

less experiencing a valley of death. These solutions are either market pull driven, enable 

market pull by an intermediary, or utilize their value chain for the successful crossing of the 

valley of death. The research concludes that these cohesive solutions make the valley of death 

shallower or narrower. Future research on the implementation of these solutions could reveal 

more in-depth insights. 

 

Key words: Valley of death, resource gap, funding gap, innovation process, strategic investor, 

open innovation, technology push, market pull, multi grounded theory, thematic analysis 
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1. Introduction 
 

The underlying foundation for companies to achieve a competitive advantage and stay ahead 

of the competition is the creation and assimilation of new knowledge (Porter, 1990). This new 

knowledge could enable innovation. The Netherlands has many high-tech companies 

enabling innovation by the development of science-based technology into commercial 

products. PhotonDelta, a public-private organization, can be both catalyst and challenger for 

innovation by creating innovative environments (Porter, 1990).  

 

One of the biggest challenges is obtaining sufficient financial resources for the development 

of science-based technologies. High-tech companies often experience a funding gap in 

developing commercial products. The concept in which high-tech companies experience a 

funding gap in their innovation process is called the valley of death (Branscomb & Auerswald, 

2002). The period when this gap occurs has been given the infamous name, because this 

recourse gap could result in bankruptcy for high-tech companies (Branscomb, Morse, 

Roberts, & Boville, 2000). These companies have successfully crossed the valley of death 

when commercial products are being sold. (Branscomb & Auerswald, 2001; Islam, Fremeth, 

& Marcus, 2017; Markham, Ward, Aiman-Smith, & Kingon, 2010; Murphy & Edwars, 2003; 

Schoonmaker, Carayannis, & Rau, 2012; Tassey, 2014). Current literature about the valley of 

death gives high-tech companies more insights into this well-known phenomenon. The valley 

of death is shown in figures as a curve shaped by development time (on the x-axis) and the 

number of financial resources (on the y-axis). The curve lies below the x-axis when recourses 

are needed and above the x-axis when resources are acquired from the innovation. The valley 

of death is characterized by high financial risk (Nemet, Zipperer, & Kraus, 2018; Tassey, 2014), 

high technology risk (Nemet et al., 2018; Tassey, 2014), and an uncertain market 

receptiveness (Nemet et al., 2018). It has become clear that multiple stakeholders are needed 

to cross the valley of death. This particular funding gap is caused by the lack of a smooth 

transition between public- and private funds (Fisher, Kotha, & Lahiri, 2016; Islam et al., 2017; 

Nemet et al., 2018; Tassey, 2014), an organizational gap caused by tensions between 

innovation strategies (Markham et al., 2010; Schoonmaker et al., 2012), or a fragile demand 

pull (Nemet, 2018). Research about both the refusal of funding by private funders and the 

early stage innovation strategies are relevant to maneuver innovations through the valley of 

death.  

 

Nevertheless, the current state of literature is insufficient for understanding the overall 

picture. After reviewing the literature, it has become evident that there are still theoretical 

gaps in the literature about factors relating to the valley of death (elaborated in section 3.4). 

Most important is that many of these factors are rarely combined, nor multiple factors are 

elaborated across different stakeholders. Namely, researchers have only studied a part of 

these factors or have a particular stakeholder within the valley of death as the main part of 
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their research. For example, research is focused on attaining funding or only mentions some 

internal strategies; lacking a broader scope on the valley of death. Thus, a complete overview 

of validated factors categorized under the most important stakeholders for crossing the valley 

of death is missing. In addition, we have very little understanding of how these factors would 

affect the shape of the valley of death. Would these factors affect the depth or width of the 

valley of death, or just influence the maximum amount of obtainable financial resources? 

 

While the valley of death is a well-known concept, many high-tech companies still experience 

the valley of death as a challenge. Literature informs and advises high-tech companies on the 

topic; however, only explaining one or multiple specific factors is insufficient. For crossing the 

valley of death, companies need to understanding the bigger picture and considering all 

important factors and stakeholders. Moreover, companies may have to decide between 

speeding up the development or saving on financial resources. These decisions affect the 

shape of the curve of the valley of death by making it narrower or shallower. When companies 

know the effect of these factors on the curve of the valley of death, they could focus on the 

factors fitting their strategy. 

 

To that end, research focused on the entire concept and its related factors help high-tech 

companies to better understand the valley of death and foster their innovation processes. 

The multi grounded theory (MGT) is used to investigate the factors for crossing the valley of 

death. The MGT involves the construction of theories starting with a theoretical orientation 

toward understanding the overall topic and considers all factors of the valley of death. 

Thematic analysis is used to structure and categorized the factors under the stakeholders. 

This research defined a new stakeholder: the value chain. The results will also show how 

single or configured factors will affect the shape of the curve of the valley of death; the 

influence of these factors will be explained in depth.  

 

While more research has been conducted on the valley of death in the last five years, a 

general approach to study this concept is still missing. Therefore, the ultimate objective of 

this study is to give a broader scope by considering current factors, identify gaps of the current 

factors, and exploring new factors and their interrelations. This study considers the 

stakeholders for visualizing the bigger picture, and reveals new insights on factors by 

explaining their effect on the curve of the valley of death.  
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2. Company context  
 

PhotonDelta, a public-private organization, acts as a growth accelerator by investing in small 

to medium-size companies that are developing integrated photonic circuits. PhotonDelta 

provides these companies public seed- and growth funding, mostly covering the total funding 

ticket with 50% private capital. In addition to providing seed and growth capital, PhotonDelta 

aims to develops multiple services, like IP libraries, human capital, and infrastructure. The 

organization is located at the High-tech Campus in Eindhoven and has a total investment fund 

of 236 million euros. PhotonDelta was initiated by the Eindhoven University of Technology in 

2016. Integrated photonics is a highly promising enabling technology for radical innovations 

and paradigm shifts in multiple markets. Within two years, a public-private partnership 

involving both companies and public investors has been established. Currently, the ultimate 

objective is to capture potential future markets with this integrated photonic technology and 

realize a one-billion-euro industry in the Netherlands in 2026 (PhotonicsNL et al., 2020). Thus, 

become a serious player with this technology on a global level.  

 

PhotonDelta stimulates partnerships, intensifies collaboration, and invests in a large number 

of companies. These actions express themselves as the development of an integrated 

photonics ecosystem in the Netherlands. This integrated photonics ecosystem consists of 

companies within the value chain and outside of the value chain, considering private and 

public investors, industry initiatives, and knowledge institutes. The Dutch integrated 

photonics ecosystem enables the design, development, and manufacture of customized 

photonic integrated circuits, modules, and subsystems. Each company within the value chain 

has particular knowledge along this chain and develops specific parts. Thus, all companies’ 

innovations are relevant to the integrated photonic ecosystem forming together a supply 

chain. The front-end in this high-tech supply chain are the foundries, which make the chips / 

PICs. The back-end are those who supply the assembly and packaging services. There are two 

front-end PIC foundries (SMART and Mesa (LioniX)) and two back-end parties (PhiX B.V. and 

Technobis) (PhotonDelta, 2019). The success of the integrated photonic technology depends 

on the entire value chain; therefore, the companies in the value chain should all receive 

sufficient financial resources to cross the valley of death.  

 

One of the main challenges for high-tech companies remains to obtain sufficient financial 

resources for the commercialization of innovations. So, also the high-tech companies in the 

Dutch integrated photonics value chain will experience the valley of death. Currently, the 

available technical expertise and adequate resources within this ecosystem enable overall 

technological development. Whereas some high-tech startups have grown their innovations 

to the highest technology readiness level (TRL), each with their distinctive technological value 

in the value chain, all companies within the value chain must reach this TRL. Currently, many 

integrated circuits, modules, and subsystems have not reached the required TRL to obtain 
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revenue. Estimation of this funding gap and its duration is impossible, because neither the 

cashflow path nor the available future funding is known. Therefore, PhotonDelta will derive 

many benefits from knowing which factors help to make the valley of death shallower or 

narrower and could thus result in a lower need for financial resources for the companies 

within the value chain.
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3. Theoretical background 
 

This section will provide an overview and review of all relevant literature on the valley of 

death. In line with the focus of this research, there are multiple objectives to identify gaps by 

research outcomes (Cooper, 1988). The objectives of this theoretical background are the 

integration and generalization of findings under factors and themes by reviewing the 

literature. The literature review was conducted by analyzing previous research about the 

valley of death critically and identifying factors for crossing the valley (Cooper, 1988). This 

literature review established the context of the valley of death and discovered important 

factors relevant to it (Hart, 1998, p. 27). 

 

First, the explorative approach was used to understand the valley of death. For this approach, 

trustworthy government reports, peer-reviewed articles, and academic books had been 

selected. In order to find out more information, particularly on which factors increase the 

chance of crossing this valley of death for high-tech companies, a systematic review by 

Transfield’s methodology was conducted (Tranfield, Denyer, & Palminder, 2003). Transfield’s 

methodology is based on the management research discipline and highlights the challenges 

in this type of discipline. The ‘Web of Science’ search engine has been used, and thereby 

several inclusion and exclusion criteria, like the Journal Impact Factor, have been considered. 

A detailed description of the search string and inclusion and exclusion criteria can be found 

in appendix 10.2. Also, previous concepts and theories have been studied by backward 

snowballing, which investigates the original articles that were referred to in articles of the 

systematic literature search. Figure 1 shows all the steps in the literature review. A flow chart 

specific on the systematic literature review can be found in appendix 10.3. 

 

 

FIGURE 1: THE STEPS IN THE LITERATURE REVIEW 

Exploring beliefs and 
topics

Identifying search terms & 
build strings

Define inclusion and 
exclusion criteria

Conduct the search 
with applied filters

Backward snowballing

Final selection
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3.1 The valley of death 

During the development of science-based technologies, companies could experience a 

funding gap in their innovation process (Branscomb & Auerswald, 2002). This funding gap 

causes high-tech startups to go bankrupt; therefore, the period when this funding gap occurs 

has been given the infamous name: the Valley of Death (Branscomb et al., 2000). The valley 

of death has a metaphorical linkage to the inhospitable and perilous desert in North America 

where many gold prospectors died attempting to cross it (Schoonmaker et al., 2012). In 

financial terms, the valley of death is described as a period with a shift from public funding to 

private funding in the innovation process for high-tech companies. These companies become 

less able to receive public funding for research, while the chance of obtaining private 

investments for commercialization is low. Nevertheless, large investments are still required 

for the commercialization of technology (Nemet et al., 2018; Tassey, 2014). Only when a 

commercial product is created the high-tech companies could obtain revenue from their 

innovation. Tassey (2014) highlighted that the valley of death is characterized by this 

investment barrier, a so-called risk spike. This risk results in weak incentives for investment 

by private funds. During the valley of death, both the internal and external resources 

attributed to development, commercialization, and the overall further progress in the 

innovation process are low (Schoonmaker et al., 2012). The valley of death is a crucial period 

for companies because staying a few months longer in this valley could already have an 

impact on the profitability of the newly developed product (Murphy, Brokaw, & Boyle, 2002).  

 

This crucial period or phenomenon of ‘the valley of death’ was already studied before the 

concept became mainstream. In 1990, Kazanjian & Drazin researched this period, although 

the name ‘the valley of death’ was not then given. The authors described stage 2 

commercialization (which is fairly similar to the valley of death) as the development of 

prototypes, while commercial products have not yet been produced. Kazanjian & Drazin 

(1990) argued that preliminary financial backing becomes necessary to develop the products 

beyond the prototype stage.  

 

Branscomb and Auerswald (2000) recognized an awareness shift of companies. In the past 

universities and companies did not work closely together in the development of innovations. 

Since 2000, companies have greatly used and adopted more scientific data and information 

from universities for the design and production of high-tech products. Thus, universities were 

embracing a new role as the source of new products. Universities allowed companies to 

master complex products and became an initiator of the innovation process. The valley of 

death is briefly cited by Branscomb and Auerswald. However, the valley of death is not clearly 

defined and elaborated. The report mainly refers to a period, whereas the growth of 

commercial development is outstripping the growth of government-funding.  

 

In 2001, this funding gap is explicitly defined as the valley of death (Branscomb & Auerswald, 

2001). Thenceforward the valley of death is defined as a period where companies experience 
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a lack of resources to develop their commercial products. These companies have successfully 

crossed the valley of death when commercial products are being sold. (Branscomb & 

Auerswald, 2001; Islam et al., 2017; Markham et al., 2010; Murphy & Edwars, 2003; 

Schoonmaker et al., 2012; Tassey, 2014). 

 

In 2010, Markham added a lack of commercial expertise to the valley of death, and related 

this concept with the research of Khurana & Rosenthal (1997): “The valley analogy recognizes 

the importance of pre-NPD idea preparation as well as the impact of the whole organizational 

environment (Markham et al., 2010, p. 403).” This new insight highlights the organizational 

aspects by tensions between invention and commercial innovation. Inventions need a 

technology orientated team, while commercial innovation requires commercial orientated 

people. Afterward, the valley of death is also used as a metaphor for an organizational gap in 

addition to the resources gap.  

 

In summary, the valley of death is a period between the research phase and the 

commercialization phase mainly occurring in the innovation process of high-tech companies. 

During this period such companies often experience a funding- and an organizational gap in 

developing a commercial product. The funding gap is caused by the lack of a smooth transition 

between public- and private funds, and the organizational gap is caused by tensions between 

innovation strategies. Since both gaps are recognized, the valley of death became a well-

known phenomenon characterized by high financial risk (Nemet et al., 2018; Tassey, 2014), 

high technology risk (Nemet et al., 2018; Tassey, 2014), and an uncertain market 

receptiveness (Nemet et al., 2018). 
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3.2 Technology Readiness Levels 

For this research, the innovation process has divided into three phases. A schematic overview 

of the innovation process and its phases can be seen in Figure 2. The technology progression 

of the innovation is increasing during the process, and full technological development will be 

reached during the commercialization phase. 

 

 

 

 

FIGURE 2. THE SEQUENCE OF THE INNOVATION PROCESS 

 

Figure 2 shows the conceptualization of the period between research and commercialization. The innovation 

process is highly influenced by the resource-based and knowledge-based views (Markham et al., 2010). For this 

reason, the innovation process can be divided into many different phases. For the valley of death, the innovation 

process is divided into three stages: basic research, development phase, and commercialization phase. In 1998, 

Branscomb called the beginning of this process ‘basic technology research’. The valley of death occurs in the 

development phase for high-tech companies when companies are developing science-based technologies. The 

development phase has many synonyms in literature, such as pre-NPD and the fuzzy front end. Markham (2010) 

defined the phase after the valley of death the commercialization phase when the new product development 

activities are realized. 

 

The technological progression in the innovation process gives a more detailed overview when 

the valley of death occurs. The Technology Readiness Levels (TRLs) determine the 

technological progression in the innovation process and could indicate if a company is 

experiencing funding issues. The determination of progression in the innovation process with 

TRLs is a qualitative maturity assessment technique. These assessment techniques can be 

used fast and iteratively, and does not require much technological expertise (Azizian, Sarkani, 

& Mazzuchi, 2009). The Technology Readiness Levels (TRLs) are a measurement tool 

introduced by NASA and used in the DOD Acquisition System (Mankins, 1995). Table 1 shows 

the Technology Readiness Levels of Mankins (1995). 

  

Research Phase
Development 

Phase
Commercialization 

Phase
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Table 1. The Technology Readiness Levels.  

 

TRL 1  Basic principles observed and reported  
TRL 2  Technology concept and/or application formulated  
TRL 3  Analytical and experimental critical function and/or characteristic proof-of-concept  
TRL 4  Component and/or breadboard validation in laboratory environment  
TRL 5  Component and/or breadboard validation in relevant environment  
TRL 6  System/subsystem model or prototype demonstration in a relevant environment  
TRL 7  System prototype demonstration in a space environment  
TRL 8  Actual system completed and ‘flight qualified’ through test and demonstration  
TRL 9  Actual system ‘flight-proven’ through successful mission operations  

 

Note. Reprinted from “Technology Readiness Levels” by Mankins J. 1998. 

 

The Technology Readiness Levels that has to be achieved in the valley of death by the 

(European Commission, 2015):  

 

 TRL 5: Technology validation in a relevant environment 

 TRL 6: Technology demonstrated in a relevant environment 

 TRL 7: System prototype demonstration in an operational environment (partly)  

 

 

FIGURE 3: THE VALLEY OF DEATH WITH TRL BY THE EUROPEAN INNOVATION COUNCIL 

Reprinted from “The European Innovation Council – A New Framework for EU Innovation 

Policy”, 2015, p. 3. 

 
As Figure 3 shows, The European Commission (2015) stated a funding gap between public- and private funding 

during the technology development and demonstration, which both took place between the basic research and the 

commercialization.  
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Thus, the valley of death begins when a proof of concept prototype has been tested in a lab 

environment showing basic functionality, and ends when the system/subsystem prototype is 

demonstrated in an environment relevant for a customer. 

 

3.3 Thematic overview 

The literature showed various factors causing the valley of death or enabling companies to 

cross the valley of death. After these factors have been determined, the factors are divided 

into abstract themes based on the three most important stakeholders for the valley of death. 

Therefore, these factors are divided into the following abstract themes: (1) Company, (2) 

Investor, and (3) Customer. These stakeholders are closely related to the risk categories 

characterized by the valley of death: high technology risk (Nemet et al., 2018; Tassey, 2014), 

high financial risk (Nemet et al., 2018; Tassey, 2014), and high market risk (Nemet et al., 2018) 

respectively. 

 

Factors and themes are further explained in the next sections. Also, whether these factors 

allow companies to cross the valley of death, affect the depth or width of the valley of death, 

or influence the maximum obtainable amount of financial resources is explained. All the 

factors mentioned in the literature were summarized at the end of this chapter in Figure 4. In 

Table 2 an overview of the impact of these factors on the valley of death is shown. This table 

highlights in bold the interrelation between factors. Also, whether the factors in the literature 

are a solution or a contribution to the valley of death is described. In other words, being a 

cause or allowing companies to bridge the valley of death. 

 

 



 11 

 
 

FIGURE 4. OVERVIEW OF ALL FACTORS DIVIDED INTO THEMES 

 

3.3.1 Company 

Every company has certain internal capabilities that could help their innovation processes. 

These internal capabilities include team organization, their supply chain development, and 

their appropriability. In the team organization, both the composition and the roles are vitally 

important for crossing the valley of death. Every team of a high-tech startup consists of 

knowledgeable people and each team member has different roles, either formal or informal. 

People with experience in entrepreneurship and financial investments are important for the 

team to obtain financial resources while the company is in the valley of death (Fisher et al., 

2016). Formal roles in teams are structured in functions and specializations, while the 

Company

Informal Roles

Markham(2010)

Functional Specialization

Kazanjian(1990); Teece(1986)

Supply chain 
development

Tassey(2014); Teece(1986)

Appropriability

Nemet(2018); Teece(1986)

Investor

Information asymetries

Branscomb(2001); Fisher(2016); 
Cosh(2009); Tassey(2014); Weyant( 

2018); Lockett (2002)

Financial indicators
Knockaert(2010); Tassey(2014); 

Cosh(2009); Tighe(1998)

Type of investors
Knockaert(2010)

Demonstration projects

Fisher(2016); Islam(2017); 
Mazzucato(2017); Nemet(2018)

Customer

Education of customers

Weyant(2011)

Fragile Demand
Nemet(2018)
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informal roles are unprescribed by the organization. A dynamic interplay between informal 

roles becomes possible, because these roles are not officially adopted in static processes 

(Markham et al., 2010). The supply chain development and appropriability require the right 

strategy to become a successful building block of the company. Appropriability refers to which 

degree a company can retain its added value create with their innovations without being 

imitable or reproducible. Thus, four internal capabilities have been found in the literature: (1) 

Informal roles, (2) Functional Specialization, (3) Supply chain development, and (4) 

Appropriability. 

 

3.3.1.1 Informal roles 

Informal roles could help companies to successfully cross the valley of death. Markham (2010) 

described specific roles and their activities essential in the valley of death. The informality of 

these roles contributes to the dynamic character of the early stages of the innovation 

processes. The following informal roles are required for a successful crossing of the valley of 

death: Champion, Sponsor, and Gatekeeper. The champion has a central role by creating 

awareness for the innovation. When the main contribution of the champion is given, a 

sponsor is needed to achieve validation. The sponsor has a supportive role by demonstrating 

the potential of the innovation. The associated role with both the champion and sponsor is 

the gatekeeper. The gatekeeper will provide access to resources and sets standards to achieve 

acceptance of the innovation. As result, the innovation is more easily implemented into 

formal processes. Therefore, these informal roles have a bridge role to cross the valley of 

death and will aid in the commercial development of products.  
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FIGURE 5. INFORMAL ROLES 
Reprinted from “The role of marketing activities in the fuzzy front end of innovation: A 

study of the biotech industry”, by M. Schoonmaker et al., 2012, Journal of Technology 

Transfer, 38 (6), p. 856. 

Figure 5 shows where in the innovation process these informal roles are important. The figure also briefly mentions 

the main activity of each informal role which corresponds to the defined phases of Khurana & Rosenthal (1997). 

Khurana & Rosenthal (1997) defined three phases of informal processes in the innovation process: awareness & 

recognition, demonstration, and acceptance & transfer. Champions, sponsors, and gatekeepers mentioned by 

Markham (2010) were aiming to fulfill these phases by respectively follow up on each other.  

 

Hence, Figure 5 presents the shape of the valley of death and how the informal roles could 

affect this valley of death. Markham (2010) claimed that a full representation of the roles 

during the valley of death would result in a shallower sinusoid-shaped valley. 

 

3.3.1.2 Functional Specialization 

In addition to the importance of these informal roles, official roles are also essential for 

crossing the valley of death. The demand for functional specializations of these roles is 

continually changing throughout the different stages of the innovation process. Teece (1986) 

stated that making a profit from technological innovation requires sufficient manufacturing 

capacities and the right market position. Therefore, manufacturing and marketing 

specialization are both needed for successfully crossing the valley of death. Note that 

marketing specialization is an old-fashioned word for commercialization of the innovation. 

Kazanjian & Drazin (1990) claimed that after basic research, the growth of high-tech 

companies will depend on the functional specializations of manufacturing and 

commercialization, and thus both will increase markedly. Thus, this specialization of functions 

in manufacturing and commercialization are needed for success in the valley of death. 
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However, there is a disjuncture between commercial expertise and technical expertise 

(Branscomb & Auerswald, 2001). By reducing the cognitive distance between the knowledge 

surrounding the product’s technology, these experts should still understand each other 

(Knockaert, Ucbasaran, Wright, & Clarysse, 2011). Knockaert (2011) stated that companies 

with employees having both commercial experiences and prior technical expertise have 

significantly faster product development processes. This highlights the importance of 

interdisciplinary skills in companies and refutes the statement of functional specializations.  

 

Hence, either the lack of multidisciplinary teams or commercial expertise in the valley of 

death seems to result in not being able to commercialize the innovation. Overall, the 

literature showed strong evidence that this would always result in not crossing the valley of 

death. 

 

3.3.1.3 Supply chain development 

High-tech companies are depending on elaborated networks for industrial coordination and 

evolution (Hobday, 1998). The supply chain is one of these elaborated networks. An ill-

developed supply chain is contributing to the valley of death, because it is a basic stumbling 

block for successful commercialization and economic returns (Teece, 1986). Islam (2017) 

mentioned the lack of providers of external recourses in the valley of death. This lack of 

external resources results in an ill-developed supply chain. Promising new technologies fail to 

evolve into commercial products, because the primary supply chain and the supply chain of 

related technologies are ill-developed (Tassey, 2014; Teece, 1986). This reduces the overall 

potential for innovation for companies within the supply chain and in adjacent industries. An 

ill-developed supply chain can be defined either as a cause or as a result of the valley of death. 

 

Hence, Tassey (2014) stated that companies with complex products would most likely fail in 

the valley of death when innovations are solely funded by a single company. The financial risk 

and need for financial resources within the valley of death will be extremely high and implies; 

that the valley of death would be deep, and significant investments should be made. 

However, contractual strategies, whereby companies sign contracts with independent 

suppliers and manufacturers in their supply chain to share the development costs, could make 

the valley of death shallower. Both technology risk and financial risk are divided among the 

stakeholder taken part in the supply chain (Teece, 1986).  

 

3.3.1.4 Appropriability 

Teece (1986) stated a basic building block for success and economic returns: appropriability. 

This building block may be needed to achieve successful commercialization, but finding the 

right balance could be a challenge. High-tech companies have low appropriability because 

they most likely do not share their innovations. Demonstration projects in the valley of death 

are needed to prove technical reliability for investors. Unfortunately, relatively little cash is 

available for these projects whereas large capital is required (Nemet et al., 2018). High 
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appropriability could lead to a collaborative funding strategy whereby multiple companies 

combine their demonstration projects in one successful demonstration project. Low 

appropriability hinders the execution of these strategies because high-tech companies are 

afraid of free-riding of their innovations by competitors (Nemet et al., 2018; Teece, 1986). 

Thus, a relatively high level of appropriability of the companies may increase the 

demonstration of the technology progress, a success factor that is elaborated in section 

3.3.2.4. The sharing of costs for demonstration projects between companies would decrease 

the costs for companies on the individual level. On the other hand, companies with low 

appropriability will not collaborate, and not share costs. This will result in high costs and a 

relatively deep valley of death. 

 

3.3.2 The investor 

The various types of financial sources that have to be acquired in the innovation process 

impose a challenge for the valley of death (Branscomb & Auerswald, 2001). As a result of the 

radically different objectives and investment focuses between the public sector and the 

private sector, acquiring the financial resources to produce a commercial product remains an 

arduous task (Murphy & Edwars, 2003). The different objectives and focusses between the 

public and private sector for high-tech companies result in low information asymmetries 

(Fisher et al., 2016), which will be described in the next section. Furthermore, financial 

indicators, the type of investor (Knockaert, Clarysse, & Wright, 2010), and the demonstration 

of the technology progress are the most important factors for the investor (Fisher et al., 2016; 

Islam et al., 2017; Mazzucato & Semieniuk, 2017; Nemet et al., 2018). The factors described 

under the investor theme are not directly influencing the shape of the valley of death. These 

factors affect the maximum obtainable amount of financial resources. 

 

3.3.2.1 Information Asymmetries 

Information asymmetries contribute to the valley of death and make funding by different 

types of investors a challenge. Each phase of the innovation process involves different types 

of investors. Every type of investor finances a company based on certain norms, values, 

beliefs, and corresponding assumptions of the company’s business activities. This 

phenomenon is called legitimacy evaluation and changes through an attention shift of 

investors during and after the innovation process.  

 

For example, companies frequently fail to obtain early private funding because the return on 

investment is still too low (Tassey, 2014). The return on investment is an important tool for 

an investor to measure the success of companies, but is not the main objective and focus for 

the funded company in this period. This asymmetry between company and investor limits the 

willingness to invest (Tassey, 2014). Thus, the outputs of the companies in the valley of death 

fit not with the expectation of the funders.  
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These information asymmetries between investors and the companies occur when their 

legitimacy evaluation differs. Information asymmetries start in the early phase of the 

innovation process (Lockett, Murray, & Wright, 2002), and can be a continuous problem later 

in the process (Tassey, 2014). For example, when the first financial resources for the 

commercialization phase have been obtained, information asymmetries could still exist. 

These information asymmetries result in not meeting the expectations of the investors, and 

therefore the private investor will provide no further investments. Ultimately, the legitimacy 

level of the company will drop. Figure 6 shows the legitimacy level with respect to the 

different phases. 

 

 

FIGURE 6. INFORMAL ASYMMETRIES 
Reprinted from “Changing with the times: An integrated view of identity, legitimacy, and 

new venture life cycles”, by G. Fisher et al., 2016, Academy of Management Review, 41 

(3), p. 394. 

 
Figure 6 shows the type of investors changes according to stages, with transition phases arising between stages. 

Fisher (2016) described three stages: the conception stage, the commercialization stage, and the growth stage. For 

this research, the focus is on the first threshold between conception and commercialization stage, because the 

valley of death will occur during this period. 

 

However, the achievement of investor-related success is transferable to the next stage. This 

is called legitimacy buffering, which can contribute to a strong foundation and decrease in 

the investment threshold. For instance, public funding in the early stages could be seen as an 

achievement. Quantitative analysis shows that obtaining these public funds, which invest on 

average between 30% and 50% in high-risk innovations, results in private investors more 

willing to invest in these innovations (Mazzucato & Semieniuk, 2017). Moreover, Islam (2017) 
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states that receiving public funding in the form of precious government research grants 

decreases the legitimacy threshold for less proven companies and result in 12% more chance 

of early investment by private investors. 

 

Fisher (2016) presents a framework considering information asymmetries and legitimacy 

buffering. The framework can assist in the inquiry of the dynamic interactions between 

stakeholders and successfully deal with institutional investment environments for high-tech 

companies. The information asymmetries change the institutional investment environment 

significantly during the innovation process. Moreover, Islam (2017) and Mazzucato & 

Semieniuk (2017) have shown that legitimacy buffering in this framework could work to 

obtain investments from new audiences. Companies with high information asymmetries nor 

sufficient legitimacy buffering will not obtain investments from potential investors, and thus 

not have acquired sufficient resources to develop their innovation into a commercial product. 

For these companies, the maximum available resources are low. To conclude, these 

companies have not adapted to the institutional investment environments, which is mainly 

depending on high information asymmetries, and their innovations fail in the valley of death. 

 

3.3.2.2 Financial indicators 

Private investors could base their funding decisions on financial indicators, like cash flow and 

profit (Cosh, Cumming, & Hughes, 2009; Knockaert et al., 2010; Tassey, 2014; Tighe, 1998). 

Nevertheless, high profits in the valley of death are not an important financial indicator for 

most private investors as high-tech companies in the development phase have practically no 

positive cash flow. Private investors will invest in companies rather based on growth 

objectives (Cosh et al., 2009). In general, the most important factor to estimate these growth 

objectives is the return on investment (Knockaert et al., 2010). However, the return of 

investment is hard to estimate for high-tech companies as they have long lead times and high 

price spillovers (Tassey, 2014). Overall, the difficulty to estimate financial indicators will result 

in few investments which means the maximum available resources are insufficient. 

 

3.3.2.3 Type of investor 

Knockaert (2010) mentioned that obtaining private funding also highly depends on the type 

of private investor, which are: the technology investor, the financial investor, and the people 

investor. Technology investors are interested in academic spinoffs and excessively recruit 

academics. These investors better understand the potential of technology and its future 

products. The products made by high-tech companies are relatively complex. This challenges 

most types of private investors to understand the competitive advantage of the products, and 

therefore result in information asymmetries (Weyant, 2011). However, when private 

investors understand the high-tech services or the implementation of an invention, they are 

more likely to invest in these companies (Cosh et al., 2009). This would mean that investors 

understanding the underlying technology could invest in the company; thus, increase the 

maximum amount of available resources. 
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3.3.2.4 Demonstration projects 

Signal-worthy options enable high-tech companies to establish ties with these investors and 

subsequently attract external resources (Islam et al., 2017). One of these signal worthy 

options is a demonstration project. These demonstration projects show the technological 

progress (Fisher et al., 2016; Islam et al., 2017; Mazzucato & Semieniuk, 2017; Nemet et al., 

2018). Nemet (2018) pointed out that a lack of demonstration projects could hinder acquiring 

funding. The technology demonstration will be perceived by the investor as a reduction in 

technology risk. Therefore, the investor is more likely to invest which also increases the 

maximum amount of available resources. 

 

3.3.3 Customer 

In the innovation process, there have been two important forces: the technology push and 

the market pull (Nemet et al., 2018). The technology push is focused on the technology itself 

and has as objective to increase new knowledge about technology. The market pull, also 

referred to as the demand pull, is focused on the consumer and has as objective to increase 

the size of markets.  

 

3.3.3.1 Education of customers 

Most of the papers focus on the development of innovative products through technical 

knowledge and claim that technology is the main source of innovation (Di Stefano, 

Gambardella, & Verona, 2012). However, Weyant (2011) focuses on the insufficient market 

pull caused by the customer knowledge gap. The customer knowledge gap could be bridged 

by educating more consumers which will increase the rate of diffusion of products in the 

market. While Weyant (2011) claimed to focus on the market pull, the proposed solution is 

technology push based because the customer is educated after the basic innovation is already 

developed. In the case of a market pull based innovation, the basic innovation would be 

developed by focusing on the first place on the customers’ needs. Therefore, the technology 

push is overall dominant in the innovation process, and educating the customer could help 

technology push innovations by solving the customer knowledge gap. The education of 

customers about the technology might lead to earlier sales and subsequently result in a 

narrower valley of death. However, the market demand effects, which enable the innovation 

to adapt to market needs, have in the literature a significantly lower influence (Di Stefano et 

al., 2012).  

 

3.3.3.2 Fragile demand 

Nemet (2018) elaborated on the customer knowledge gap by mentioning the challenging 

tension between technology push and demand pull within the valley of death. The valley of 

death is referred to as an awkward intermediary stage in which neither the technology push 

nor demand-pull forces are dominant. The main focus of public funding is technology push 

and the increase of social return. High social return is only perceived by public investors in 

the early stages of the innovation process; therefore, a lack of public funding appears later in 
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the innovation process. The commercialization of knowledge is not funded by the public 

investor, so funding from the government is decreasing when the company moves further in 

their innovation processes.  

 

So, while public funding is decreasing, Nemet (2018) claimed high technology risk still exists. 

The still unproven technical reliability of the technology after stopping public funding results 

in a low chance of obtaining private funding. Figure 7 shows the social return decreases during 

the innovation process. Nemet (2018) argued the valley of death occurs when there is an 

uncertain demand and a high technology risk. The fragile demand pull is inadequate for 

crossing the valley of death, resulting in a broader valley of death. The company might not be 

able to obtain revenue with the innovation. 

 

 

FIGURE 7. THE VALLEY OF DEATH 

Reprinted from “The valley of death, the technology pork barrel, and public support for  

large demonstration projects”, by G. Nemet et al., 2018, Energy Policy, 119, p. 156. 
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Table 2. The possible factors for crossing the valley of death. 

 

Factor Definition Impact and linkage with other factors Possible solution or contribution 
Company 

Informal roles 
 

Markham (2010) described specific roles: 
Champion, Sponsor, and Gatekeeper. 
These roles are needed, because of the 
dynamic character of the early stages of 
the innovation process. 

The shape of the valley of death will be a full 
representation of the roles during the valley 
of death result in a shallower sinusoid-
shaped valley. The sinusoid shape might 
occur due to its dynamic character. 

Possible solution 

Functional specialization 
 

Kazanjian & Drazin (1990) claimed 
progression will depend on the functional 
specializations of manufacturing and 
commercialization. Knockaert (2011) 
implicitly highlighted the importance of 
interdisciplinary skills in companies. 

Either not having multidisciplinary teams or 
lacking commercial expertise would always 
result in not crossing the valley of death. 
The impact on the shape is not clear. 
 

Possible solution 

Supply chain 
development 

A developed supply chain contributes to 
development which results in shared 
development cost (Tassey, 2014; Teece, 
1986). Ill-developed supply chains lack 
providers of recourses for development. 

The financial risk and need for financial 
resources will be lower, and thus the valley 
of death would be less deep.  

A developed supply-chain might 
be a solution, while an ill-
developed supply chain 
contributes to the valley of death. 

Appropriability Appropriability refers to which degree a 
company can retain its added value 
created with their innovations without 
being imitable or reproducible. High 
appropriability could lead to a 
collaborative funding strategy. Low 
appropriability hinders the execution of 
this strategy. (Nemet et al., 2018; Teece, 
1986).  

Companies with low appropriability will not 
collaborate, and not share costs. This will 
result in high costs and a relatively deep 
valley of death. High appropriability could 
result in sharing supply chain development 
or demonstration projects. 
 

High appropriability could be a 
solution, while low appropriability 
contributes to the valley of death. 
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Investor 

Information Asymmetries 
 

Different objectives and focus between 
company and investor within addition 
legitimacy evaluation result in 
information asymmetries. The company is 
not meeting the institutional investment 
environment. 

These companies will not adapt to the 
institutional investment environments, 
which are mainly depending on high 
information asymmetries, and thus will fail 
in the valley of death. 

Contribution 

Financial Indicators Financial indicators are hard to estimate 
by investors due high-tech companies 
have long lead times and high price 
spillovers (Tassey, 2014).  

Unknown financial indicators will result in 
few investments which means the 
maximum available resources are 
insufficient. This also contributes to higher 
information asymmetries. 

Contribution 

Type of Investors Technology investors are interested in 
academic spinoffs and excessively recruit 
academics. They better understand the 
potential of technology and its future 
products. (Knockaert, 2010).  

Understanding the high-tech services result 
in more financial resources (Cosh et al., 
2009) The lack of understanding result in 
information asymmetries (Weyant, 2011)  

Technology investors might be a 
solution, while other types of 
investors contribute to the valley 
of death. 

Demonstration projects Demonstration projects are signal worthy 
options in the technological progress 
(Fisher et al., 2016; Islam et al., 2017; 
Mazzucato & Semieniuk, 2017; Nemet et 
al., 2018). 

A lack of demonstration projects could 
hinder the obtaining of funding Nemet 
(2018). Demonstration projects could 
increase the maximum amount of available 
resources, but require high appropriability. 

Demonstration projects might be 
a solution, while a lack of 
demonstration projects might 
contribute to the valley of death. 

Customer 
Education of customers 

 
Weyant (2011) focused on the insufficient 
market pull caused by the customer 
knowledge gap, and advises to educate 
the customer. 

The education of customers about the 
technology might lead to earlier sales and 
subsequently, result in a narrower valley of 
death. 

Possible solution 

Fragile demand  The fragile demand is an insufficient 
market pull driven force that is needed for 
further development. 

The fragile demand results in a broader 
valley of death, and the company is not able 
to obtain revenue with the innovation. 

Contribution 
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3.4 Gaps in the theoretical background 

The following three paragraphs mention the gaps of the factors in the theoretical background 

for each abstract theme. 

 

Company 

Currently, companies might successfully cross the valley of death by internal capabilities. The 

most important are the informal roles of Markham (2010) and the specialization in the 

commercialization of Kazanjian & Drazin (1990). While the activities of the informal roles in 

the early stages of the innovation process are empirically validated, it is not yet confirmed if 

all these activities could also take formally place within the innovation (Markham et al., 2010). 

Functional specialization in marketing is debatable as Knockaert (2011) highlighted the 

importance of interdisciplinary skills considering the minimalization of the cognitive distance. 

Thus, the question remains on how marketing expertise can be implemented considering the 

minimalization of the cognitive distance. Furthermore, the literature also lacks an in-depth 

review of appropriability for the valley of death. There might be other factors enabled by 

having a relatively high appropriability, which should be further investigated. 

 

Investor 

The successful crossing of the valley of death could occur by understanding the investors 

(Fisher, 2016), and by focusing on the fulfillment of the correct legitimacy evaluation factors. 

The most important legitimacy factors are: (1) Demonstration of the technological progress 

(Fisher et al., 2016; Islam et al., 2017; Mazzucato & Semieniuk, 2017; Nemet et al., 2018), (2) 

Type of investors (Knockaert et al., 2010) and (3) Financial indicators (Cosh et al., 2009; 

Knockaert et al., 2010; Tassey, 2014; Tighe, 1998). Literature showed these legitimacy factors 

and argued which are the most important. However, the responsible people for solving these 

legitimacy factors and the role of the transition from symbolic sources to tangible sources are 

not adequately addressed for obtaining funding.  

 

Customer 

Overall, literature about the innovation process focuses on the technology push forces, while 

the market pull forces are less elaborated. Nemet (2018) states the valley of death has a 

fragile demand. How can market pull forces lead to more demand during this risky period? 

Research is missing on how this fragile demand during the valley of death could be solved, for 

research on the valley of death seldom intersects with market pull strategies.  
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4 Problem statement and research questions 
 

The valley of death is characterized as a risky period or challenging phenomena for 

businesses, with increasingly more research being conducted in the last five years. While 

some studies showed factors that may inhibit or enable early private investments (Fisher et 

al., 2016; Islam et al., 2017; Nemet et al., 2018; Tassey, 2014), others touched on the internal 

capabilities of companies to cross the valley of death (Markham et al., 2010; Schoonmaker et 

al., 2012), or acknowledged the tensions between push and pull (Nemet et al., 2018).  

 

Namely, researchers have only studied a part of these factors or have a particular stakeholder 

within the valley of death as the main part of their research. However, an overview of all 

factors categorized under the most important stakeholders for crossing the valley of death is 

missing. The literature lacks this broader scope on the valley of death. This interesting gap of 

knowledge could be filled by providing a complete overview considering all factors and 

stakeholders contributing to the successful crossing of the valley of death. This overview 

could help high-tech companies understanding the bigger picture and successfully deal with 

the valley of death.  

 

To date, we also have very little understanding of which factors would affect the shape of the 

curve of the valley of death. The curve is shaped by development time (on the x-axis) and the 

number of financial resources (on the y-axis). The curve lies below the x-axis when recourses 

are needed and above the x-axis when resources are acquired from the innovation. While the 

shape of the curve of the valley of death is subjected to change, literature never elaborated 

on how the factors influence the shape of this curve. In the theoretical background, the 

researcher already interprets how the current factors could make the valley of death deeper, 

shallower, narrower, or broader. In addition, the factors could also affect the obtainable 

amount of financial recourses. This research aims to fulfill this interesting research gap. 

 

The literature provides insight into factors that could help cross the valley of death. Most 

studies presume the refusal of funding by private funding or highlight some internal 

capabilities. However, after reviewing the literature, it has become evident that many factors 

are rarely combined in current academic literature, nor give an overview of all relevant 

factors. Therefore, a more general approach should be used to study the valley of death, 

taking current factors into account and allowing the validation of new factors. Assumptions 

should be kept to a minimum. Subsequently, the interrelation of essential factors can be 

investigated and could lead to cohesive solutions for the valley of death. The effect of 

cohesive solutions on the shape of the curve of the valley of death should be elucidated. 

Hence, this review points towards the following feasible research questions: 

 What are the factors for crossing the valley of death? 

 Which factors have interrelations? 

 How are the factors shaping the curve of the valley of death? 
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5 Method 
 

In this chapter, the nature of this research, the data description, the data collection, and the 

data analysis will be discussed. 

  

5.1 Nature of this research 

The focus of this research is on theory building, understanding mechanisms, and exploring 

the factors contributing to crossing the valley of death. Therefore, the qualitative case study 

method was chosen, which allows open-ended questions and interaction between the 

interviewee and the researcher. Moreover, the interviewees’ in-depth experience of the 

valley of death was described. This research intended to richly define and describe the various 

newly found factors, to enable new theory building into cohesive solutions shaping the valley 

of death. Various high-tech companies, venture builders, and investment companies from our 

sample selection have been interviewed. The selection of the sample is explained in section 

5.2. By asking many open-ended questions factors were encapsulated and categorized under 

abstract themes. Follow-up questions ensured the data is richly detailed. 

 

5.2 Sample selection and data description 

The narrative of companies experiencing the valley of death is an interesting topic for 

PhotonDelta. These experiences could help the companies in the Dutch Integrated Photonics 

Ecosystem. So, the sample consists of high-tech companies that would have experienced the 

valley of death. However, while the research continues also companies experiencing the 

valley of death at the current moment have been interviewed. These interviewees gave a 

meaningful contribution by showing their experiences in the present era. Accidently, some 

interviews claimed during the interview their product or service has been in the early stages 

(TRL4 or lower) of the innovation process. Regardless these innovations are not experiencing 

the valley of death yet, the interviewees have given suggestions on how to tackle this 

challenge. Note that some interviewees with their current company are in early stages, but 

have experienced the valley of death before with a different company. Note that Table 3 

shows only the current job title of the interviewees. 

 

It also became clear that investment companies and venture builders could give new insights 

into the concept. The proposed solutions by venture builders and investment companies are 

valuable, because they mostly understand the bigger picture by having multiple companies in 

their portfolio. Therefore, both venture builders and investment companies would give a 

broader perspective on the valley of death. This is especially interesting in the relation to the 

abstract theme ‘value chain’, positioning the valley of death in a wider context. Moreover, in 

particular for PhotonDelta it is interesting to know how other investment companies would 

contend with this challenge. This would help to understand the relationship between 

company and investor, and could elucidate the linkages between various abstract themes. 



 25 

There also was a “polar type” with respect to the duration of the innovation process selected. 

Software companies have a shorter innovation process compared to other high-tech 

companies and relatively need fewer recourses for development (Murphy & Edwars, 2003). 

Therefore, a software company has been included in the sample to check assumptions made 

in the context of the valley of death. 

 

In summary, this research has a diverse dataset concerning the valley of death. In the 

following table, an overview of all interviewees can be found. 

 

Table 3. The sample including codename, job title, and company’s orientation. 

Codename Job title Company’s Orientation 

Automotive COO / Co-founder Improvement of the electrical car engine 

Space Co-founder Monitoring service for pipelines with satellites 

Sensor A CEO / Founder Optical sensor system for the mining industry 

Nano Head of Product / 

Co-founder 

Molecular interaction and manipulation 

Smallmedtech Professor/ Founder Robotics for medical purposes  

Bigmedtech A Innovation Lead Healthcare orientated projects from Philips 

Bigmedtech B R&D executive Biosensors and treatment of skin cancers  

Venturebuilder A CEO Venture builder of high-tech ventures with a 

social impact 

Venturebuilder B Program manager 

Business 

Venture builder on a regional level 

Investmentcompany A Senior Investment 

manager 

Investment company on a regional level 

Investmentcompany B Team manager Tech Investment company on a regional level 

Venturebuilder C Manager Director Institute for promoting interest for high-tech 

companies on a national level 

Sensor B General Manager Motion sensors 

Sensor C CEO / Founder Smart sensors for the healthcare 

Semicon Founder Innovative plasma solutions for semiconductor 

factories 

Software Founder Internet platform connecting engineers with 

high-tech projects 
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5.3 Data collection 

Data is collected using (1) semi-structured interviews (2) unstructured interviews about the 

findings from the semi-structured interviews (3) secondary data on emerging factors (mainly 

academic articles). A table of the additional literature can be found appendix 10.5. In-depth 

semi-structured interviews are the primary source of data when exploring the factors for 

crossing the valley of death. In addition, some factors could already be structured under 

abstract themes and encapsulated into configured factors. Unstructured discussion lead to 

cohesive solutions and how these factors have influenced the valley of death.  

 

The interviews 

A total of 16 interviews are online conducted by using Microsoft Teams between dates 

ranging from 14 May until 16 June 2020. These interviews could not be conducted in person 

due to the Covid19-virus regulations issued by the government. Interviews were recorded 

and transcribed in 162 pages of single-spaced text. Interviewees have been found through 

the network of PhotonDelta. The interviews ranged from 40 minutes to 65 minutes, and an 

interview protocol has been used. The interview protocol for each interview is adjusted to fit 

the company’s context, but inquires the research concept by using main questions and 

probes. The other questions are open to change which means that the researcher may 

reword, drop or add questions. Changing the sequences or diverging from questions to pursue 

details is also possible. The interviews included more focused questions when factors began 

to emerge. Several questions were added for factors when it became clear those factors 

needed more in-depth investigation. The interview protocol consisting of all main questions 

and some important additional questions can be found in appendix 10.6. Francis (2010) 

claimed that studies with a small number of interviews could result in incomplete results. 

Therefore, this study aims to include a minimum of ten interviews for thematic analysis, 

followed by three consecutive interviews to discussing the obtained results. 

 

Table 4. Qualitative data. 

Qualitative data Duration 

16 semi-structured interviews  

 

± 60 min each 

An unstructured interview with Chief 

Strategy and Business Development Officer 

of PhotonDelta 

± 90 min 

6 unstructured interviews with the Chief 

Financial Officer of PhotonDelta, during 

three interviews findings were discussed 

± 60-120 min each 

Working experience in a public-private 

organization 

A minimum of 2 days a week at the 

PhotonDelta office for 7 months (with 

exception of Corona lockdown period) 
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5.4 Data analysis 

There are three major phases in the qualitative analysis: data reduction, data display, and 

conclusion drawing and verification (Miles & Huberman, 1994). The following qualitative 

research approach has been used: multi grounded theory approach in combination with 

thematic analysis. The thematic framework is used for inductive and deductive purposes. The 

final data structure summarizes key factors and configured factors as cohesive solutions for 

crossing the valley of death. 

 

Multi grounded theory approach with thematic analysis 

The findings are discovered from the Multi Grounded Theory approach (MGT). The MGT 

approach consists of reflection and revision, followed up by theory generation and explicit 

grounding (Lind & Goldkuhl, 2006). There was a constant comparison of the data by written 

down notes and ideas for a refocus on later interviews.  

 

The multi grounded theory approach is a bottom-up approach with pre-assumptions, so the 

MGT includes factors based on the literature. These pre-assumptions are generated from the 

theory-driven analysis and develop theory; therefore, it will be an interplay between 

empirical grounding and theoretical grounding (Lind & Goldkuhl, 2006). Consistent with the 

principles of multi grounded theory, the analysis started with a theoretical orientation toward 

understanding the overall concept and factors of the valley of death; however, the insights 

emerged inductively from our coding (Yin, 2002). In selective coding, the emerging theory is 

made specific to a factor (Lind & Goldkuhl, 2006). This process continues until data saturation 

is achieved; it has become clear which factors are important for crossing the valley of death. 

At last, negative case analysis has been used to search for contradicting patterns in the factors 

and underlying claims by interviewees. 

 

A thematic analysis, both inductive and deductive, was used to explore factors for crossing 

the valley of death. It was chosen to structure seemingly unrelated material and 

systematically observe the concept ‘valley of death’ (Boyatzis, 1998). This more systematic 

approach compared to basic grounded theory could deepen the understanding of extant 

knowledge about the valley of death. The deductive thematic analysis discovered ten factors 

in the literature. The theoretical background has evolved to encapsulate the factors for 

crossing the valley of death within three abstract themes: customer, investor, company. 

These deductive abstract themes are based on the three most important stakeholders within 

the valley of death, and set in advance boundaries for the thematic analysis to guide to a 

greater extend the structuring of the data. In appendix 10.7 the choice for creating a thematic 

framework is elaborated. 

 

The inductive thematic analysis consists of three phases: first-order coding, second-order 

coding, and the categorizing of factors under the abstract themes. First-order concepts are 

almost in their purest form, so the concepts are barely refined codes (Gioia, Corley, & 
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Hamilton, 2013). This means the number of concepts could increase to huge numbers. The 

quotes in the text align with these described concepts. The second-order analysis aims to 

describe and explain the subfactors observed in the first order coding. These subfactors are 

further categorized under 13 factors. 8 new factors have been defined. In Table 5 five 

examples can be found. For example, the subfactors ‘customer problem’ and ‘customer focus’ 

resulting in the factor ‘customer focused innovation’. Some of these newly discovered and 

existing factors showing strong interrelations. Whereas the configuration of these 

interrelated factors results in overarching solutions, some factors are by themselves a 

standalone possible solution. In the end, four final cohesive solutions are encapsulating from 

the 13 factors. Figure 8 shows ‘customer focused innovation’ to visualize the impact of a 

cohesive solution on the valley of death. In this research special attention is given to factors 

not or rarely mentioned in the literature, and to factors contributing to a possible new 

abstract theme. The structuring of factors under abstract themes result in the discovery of a 

new abstract theme: ‘the value chain’. Further review of literature on new subfactors and 

factors would inform our theory while continuing the analysis.  

 

Thus, the factors are used to build a theoretical model by iterative cycles of inductive 

elaboration of factors and deductive application of the literature. Analyzing the interrelation 

of the factors ensures a comprehensive and accurate representation of the data. Finally, the 

emerging cohesive solutions describe the relationship between factors and explain how these 

factors affect the valley of death; the grounded theory model shows all relevant data to 

theory connections in a structured model. The ten steps for data analysis can be found in 

Table 6. 
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Table 5. Example of the data structure of codes, subfactors, and factors. 

1st Order concepts 2st Order Subfactors Factors 

• “a good voice of the 

customer is essential” 

• “you go five layers deep” 

• “the deepest problem” 

• “focus on customer problem 

not tell anything about your 

product” 

Customer problem  

 

 

 

 

 

 

Customer focused innovation • “start thinking about 

customers day one” 

• “we knew the market, we 

just have to fit the product” 

• “customer need to have 

confidence in you” 

• “really customer orientated” 

• “so, customer first” 

Customer focus 

• “make a business plan and 
financial plan together with 
consequences” 

•  “would always like to see 
that R&D processes are 
focusing very much what we 
call the next value inflection 
point”(Investment company) 

Visualizing and benchmarking 

the innovation process 

 

 

 

 

 

Investor Involvement 

• “private investors also part 
of the advisory board” 

• “almost like a family 
member” 

Intimate relation with investor 

• “demonstrate a commercial 
tool, reasonable chance that 
they will become profitable 
and increase value” 

• “define the problem in the 
market, develop a prototype 
with minimal financing” 

Minimal Valuable Product  

 

Working methods and 

production strategies 
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Table 6. Steps for data analysis. 

 

1. Familiarization with the data 

 

2. Generate initial codes 

 

3. Search for 2st Order Subfactors 

 

4. Review 2st Order Subfactors 

 

5. Define and name Subfactors 

 

6. Structure Subfactors under Factors 

 

7. Categorize each factor under abstract themes  

 

8. Finding linkages between Factors 

 

9. Structure interrelated factors into configurated factors 

 

10. Reflect both standalone factors and the configuration factors on the shape of the 

valley of death (See Figure 8) 

 

 

FIGURE 8. DATA STRUCTURE OF CUSTOMER FOCUSED INNOVATION. 
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5.4.1 Validity and reliability 

Reliability 

Research is reliable when it can be replicated by other researchers while producing similar 

findings. To ensure overall high reliability, the research bias has been considered for this 

research. Therefore, the data analyses have been described step-by-step in section 0 (using 

the multi grounded theory approach combined with a thematic analysis). The thematic 

analysis ensures guidelines for interpretation of the data by setting in advance boundaries to 

structure the collected data. For data collection, an interview protocol has been used to 

standardize the questions. Neither the time nor place influences the findings, for the 

interviews have been examined virtually. Thus, by the overall standardization of the 

collection, analyzation, and interpretation other researchers could easily replicate this study. 

 

Validity 

In this section, the internal-, external-, content validity are evaluated. External validity is the 

generalizability of this research. 

 

The systematic literature prior to this research covers all existing literature of the valley of 

death, because the search string for the literature review covers the entire concept. 

Therefore, when interviewees described factors, the deductive thematic analysis ensures the 

recognition and encapsulation of these factors. Negative case analysis ensures a robust 

theory. For example, there is still debate about the agile working method. By comparing the 

different perspectives on this factor, the researcher can conclude this in the findings. 

Therefore, this research can state specifically the factors where all interviewees fully agreed 

upon as managerial advice.  

 

Moreover, there is no selection bias through unrepresentative sampling, because all collected 

data is from relevant sources. However, the sample is relatively small. Overall, the 

generalization of a small sample is an arduous task. Besides, while all companies in this 

research reside in the high-tech industry, they do not represent similar markets. Considering 

this challenge, venture builders and investment companies have been interviewed. They have 

a broader perspective on the valley of death due to their involvement in multiple high-tech 

companies. This makes the generalizability high, but might come at the expense of the 

internal validity. However, the aim of this research is a more general and broader perspective 

considering all factors affecting the valley of death. Therefore, the conclusion can be more 

generalized as long this remains in the context of high-tech companies. High-tech companies 

should meet certain conditions to utilize possible solutions proposed by this research; 

nevertheless, these conditions are clear. High-tech companies should have a long 

development time and relatively high development costs. 

 

Whether or not the mentioned factors are relating particularly to the valley of death have 

also been considered. In advance or at the beginning of the interview researcher and 
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interviewee define together the valley of death: ‘a funding gap between TRL4 and TRL 7’. The 

researcher checks the interviewee when it is not clear whether the factors have been 

experienced during the valley of death. Note that there could be slight confirmation bias, 

because the interview protocol is focused on problems, not proposed new solutions. 

Therefore, the research method allows the researcher to switch, drop or add questions. 

 

At last, this research aims to investigate all factors within the valley of death for high-tech 

companies. There is no specific focus on any factor in advance; thus, the content validity will 

be high. 
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6 Findings 
 

This chapter will summarize the main findings of this study by outlining the most important 

factors influencing the shape of the valley of death. It has become clear that the depth and 

width of the curve of the valley of death can be transmuted by the factors. Moreover, the 

accessible amount of financial resources is subjected to change. First, this chapter shows the 

possible factors for crossing the valley of death discovered by the semi-structured interviews. 

These findings were discovered using the multi grounded theory approach. The possible 

factors for crossing the valley of death are described under an existing abstract theme or the 

new abstract theme: value chain. Each factor is elaborated to understand its definition and 

purpose. Interrelations between factors are described. Table 7 on the next page gives a 

complete overview of each factor. When there is a linkage with another factor, this factor is 

highlighted in bold. Second, factors and their interrelations are pooled together into cohesive 

solutions that answer the research question, relate to the shape of the valley of death, and 

ensure the overall theoretical grounding of the research. The cohesive solutions are stand-

alone factors or configuration factors that are briefly mentioned in the following table. 

 

Cohesive solutions Factors Financial Resources The shape of 
the valley of 
death 

Established player in the value chain  

 • Legacy 
activities 

• Open 
innovation 

Increases the maximal 
obtainable amount of 
financial resources 

Shallower 

Customer focused innovation   

 • Customer 
focused 
innovation  

x Narrower 

Involvement of the strategic investor 

 • Investor 
involvement 

• Strategic 
investor 

• Increase 
commercial 
expertise 

• Customer 
involvement 

Increases the maximal 
obtainable amount of 
financial resources 

Narrower 

Working methods and production strategies 

 Working methods and 
production strategies 

x Shallower and 
narrower 
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Unexpectedly a clear risk profile of the valley of death has been revealed. This is elaborated 

in section 7.1.4. In addition, underlying dynamics have been found which contribute to the 

overall performance of the company, but are not a direct cause or solution for the valley of 

death. However, without these underlying dynamics, the company has in general very little 

chance to succeed. These underlying dynamics can be found in appendix 10.8. 
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Table 7. The possible factors for crossing the valley of death. 

Factor Definition Impact and linkage with other factors Illustrative quote 

Customer 
Customer focused 

innovation  
 

The development strategy aiming to 
create innovations for a particular 
customer. Thereby, predominantly 
focused on the customers’ problem and 
considering their willingness to pay. 

The customer is defined in advance; thus, 
result in realizing faster revenue. 
 
For customer focused innovation from TRL4, 
the innovation process is entirely market 
pull driven. 

Smallmedtech:  
“start thinking about customers 
from day one” 
Venturebuilder A: 
“what we don’t want to do is, oh, 
we have a technology, now we 
look for a problem”.  

Customer involvement 
 

The customer involvement concerns two 
strategies: iterate with feedback loops 
and collaborate with launching partners. 
Both strategies have the objective to 
involve the customer early in the process. 

Speed up the commercialization; thus, could 
lead to realizing faster revenue. 
 
Strategies work for market pull innovations. 
Only works for technology push innovations 
by sufficient commercial expertise. 

Smallmedtech: 
“need you to manage expectations 
if the product is not perfect, but if 
you do that you build a 
relationship with a customer 
which is key.”  

Investor 

Investor Involvement 
 

The investor should be involved in the 
early stages. The investor can visualize 
and benchmark the innovation process, 
increase commercial expertise, and use 
customer involvement strategies. 

Indirectly speed up the commercialization; 
thus, result in realizing faster revenue. 
 
High-tech companies preferably need a 
strategic investor. 

Space: 
“Now, if you cannot convince an 
investor, even early-stage or angel 
that you're going to be able to go 
to the next stage, then you already 
have a problem up front.” 

Strategic investor The strategic investor is a professional 
investor, who has low information 
asymmetries with the high-tech company. 

This strategic investor is more likely to 
invest; thus, increasing the amount of 
financial resources. An active strategic 
investor speeds up the commercialization 
by customer involvement and increasing 
commercial expertise. 

BigMedtechA:  
“private investors might not 
understand what is going on.”  
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Company 

Working methods and 
production strategies 

 

Working methods and production 
strategies are focused on recourses 
optimization. The following methods and 
strategies have been mentioned: (1) Agile 
working method, 
(2) Minimal valuable product and (3) 
Commercial off-the-shelf products.  

Recourses optimization result in fewer 
development costs.  
 
Strategies like the MVP and COTS products 
are also involving customers in earlier 
stages; thus, could lead to realizing faster 
revenue. 

Investmentcompany A: 
“and first of all if you can develop 
a prototype with a minimum of 
financing which will make you – 
the company able to test in the 
market afterwards is there really a 
demand in the market or instead 
of developing millions and millions 
a finalized the product.” 

Increasing commercial 
expertise  

The commercial expertise in the high-tech 
companies’ team could be lacking. The 
team is mostly focused only on the 
technology. 

Speed up the commercialization; thus, could 
lead to realizing faster revenue.  
 
Customer involvement strategies require 
sufficient commercial expertise for 
technology driven innovations.  
 
The increase of commercial expertise could 
be initiated by a strategic investor. 

Investmentcompany B: 
“start hiring commercial people 
now” 
 

Value Chain 
Legacy activities Legacy activities are activities performed 

by a company that is not related to the 
innovation process, and result in overall 
recognition and trust perceived by 
stakeholders. 

A decrease in the perceived risk for 
investors; thus, increasing the amount of 
financial resources. Also enables upfront 
payment; however, this is insufficient and 
only used as a validation factor for investors. 

Sensor C: 
“pay upfront is a validation 
factor”.  
 

Open innovation Open innovation requires high 
appropriability. Three open innovation 
strategies have been mentioned: (1) R&D 
cooperation, (2) Challenging the 
suppliers, (3) Contractual strategies. 

Open innovation leads to much fewer 
development costs. Legacy activities 
contribute to the easier utilization of open 
innovation. 

Semicon: 
“I think with a number of your key 
supplier you build a relationship 
where innovation is important.” 
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6.1 Customers 

The customer is the most important stakeholder for companies’ innovation processes. Almost 

all interviewees stated that customer focus in early stages prior to the valley of death is 

crucial. They claimed that customer focus is needed to achieve preliminary market or 

customer validation for the innovations in development. The interviewees added that the 

validation could be perceived by the company and its stakeholders as market evidence, and 

thus reduce the market risk.  

 

First and foremost, a clear difference between innovations driven by technology push and 

innovations driven by market pull was observed. Interviewees claimed that technology push 

driven innovations have a higher failure rate in the valley of death.  

 

The research has proposed the statement “the technology speaks for itself”. Many 

interviewees have responded, and it has become clear that technology risk is perceived low 

for high-tech startups in comparison to market risk and financial risk. The main reason is the 

high amount of technical people in high-tech startups. These people have high technical 

knowledge, and their main focus is the improvement of technology. Also, the emerging nature 

of innovations tends to be driven by the technology push forces. This could result in a 

common mistake: the continued development of prototypes while never developing a 

commercial product. The company will not realize income. Table 8 shows some illustrative 

quotes of concerns about being too much technology focused. 
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Table 8. Illustrative quotes about technology focus. 

Codename Illustrative Quote 

Nano 

 

“too much technology push” 

“typically, engineers want to finish their 

product 100%” 

Investmentcompany A “technician who will develop a new product 

will start developing till it is really ok and to 

its own taste and what we trying to program 

to develop to define the problem in the 

market and build your technology around 

that”  

“Start full fletch developing, that is a big 

risk” 

Space “So, the biggest mistake that a lot of tech 

entrepreneurs make is that they focus too 

much on the tech” and added: “My 

experience is that investors take the 

technology for granted anyway, because as 

I said technology always works.” 

 

On the contrary, market pull driven innovations are more likely to cross the valley of death. 

Either the innovation process should become market pull driven or the innovation process 

has been market pull driven since the beginning of the development process. 

 

This section explores how both customer focus and customer involvement in the innovation 

process can help to cross the valley of death. While customer focus innovation is a strategy 

that since the beginning of the development process focuses on the customer, customer 

involvement is a strategy utilized to become market pull driven in later stages of the 

innovation process. Customer involvement also differs from customer focus by the outcome 

of strategies. Customer involvement engages the customer to actively contribute to the 

development, while customer focus innovation can be executed by the company only 

initiated on affirmative assumptions of the customer. Nevertheless, customer focus 

innovation can utilize customer involvement to establish iterative communication with the 

customer. 
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6.1.1 Customer focused innovation 

Customer focused innovation is the market pull driven development strategy aiming to create 

either incremental or new-to-the-world innovations for a particular customer. The 

development is initiated by a perceived unmet market need or unsolved customer problem, 

and leads to decreased market risk. Nano highlighted the importance of solving the problem: 

“I think it is too much technology push in terms of you always have to be aware that you have 

to solve a problem in the end” 

 

Interviewees advised to not immediately start developing when the market risk is perceived 

relatively high. Many interviewees preferred customer focused innovation to reduce market 

risk. For customer focused innovation, serendipitous discoveries and technology focused 

inventions need customer feedback for further development. Interviewees stated that 

discoveries and inventions can originate from scientific institutions or in the companies’ 

experimental environment (TRL1 until TRL3). Therefore, all innovations that have gained a 

customer focus role in TRL 4 are defined as customer focused innovations.  

 

Besides the need or the problem of the potential customer, the willingness to pay is also play 

a decisive role. Therefore, the following overall success subfactors of this strategy are 

‘problem focused’ and ‘willingness to pay’.  

 

6.1.1.1 Problem focused 

Sensor B, Bigmedtech A, Bigmedtech B, Investmentcompany A, and Sensor C proposed that 

the underlying problem of the customer should be known before starting the development 

of the innovation. Also, Smallmedtech and Venturebuilder A mentioned that the customers’ 

problems should be understood in the early stages of the innovation process. The companies 

should have contacted the customer prior to the valley of death. As a result, the innovation 

could solve the customers’ problems or fulfill the unmet need of their customers. 

 

Especially, large-sized high-tech companies predominantly appear to prefer innovations 

based on a tangible customer problem. As a result, Bigmedtech A and Bigmedtech B both 

have great numbers of innovations in their pipeline. These innovations are in first instance 

focused on the customer by diving into their unmet needs and their underlying problems. 

Technology-based inventions are in early stage assessed to potential customers to validate 

the customer need preventing unnecessary development costs. BigmedtechB claimed:  

“to cross the valley of death a good voice of the customer is essential” 

 

The initial approach should be focusing on discovering the customer problem without telling 

anything about your product. BigmedTechB stated: 

“you go five layers deep in why questions” and added that “you really want to have, the 

deepest problem of your customer cohort”  
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6.1.1.2 Willingness to pay 

Sensor C, Bigmedtech A and Nano stated that willingness to pay plays an important role and 

should not be neglected for the creation of customer focused innovations to cross the valley 

of death. Also, Venturebuilder A and Investmentcompany A mentioned this concept. 

Venturebuilder A stated:  

“While the company is developing a problem orientated innovation, the company has to stay 

aware of the willingness to pay.”  

 

In this paper, willingness to pay is defined as the maximum monetary amount for one unit at 

which a company is certain that the potential customer will purchase the innovation. The 

innovation must not exceed the maximum unit price of an alternative solution with similar 

quality and purpose. The bill of materials and the development costs per unit are considered 

for estimating the maximum price. The willingness to pay urges companies to set boundaries 

on the development and production costs.  

 

6.1.2 Customer involvement 

Companies that in first instance are not customer focused would experience the valley of 

death as a bigger challenge. Finding a customer for technology focused companies for their 

innovations after TRL 4 and beyond is more difficult; the product-market fit is missing. This 

means that the current product functionality does not fulfill the customer need. Interviewees 

proposed certain subfactors that could work for market pull innovations. These subfactors 

are iterating with feedback loops or the launching partner. These subfactors might also work 

for technology push innovations; however, the company first needs a potential customer. 

Interviewees claimed that this could be an arduous task for companies lacking commercial 

expertise. 

 

6.1.2.1 Iterate with feedback loops 

Iteration with feedback loops is mentioned as strategy to gather market knowledge and 

evidence. For example, Space has done a feasibility study based on customer feedback. 

Secondary data shows that communication with customers is a fluid process, and the voice-

of-customer can be studied by several loops at the beginning of the innovation process. These 

loops can be iterated along the innovation process throughout different stages. Iterating with 

feedback loops is a strategy that can redefine the customer problem and measure possible 

changes in their willingness to pay. Venturebuilder A suggested:  

“organize a lot of interactions with potential users or people that understand the problem and 

how it can be solved” 

 

The market pull driven innovations could relatively easy collect detailed customer specific 

information. However, for technology push innovations the potential customer is undefined, 

and only general market knowledge or evidence are collected. Besides the implementation 
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of feedback loops in stage-gate processes, iterating with feedback loops could be used to 

contribute to the minimal valuable product. This concept is elaborated in section 6.3.1.2.  

 

Smallmedtech, Investmentcompany A and Venturebuilder A briefly touched on this subject in 

the interviewee, but not mentioned this as a direct solution. They claimed that iterating with 

feedback loops is necessary to manage customer expectations. This allows the company to 

not only gather specific customer information, market knowledge, or market evidence. They 

can also set realistic objectives for both parties to prevent disappointment. Next to managing 

expectations, secondary data shows that customers could also be educated about the 

innovation to create understanding and awareness of the innovation.  

 

Thus, iterating with feedback loops could result in early specific customer information, market 

knowledge, or market evidence. In first instance, this strategy is utilized when the innovation 

is market pull driven and is a relatively bigger challenge for technology pushed innovations. 

When the potential customer is known, iterating with feedback loops could enable customer 

interaction. Secondary data shows that iterating with feedback loops is a strategy used in 

stage-gate processes and the lean startup for the minimal valuable product, which is 

elaborated in section 6.3.1.2.  

 

6.1.2.2 Launching partners 

Venturebuilder B, Investmentcompany B, Nano and Space claimed that customers involved 

in the innovation process could become a launching partner, which would result in a 

particularly designed product for this launching partner. Secondary data shows that the 

launching partner is involved from the prototype development phase to stimulate the overall 

innovation and participates in the design and testing. The launching partner could be the first 

commercial customer when the company achieves full production. Initially, the launching 

partner would give feedback on the innovation. In later stages, this launching partner could 

co-create and co-invest in the innovation. Nano stated that co-investments by the potential 

customer are more easily obtainable. However, interviewees argued that the financial 

resources of the launching customer by co-investment are not sufficient to cross the valley of 

death. Investmentcompany B claimed: 

“So, very often a launching customer will commit to some kind of joint product development 

and that kind of thing, but a launching customer is hardly ever capable of making a company 

profitable.” 

 

Semicon added: 

“Maybe one of the things to add to this project is that even if we get a down payment of a 

customer, it still is not sufficient enough to do the complete development and built off of such 

a tool.” 
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While the upfront payments of the launching partner are not sufficient, clear direction and 

speeding up the development are sequel. Semicon claimed: 

“We got a large payment upfront, and that gave us the financial possibilities to speed up this 

development. And also, we could create a more capacity to do this work. At the same time, 

there were some clear milestones defined because there was an expectation from the 

customer when the tool will be delivered, and when it has to go into production.” 

 

Investmentcompany B and Nano also warned that the launching partner should not tailor the 

product too much, and the company should always aim to diversify customers. Otherwise, 

the final served market is tailored to a single customer. The launching partner has obtained 

too much power over the product design, and will solely purchase the innovation. Nano 

suggested:  

“but that first customer should reflect a bigger market of course. You don’t want to have a 

dead-end street.” 

 

Investmentcompany B added: 

“you have to be very careful that it doesn’t mean that the solution is so tailored to the one 

customer, and you won’t be able to roll out too many customers.”  

 

Therefore, interviewees advised broadening the customer base quickly after the market has 

been determined. As previously mentioned, finding the first customer for technology push 

driven innovation is hard. Considering the need to have multiple customers, seems that the 

launching partner is not a strategy for this type of innovations. 

 

6.2 Investors 

The investor is an important stakeholder for crossing the valley of death, because this 

stakeholder gives direct or indirect access to financial recourses. These financial recourses are 

needed in the valley of death to fill its funding gap. Moreover, the involvement of investors 

could help to make the company more customer orientated by increasing commercial 

expertise and enabling customer involvement strategies. However, during this period 

information asymmetries between investor and company still exist, which result in a lack of 

financial recourses. Strategic investors have relatively lower information symmetries. In the 

following sections, two factors will be elaborated: the investor involvement and the strategic 

investor. 

 

6.2.1 Investor Involvement 

Investmentcompany B, Automotive and Nano mentioned the involvement of the investors in 

the innovation processes as a key factor to cross the valley of death. They claim that risks can 

be indicated and mitigated when the investor is involved earlier in the innovation process. 

The investor could be an interesting mediator for decreasing market risk in the early stage of 

the innovation process. The prior reduction of market risk in the innovation process enables 
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additional investments by other investors. Space elaborated on the importance of the 

investor in the early stages: 

“Funding people are the most important in the beginning because I implicitly assume that this 

type of company often is technology-driven. It's not always the case. It can also be a service 

proposition, but often technology has the longest cycle to create. So, you need a certain 

amount of sustained funding for it.” 

 

How can this investor be involved? Venturebuilder A and Investmentcompany A explained 

their different methods to involve the investors. Venturebuilder A stated that feedback from 

private investors in early stages gives companies a clear direction. In addition, this early stage 

involvement creates awareness for other investors. These investors might invest in a later 

stage when the company is ready for new investments. Investmentcompany A involves 

investors by their program which connects private investors with startups in their early 

stages. This program gives access to a huge network of investors which is referred to as the 

syndicate of investors. The syndicate of investors aims to create traction in the market. 

 

Besides involving the investor early stage, interviewees also highlighted that high-tech 

companies should maintain a good relationship. Automotive and Nano suggest having 

actively an investor on the board of the company. Automotive explained the relationship by 

given the following statement:  

“I just knew him as a, like, almost like a family member, a good acquaintance. And I knew he 

was in the, in that market” 

In addition, Investmentcompany B highlighted to maintain a good relationship with the 

investor for future investments. Investmentcompany B argues: 

“if early investors would not continue investing, new investors become very suspicious.” 

 

Interviewees claimed that the involvement of the investor could result in customer focus. This 

is achieved by visualization and benchmarking of the innovation and increasing the 

commercial expertise. This section elaborates on the visualization and benchmarking of the 

innovation process. In section 6.3.2 the increase of commercial expertise will be elaborated.  

 

Visualize and benchmarking the innovation process 

The investor could help to visualize and benchmarking the innovation process, or the 

company designs their innovation processes in such a way that it would attract investors. 

Interviewees stated that it is evident that each startup needs roadmaps to visualize directions 

and assess their progress. These roadmaps could be built on various topics, like business, 

marketing or technology. Sensor B and Sensor C apply various roadmaps; however, using 

these roadmaps will not guarantee any further investment in the valley of death. Therefore, 

the milestones in these roadmaps are linked with the roadmaps of the investor. Sensor B 

argued: 
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“You can model your life cycle plan of your company a bit along it. It would be smart because 

then you're in sync with the most important resource in the beginning of a company which is 

funding.” 

 

Automotive even proposed to developing the business plan together with the investor. 

 

The Stage-Gate® model by Cooper is used in the innovation processes of Bigmedtech A and 

Bigmedtech B. Stage gate processes divide the process into stages. Each stage ends with a 

gate where milestones are defined to access the progress. The innovation project continues 

if all the milestones are met. Venturebuilder C and Investmentcompany B both highlighted 

the importance of the milestones, and referred to these milestones as inflection points. These 

interviewees advised using milestones based on the expectations of certain investors increase 

the likelihood of gaining financial resources of certain investors.  

 

6.2.2 Strategic investor 

Venturebuilder C proposed the strategic investor as a key factor for high-tech startups to 

cross the valley of death. Also, Smallmedtech briefly mentioned the strategic investor. 

Automotive suggests an investor that understands technology as an important factor. The 

valley of death is mainly a challenge for technology with long development time and high 

development costs. For example, Software showed there are fewer problems with software 

companies, for software is faster to market and their innovations require much fewer 

development costs. On the contrary, Venturebuilder C explained high-tech companies require 

deep pockets and a long horizon. The regular financial investor has different objectives not 

aligning with the high-tech companies’ financial requirements. However, the strategic 

investor is a long-term investor with technological knowledge and understanding of the 

potential market. Consequently, the information asymmetries between the high-tech 

company and the strategic investor are low. Besides financial resources, Venturebuilder C 

stated that the strategic investor could give the startup access to a huge network of 

commercial orientated people. Moreover, Venturebuilder C claimed that the strategic 

investor is needed to find a launching customer, and thus enables customer involvement 

strategies. 

 

The strategic investor is a professional investor, and interviews stated that it can occur in the 

following entities: big business, formal, or venture capitalist. So, there are various types of 

strategic investors given that the investor always understands the underlying technology. 

There is still debate on whether big businesses as strategic investors would fully acquire the 

startup at a later stage. While the average investor passively invests and waits for the high 

return on investments, the strategic investor can be actively involved in the development of 

the high-tech startup. Besides the interviewee’s claim that the network of the strategic 

investor encapsulates potential employees, it is also mentioned that the strategic investor 

could allocate potential customers for the startup. 
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Table 9. Difference investor and strategic investor. 

 

Average investor Strategic investor 

Medium term (3-5 years) Long term (>5 years) 

High information asymmetries Low information asymmetries 

Legitimacy for investments is high 

 

Legitimacy for investments is low 

 

Low technology knowledge High technology knowledge 

Not understands the underlying technology Understands the underlying technology 

Expect a market proposition Understands the potential market 

Could not make the total amount of financial 

resources 

Acknowledges the need for a relatively high 

amount of financial recourses 

Expect a return of investments when 

innovation is not market ready 

Accepts limited deliverables of the high-tech 

company when innovation is not market 

ready 

 

6.3 Company 

The following section explores the abstract theme company. The company has factors that 

could be utilized without the use of external stakeholders. This means these strategies are 

not predominantly determined by customer or investor. The following factors will be 

elaborated: (1) Working methods and production strategies (2) Increase the commercial 

expertise. However, the previously mentioned increase of the commercial expertise for 

technology driven innovations might need an investor  

 

6.3.1 Working methods and production strategies 

Two subfactors of the lean startup have been proposed as a possible solution: The agile 

working method and the Minimal Value Product (MVP). In addition, the commercial of the 

shelves production strategy was mentioned. All subfactors are focused on recourses 

optimization; the reduction of development spillovers. 

 

6.3.1.1 Agile working method 

This lean working method is mentioned by various interviewees. In section 6.1.2.1 it was 

mentioned that feedback loops can be designed following the agile working method. Space 

and Sensor C highlighted that the agile working method uses many feedback loops during the 

development phase. Secondary data shows that the agile working method uses feedback 

loops mainly to avoid unnecessary development costs from a technological perspective. Also, 

using the agile working method decreases the risk of creating malfunctioning products. 

The agile working method is successful in software; however, there it is still debated if this 

working method can be utilized in high-tech startups. There is no consensus between the 
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interviewees. Venturebuilder A claims that startups cannot use lengthy R&D processes, and 

thus stated:  

“for startups, there is no other option than to be as agile as possible” 

 

However, Nano argues:  

“Agile for software works, hardware is difficult” 

 

Both Bigmedtech A and Bigmedtech B are also not convinced the agile working method can 

always be implemented in high-tech innovation processes. While Bigmedtech A first proposes 

agile as a solution for the valley of death, Bigmedtech A argued:  

“Agile is not a magic” and concluded: 

“So, that the lean startup technics and the agile methodology, that is necessarily, is not very 

applicable as it is in the software development world.” 

 

Bigmedtech A ranked from all proposed solutions, the agile working method as the least 

important factor for crossing the valley of death. Bigmedtech B added: 

“Agile development is an important one, but that is a very contingent issue in high-tech 

development, at least the way I have seen it. Agile development comes from software, where 

you can easily do it.” 

 

6.3.1.2 Minimal Value Product 

The Minimal Value Product (MVP) is mentioned by various interviewees. Note that, Semicon 

stated that the first prototype should be a directly relevant or commercial tool. However, this 

first prototype mentioned by Semicon is not a standard prototype. Standard prototypes 

mainly aim for successful technological demonstration in a controlled environment. 

Secondary data shows that the MVP’s objective is not a technological demonstration, but 

market learnings under controlled costs. Companies should keep the costs to a minimum 

while developing a tool for potential customers. To that end, the MVP also considers the 

customer and prefers to test the innovation in a customer relevant environment.  

 

Secondary data shows that the MVP is a product with raw functionality and a minimum 

number of features; nevertheless, could already be perceived as a commercial product by a 

potential customer. As a result, initial customer feedback on the product can be gathered for 

further development. MVP leads to the followings advantages: recourse optimization, risk 

mitigation (Ghezzi & Cavallo, 2020), and customer value proposition. MVP relates to the 

iterating with feedback loops, and the agile working method. Space mentioned that iterating 

feedback loops can be considered for developing this MVP. Investmentcompany B clarified 

that working in agile contributes to the development of the MVP. Secondary data shows that 

the agile working method could be utilized together to create multiple MVPs. In addition, 

interviewees claimed that the feedback collected for the MVP reduces market risk; thus, 

making the MVP an appealing bait for potential investors. 



 47 

 

6.3.1.3 Commercial off-the-shelf products  

Another product strategy for crossing the valley of death is the so-called commercial off-the-

shelf (COTS) products. This production strategy reduces the cost of developing systems and 

ensures keeping up with a rapidly changing market. COTS products differ from standard 

prototypes by having a proven generic design consisting of ready-made standardized 

components. This generic design requires less technology demonstration and needs less 

market validation; therefore, these innovations can be faster sold to a big number of 

customers.  

 

Moreover, the components which are not part of the generic design can be adjusted to a 

particular customer. The customer is only involved when the specific design must be 

developed. Sensor C aimed to develop COTS products with an 80% generic design. The last 

20% is specifically designed for the potential customer. This customer could co-finance this 

development. Sensor A and Nano also mentioned this production strategy and advised only 

to develop small adjustments for the single customer for saving huge development costs. 

 

6.3.2 Increasing commercial expertise 

Investmentcompany A and Investmentcompany B both mention an increase of commercial 

expertise as a key factor to move the innovation through the valley of death. This commercial 

expertise is lacking for companies that are not developing customer focused innovations. The 

technology push has been the main driver; therefore, the focus is on the continuous 

improvement of technology, and not on commercialization. While this decreases the 

technological risk, this is a non-progressive option. Commercialization can be achieved by 

adding commercial expertise to the team.  

 

Nano suggested having a multidisciplinary team to move the company across the valley of 

death. Also, Smallmedtech suggested that every startup should aim to increase their 

stakeholder’s involvement with not only researchers, but also with people from a business 

background to cross the valley of death. In Bigmedtech B this collaboration between business 

managers and engineers is already established by the iterative feedback loops of product 

managers on the R&D processes. Many other interviewees also mentioned the 

multidisciplinary team in the interviews. The technical and commercial blend of people in a 

multidisciplinary team is mainly highlighted by these interviewees. Hence, the underlying 

reason for the success of the multidisciplinary team is the increase of commercial expertise. 

This commercial expertise is preferred in the earlier stages of the innovation process.  

 

There is an interrelation between hiring commercial people and the involvement of investors. 

This relationship works in both directions. People with a business background could help the 

company to become more customer focused meeting the investors' requirements. For 

example, Venturebuilder C indicated that this commercial orientated people will squeeze out 
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the milestones set by the investor. On the other hand, early stage involvement of investors 

will contribute to commercial expertise in the team. There has been debate to which extend 

an investor should interfere in the original culture of the high-tech company. This can be 

found in appendix 10.9. In addition, investors are using various interventions to increase and 

access commercial expertise in the team. Initially, the assessment tools are used to 

understand the team, followed by the replacement of certain functions to shift from tech to 

market focus. The following tools have been elaborated in the interviews by venture builders 

and investment companies: team assessment tools and CEO replacements. In appendix 10.10 

and appendix 10.11 these tools are elaborated. 

 

6.4 Value Chain 

The new-found abstract theme is the value chain. The value chain is a powerful stakeholder 

and enables new strategies for crossing the valley of death. Legacy activities and open 

innovation have been mentioned as important factors. 

 

6.4.1 Legacy activities 

Legacy activities in this research are defined as activities performed by a company that is not 

related to their innovation process. While these activities might contribute to an increase in 

financial recourses, the main objective of these activities is overall recognition and trust 

perceived by stakeholders. Interviewees are given various examples. The legacy activities 

could be on a small scale like giving lectures, or on a big scale like performing distributor 

activities within a supply chain. These activities could lead to upfront payments by customers 

for product development, but the underlying purpose of these upfront payments is market 

validation and access to more financial resources from investors. Although the company could 

easier acquire upfront payments of customers, interviewees claimed that upfront payments 

will only cover the need for the financial recourses in the valley of death to a small extend. 

Semicon and Sensor C both see their legacy activities as an important validation factor for 

potential investors. This validation factor could decrease the perceived risk by the investors. 

To that end, companies with legacy activities could acquire more financial resources from the 

investor for their innovations. 

 

6.4.2 Open innovation  

Automotive highlighted the importance of being part of an existing value chain, and therefore 

involved stakeholders in their innovation process with the objective of convincing 

stakeholders to become part of their value chain. Importantly, becoming part of a value chain 

requires a certain degree of high appropriability. Venturebuilder B mentioned that companies 

should strive for high appropriability. High appropriability enables open innovation, and low 

appropriability hinders the execution of these strategies. Sensor C highlighted the danger of 

too much open innovation and argued to stay independent in the value chain. A dependency 

could lead to the acquisition of innovation using power play by external parties. These 

external parties would then only benefit from the innovations, and this would be perceived 
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as free-riding on the innovation. Nevertheless, open innovation is relevant to incorporate 

R&D processes. Namely, secondary data shows that open innovation is a strategy that allows 

the recombination of existing knowledge and technology between companies and different 

industries. Companies must find the right degree of open innovation. Both too much and too 

little open innovation could have a negative effect. On one end of the spectrum, too much 

open innovation will result in a loss of control and the company’s specific competencies. On 

the other side of the spectrum, too little open innovation increases the development costs. 

This low level of open innovation will lead to a deeper valley of death. 

 

Semicon, Investmentcompany B, Sensor B all touches on the concept of open innovation. 

Three open innovation strategies have been mentioned: (1) R&D cooperation, (2) challenging 

the suppliers, (3) contractual strategies. R&D cooperation is an open innovation tool 

proposed by Investmentcompany B. R&D cooperation involves the sharing of knowledge to 

develop innovations and requires a high appropriability. Semicon mentioned to challenge the 

suppliers in the existing supply chain, and leverage their role in the supply chain. Semicon as 

could initiating the suppliers to co-innovate. There are various ways to reach suppliers. For 

example, Nano involved the suppliers by pitching their ideas. This strategy requires a medium 

appropriability, but could in later stages lead to high dependency of the suppliers. The open 

innovation strategy with the lowest appropriability is the contractual strategies, whereby 

companies sign contracts with independent suppliers and manufacturers in the supply chain. 

This reduces the risk within the valley of death and the cash requirements. The contractors 

are not involved in sharing IP or knowledge, but focus on the requirements of specific tangible 

deliverables needed for the innovation. These strategies are proposed by Semicon and 

Automotive.  

 

All three strategies are a form of open innovation, but the utilization depends on the amount 

of trust between companies in the value chain. Companies with many legacy activities are 

highly trusted by stakeholder in their value chain. They can more easily utilize open innovation 

concerning their level of appropriability.  

 

6.5 Cohesive solutions 

In section 6.1 until 6.4 the different factors have been explained. In this section, factors will 

be elaborated, configured and their influence on the shape of the valley of death will be 

explained. The information acquired from unstructured interviews has also been used for the 

configuration of factors into cohesive solutions. The first two cohesive solutions are 

depending on an existing situation: becoming an established player in the value chain and the 

success factor of the innovations. The other two cohesive solutions could be utilized by high-

tech companies to cross the valley of death irrespective of an existing situation: involvement 

by the strategic investor and working methods and production strategies. 
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6.5.1 Established player in the value chain 

Companies that are part of a value chain can use this strategy. These companies can use a 

combination of legacy activities and open innovation as an advantage in their innovation 

processes. While companies have been using legacy activities to gain investments, the main 

achievement is to build trust to decrease the overall perceived risk of the innovation for the 

company stakeholders. These legacy activities are certain activities of the company in the 

same industry or within their value chain. In most cases, companies with legacy activities are 

already part of a value chain. The company is executing legacy activities in this value chain, 

and therefore stakeholders within the value chain are familiar with the company’s activities. 

Successful legacy activities could lead to more financial resources by investors. Moreover, 

legacy activities contribute to an increase in trust by the companies in the value chain. In 

section 6.4.1 the relation between legacy activities and open innovation strategies was 

discussed. Players within this value chain build trust, enabling the company to utilize 

contractual strategies, challenge their suppliers, or co-innovate to share R&D costs. In 

addition, established players in the value chain could allow new companies into the current 

value chain based on their innovations. Allowing new companies results in the extension of 

these value chains. In this manner, co-innovation can be applied in many phases of the 

innovation processes to not only share complex R&D costs throughout the value chain, but 

also add new companies to the value chain. 

 

Companies with many legacy activities are established players in their value chain, and they 

have a central role. These companies are initiators of innovation processes and could develop 

opportunities for other companies. However, the appropriability of the company should be 

high. Only when these companies meet this prerequisite, they can become an established 

player in a value chain and pursue open innovation to achieve cost-sharing R&D collaboration.  

 

The establishment of open innovation in a value chain decreases the need for financial 

resources for the company in the valley of death. Outsourcing different parts of the 

innovation becomes feasible. Elements of the innovation are now developed by multiple 

companies in the value chain. The external development of these elements will result in a 

significant drop in development costs for the company. This decrease in development costs 

makes the valley of death shallower; therefore, established players in the value chain can 

more easily cross the valley of death Figure 9 shows the valley of death for established players 

of the value chain. 
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∆ Available Recourses 

FIGURE 9 THE VALLEY OF DEATH FOR ESTABLISHED PLAYERS IN THE VALUE CHAIN 
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6.5.2 Customer Focused Innovation 

 

 
X = the missing product-market fit 

FIGURE 10 CUSTOMER FOCUSED INNOVATION, TECHNOLOGY PUSH, MARKET PULL AND 

CUSTOMER INVOLVEMENT STRATEGIES 

 

The customer focused innovation is initiated by the customer, or is mainly focused on the 

customer prior to the valley of death. Consequently, customer focused innovations are 

heavily influenced by market pull forces. These innovations are developed based on 

assumptions of customer problems. Throughout the innovation process, the innovations are 

assessed on to what extent the customer problems are solved. Unsatisfied outcome results 

in the termination of the innovation process such that unnecessary costs can be avoided. 

Therefore, terminated innovations will not experience the valley of death. For customer 

focused innovation, the utilization of certain tools is easier when the customer is known in 

advance. The iteration of feedback loops and the involvement of launching partners are tools 

to gather more feedback from the customer. This feedback reinforces the customer focus of 

these innovations, and contributes to an earlier fit of the commercial product with the 

customer need. Customers will drag the company earlier out the valley of death, because the 

company receives earlier revenue by selling their innovation.  

 

Customer involvement strategies could be used for technology push driven companies. 

However, technology push driven companies mostly lack a product / market fit. This can be 

seen in Figure 10. Without the product / market fit, technology-push driven companies 

cannot utilize these customer involvement strategies. These companies need an initiator, like 

the strategic investor, to become market pull driven which enable customer involvement 

strategies. 

 

Thus, companies that are developing customer focused innovations will cross the valley of 

death faster. The valley of death is narrower, because commercialization is achieved earlier 

by finding customers prior to the valley of death. (FIGURE 11)  

Technology Push X Market Pull
Customer 
focused 

innovation

Launching 
customer and 

feedback loops
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FIGURE 11 THE VALLEY OF DEATH FOR CUSTOMER FOCUSED INNOVATION 

 

6.5.3 Involvement by the strategic investor 

 

 

Active Strategic 
investor

Commercialization 
of the 

innovationprocess

Increase 
commercial 

expertise

Customer 
involvement

Passive Strategic 
Investor

Financial 
recources

FIGURE 12 FACTORS WHICH THE ACTIVE AND PASSIVE STRATEGIC 

INVESTOR CAN ENABLE. 
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High-tech startups, which are from origin neither customer focused, nor an established player 

in the value chain, need a strategic investor. For these high-tech startups, the involvement of 

the strategic investor is the most important factor to cross the valley of death. The informal 

asymmetries in the valley of death between high-tech startup and average investors are high 

(Fisher et al., 2016). However, these information asymmetries are relatively lower for the 

strategic investor. Also, this type of investor has other positive traits, which are described in 

section 6.2.2. Therefore, the strategic investor has fewer communication barriers than the 

average investor. In addition, the average investor passively invests and waits for a higher 

return on investments, while the strategic investor can be actively involved in the 

development of the high-tech startup. Figure 12 shows the difference between active and 

passive investor. 

 

The strategic investor should play an active role, by contributing to the innovation process, 

thus enabling investor involvement. Moreover, an active strategic investor could involve a 

network within the industry or businesses with the same underlying technology. This network 

gives easy access to potential employees with commercial expertise and potential customers. 

The strategic investor gives access to these people by their huge network, and will strengthen 

in this manner the following three factors. First of all, the strategic investor can help the 

company to adjust its innovation process to certain specific outcomes. These specific 

outcomes are focused on the commercialization of the innovation. Secondly, the strategic 

investor can increase commercial expertise in the startup’s team. The startup could not be 

aware of a lack of commercial expertise, or is not able to hire experienced commercial people. 

Thirdly, the strategic investor can connect the company with a launching customer. Besides 

the network of the strategic investor encapsulates potential employees, it also allocates 

potential customers for the startup. Overall, the utilization of these strategies will increase 

the product / market fit of the innovation. 

 

Thus, a strategic investor differs from an average investor by different aspects that together 

contribute to an overall reduction of information asymmetries. The additional financial 

recourses available; enables the company to spend more recourses in the valley of death and 

allows a deeper valley of death. However, this increase in financial resources will not 

necessarily help to cross the valley of death. The strategic investor has to be actively involved 

to enable product / market fit. An active strategic investor will make the valley of death 

narrower by speeding up the commercialization of the innovation process. (Figure 13) 
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∆ Available Recourses 

 

FIGURE 13 VALLEY OF DEATH FOR COMPANIES WITH STRATEGIC INVESTOR INVOLVEMENT 
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6.5.4 Working method and production strategies 

High-tech companies can also utilize strategies to cut development costs. The concepts of 

agile working method, MVP and COTS products all focus on preventing unnecessary 

development costs. There is still debate about whether or not the agile working method is 

functional. However, high-tech companies could benefit from MVPs and COTS products. The 

MVP’s and COTS products’ focus on the customer and on the reduction of development 

spillovers. This could result in a shallower and narrower valley of death. The MVPs and COTS 

products require the customer as stakeholders, and prevent continuous technological 

improvements without never producing a commercial product. MVP differs by enabling 

market learnings, while COTS product aims to develop a generic product that later can be 

modified to specific customers. The focus on the customer increases the commercialization; 

thus, the valley of death will be narrower. Both product strategies also set boundaries on 

technological development by minimalizing costs while developing a potential commercial 

product. Therefore, both production strategies could result in R&D resource optimization 

which reduces the development spillovers. This reduction of development spillovers results 

in a shallower valley of death. In Figure 14 de total effect of the MVPs and COTS products is 

shown. 

 

 

 

FIGURE 14 VALLEY OF DEATH FOR COMPANIES WITH WORKING METHODS AND 

PRODUCTION STRATEGIES 
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7 Discussion 
The discussion consists of two parts: the theoretical implications, followed by managerial 

implications.  

 

7.1 Theoretical implications 

First, additional or contradictory theories about existing factors will be elaborated. Second, 

implications in support of the cohesive solutions and unexpected findings will be explored. 

After the summarization of key results, the section concludes with limitations and suggestions 

for further research. 

 

 

 

FIGURE 15 OVERVIEW OF FACTORS DIVIDED INTO THEMES AFTER THE IMPLEMENTATION OF 

THE FINDINGS. 
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7.1.1 Reflect back on the customer part 

This study revealed that early customer focus accelerates the commercialization. Customer 

focus contributes to lower market risk. Therefore, from TRL4 the company should acquire a 

customer focus to reduce the market risk of the innovation. Nemet (2018) acknowledges a 

fragile demand as a barrier for crossing the valley of death, but has not stated solutions for 

this phenomenon. This section proposed solutions to the fragile demand described by Nemet 

(2018). These proposed solutions ensure that companies will not experience a fragile demand 

in the valley of death, and therefore elaborated on the concept of fragile demand in the valley 

of death. The solutions for fragile demand: (1) customer focused innovation, (2) customer 

involvement.  

 

The customer focused innovation is driven predominantly by market pull; thus, this strategy 

advises companies beginning their innovation process from a market approach. Bigmedtech 

A and Bigmedtech B use the market pull driven approach in their innovation processes. This 

is in line with the research of Walsh & Kirchhoff (2002) which claimed that established 

companies use relatively more market pull driven innovations than new companies.  

 

Research on the valley of death seldom intersects with market pull strategies. In this study, 

the customer involvement encapsulates market pull strategies to involve the customer in the 

innovation process, like finding a launching customer and the iteration of feedback loops, 

both in particular have not been mentioned in the literature as a strategy for crossing the 

valley of death. These strategies are used for identifying and integrating customer needs, and 

can be utilized at later stages in the innovation process. Although market research is limited 

in the early stage of innovation processes, Enkel (2005) already advocated involving the 

launching partner in the prototype development. The risk paired with the dependence on the 

launching partner is in line with this research. Even when high-tech companies follow all the 

fuzzy front end strategies described by Enkel (2005), it should be recognized that finding a 

principal customer is an arduous task for technology orientated companies. Nevertheless, 

technology push driven companies could use these strategies with an intermediary. This could 

explain why these strategies have not been mentioned in the literature. Customer 

involvement strategies for most high-tech companies excessively require intermediaries for 

implementation, and are no stand-alone solutions.  

 

Furthermore, Weyant (2011) claimed that educating the customer is important for decreasing 

the knowledge gap between company and customer. This study briefly touches on this topic 

in section 6.1.2.1, where the iteration of feedback loops is discussed. Educating the customer 

mainly focused on shortening the knowledge gap, a cognitive distance between the 

knowledge surrounding the product and the customer. However, the knowledge gap 

between company and customer has not been seen as an important barrier. 
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7.1.2 Reflect back on the investor part 

The investor has been identified as an important stakeholder in the valley of death. This also 

applies to an investor in a board function. Neither the financial indicators, nor the 

demonstration of technological progress have been mentioned as important factors for 

crossing the valley of death. The involvement of the investor and the strategic investor are 

the only two important factors for this stakeholder. The factor strategic investor and 

involvement of the investor coincide when the strategic investor plays an active role. An 

active strategic investor is more valuable for a high-tech startup.  

 

Fisher (2016) proposed two literature gaps concerning the information asymmetries. First, 

Fisher (2016) stated that the responsible people for solving these legitimacy factors and the 

role of the transition from symbolic sources to tangible sources are not adequately addressed 

for obtaining funding. The tangible resource identified in this research is the number of 

customers. The active strategic investor contributes to an increase of customers by his 

network and market focus, and thus gives access to this tangible resource. Second, in Fisher 

(2016) the question remains who are the responsible people for solving these legitimacy 

factors? This study answers this question by proposing that the strategic investor could play 

a key role to solve these legitimacy factors. The strategic investor understands technology 

integration and recognizes the value of potential markets. Consequently, the knowledge gap 

between the strategic investor and the high-tech company is shorter than between financial 

investor and high-tech company. The so-called cognitive distance between the knowledge 

surrounding the product’s technology is shorter; therefore, the communication between 

expertise is easier (Knockaert et al., 2011). 

 

7.1.3 Reflect back on the company 

Neither working methods, nor production strategies were mentioned as a solution for the 

valley of death. Enkel (2005) claimed that the main challenge of customer integration is a lack 

of reference customers. This results in an increase in development costs by unnecessary 

product changes. This research redefined the prototype development method. In addition to 

the standard prototype, other production strategies, like MVPs and COTS products were also 

suggested. There should be a clear distinction between the development of prototypes, 

MVPs, and COTS products. Research has shown that customers are mostly not involved with 

the development of prototypes of high-tech products, because these prototypes are created 

in a lab environment for testing technical requirements and not fulfilling customer needs. 

However, MVP and COTS products can be utilized to explore and integrate customer needs. 

 

Markham (2010) stated that there is a lack of commercial expertise in the valley of death, and 

proposed more commercial expertise as a solution. This is consistent with the findings. 

Commercial expertise plays an important role in crossing the valley of death. More 

commercial expertise to facilitate customer integration in the innovation process should not 
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be neglected. The research suggested various ways of how commercial expertise can be 

implemented without resulting in high cognitive distances between people.  

 

Furthermore, Markham (2010) stated that dynamic interplay between informal roles 

becomes possible, because these roles are not officially adopted in static processes. This 

explains why the flexibility of teams by interviewees was highlighted. Nevertheless, the 

present study confirmed that the informal roles are not playing an important role. 

 

7.1.4 Unexpected findings 

Solutions and abstract themes 

Our results cast a new light on the valley of death. Besides the validation of factors and the 

discovering of new factors, the relation between factors has been explored and configured 

into cohesive solutions for the valley of death. These solutions demonstrate various impacts 

on the shape of the curve of the valley of death. This is a promising finding that has been 

neglected by existing literature. Moreover, this study clearly defines a new stakeholder of the 

valley of death: the value chain. This abstract theme consists of the factors legacy activities 

and open innovations and elaborates on the existing factor supply chain development 

(Tassey, 2014; Teece, 1986). There has been limited research on open innovation and legacy 

activities concerning the valley of death. This research elaborates on supply chain 

development with these new factors. Moreover, there was lacking a review of appropriability 

for the valley of death. The results elaborated on the concept of appropriability by explaining 

the open innovation levels and its different levels impacting the valley of death. 
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FIGURE 16 THE COHESIVE SOLUTIONS AND THEIR RELATION TO THE FACTORS AND THE 

ABSTRACT THEMES 

 

Our findings found the clearest support for the customer focused innovation and the investor 

involvement of the strategic investor. Moreover, the findings revealed the impact of the 

technology push and market pull forces on the progression through the valley of death. It has 

become clear that these forces play a dominant role within the valley of death. In technology 

push driven innovations the customers have a relatively minor role in the overall innovation 

processes. However, the drivers of market pull innovations are the customer needs (Zmud, 

Shank, & Boynton, 1985). Customer focused innovations are predominantly driven by market 

pull, so these innovations focus on customer need. This type of innovations results in a 

narrower valley of death. On the contrary, technology push driven innovations have a wider 

valley of death, and mostly need an external initiator to establish a market pull driven 

innovation process. The strategic investor could be this initiator by enabling customer 

involvement for these innovations or increasing the commercial expertise in the high-tech 

company. The strategic investor interrelates with factors across multiple abstract themes; 

having a positive impact on the company and the customer. This can be seen in Figure 16. 
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Value Chain Model 

In literature, the two elements of push and pull almost always appear in dichotomy. However, 

the basic push-pull model is inadequate, because there are strong interdependencies 

between these elements. In line with this idea, a value chain model describing three forces 

within the valley of death has been found: (1) technology push, (2) market pull, and (3) the 

intermediaries (Islam, 2017). The investor involvement of the strategic investor in relation to 

this value chain is elaborated. 

 

 

FIGURE 17 VALUE CHAIN MODEL 
 Reprinted from “Crossing the Valley of Death—An Integrated Framework and a Value 

Chain for Emerging Technologies”, by N. Islam, 2017, IEEE Transactions on engineering 

Management, 64, p. 393. 

 

Islam (2017) claimed that an overall push and pull approach is inadequate and designed a value chain model that 

proposed the intermediaries. The intermediaries are combining on one hand the push strategies, and on the other 

hand, the pull strategies; the manufacturing capabilities will be matched with customer needs. Operating between 

push- and pull strategies enables an integrated push and pull framework improving speed and quality of technology 

transfer in the innovation processes.  

 

Gaining awareness and understanding of the intermediary role could give companies a 

competitive advantage. Islam (2017) argued that the intermediary role is crucial to cross the 

valley of death. The most important function the intermediaries fulfill is the validation of the 

market. High-tech companies could not or falsely understand their customers. The market 

pull forces are missing. This research acknowledges the important function of the 
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intermediaries, by recognizing that most high-tech companies need a transition between 

technology push and market pull. This transition is in essence the product / market fit. 

 

The intermediary is the active strategic investor that initiates the market focus in the early 

stages of technology push driven companies, thereby acts as the intermediary facilitating the 

transfer from the technology push or pivot to a more market pull driven high-tech company 

to achieve product / market fit. The active strategic investor could increase the commercial 

expertise, and utilize customer involvement strategies. In line with previous studies, stage-

gate processes and profile requirements for customer identification and contribution are 

initiated to guide companies in the commercialization (Enkel, Perez-Freije, & Gassmann, 

2005). However, most technology orientated companies need external initiation by the 

strategic investor. The strategic investor could enable the company to apply customer 

involvement strategies, like launching customer and iteration of feedback loops, to identify 

and integrate customer needs for a better product / market fit. Different players along the 

three elements of the value chain have not been mapped. From the short review above, key 

findings emerge for these different players: engineers for advanced emerging technologies, 

strategic investors as intermediaries, and commercial orientated people for the market. 

 

Risk profile 

Qualitative research has also given more insight into this high-risk period; it has become 

conspicuous which risks contribute to the origin of the valley of death. This research leads to 

more detailed information on the risk profile perceived by the investors. 

 

Commercialization in the innovation process is needed for successful innovation (Kazanjian & 

Drazin, 1990; Teece, 1986). This research acknowledged that the valley of death is all about 

the commercialization of the innovation, and revealed that market risk is the most important 

risk factor in the valley of death. Literature showed three risk factors; high financial risk 

(Nemet, Zipperer, & Kraus, 2018; Tassey, 2014), high technology risk (Branscomb & 

Auerswald, 2001; Nemet et al., 2018; Tassey, 2014), and high market risk (Nemet et al., 2018). 

The results show that high-tech companies might focus predominantly on the reduction of 

technological risk through technology development. Contrary to the findings of Tassey (2014) 

and Nemet (2018), the technology risk is not perceived as a major challenge for high-tech 

companies in the valley of death. 

 

The findings suggest high-tech startups could obtain sufficient funding for technological 

development to decrease technological risk. However, these companies lack financial 

recourses, because private investors base their investment decision on the perceived market 

risk, and not on the perceived technological risk. Moreover, private investors mostly perceive 

the technology risk of high-tech companies lower with respect to the same degree of market 

risk. Venturebuilder B claimed that the organization of the technological development is the 
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least important for the investor. Instead, Venturebuilder B highlighted the importance of 

market risk by potential investors: 

“some companies haven’t been able to prove to an investor that the market is waiting for their 

invention” 

 

Space added: 

“there hasn’t been a company or a startup that’s failed because of the technology. But the 

technology always works. That’s never the cause of any failure. The failure is always that you 

cannot attract the first market”  

 

While the overall technology risk is relatively the least important for the funding gap occurring 

in the valley of death, market risk and financial risk are perceived high in the valley of death. 

The market risk is high, because of the uncertainty of market receptiveness of the innovation 

in the early stages of the innovation process. Although public funders are making fewer 

investment decisions on market risk, private investments are necessary to drag the company 

out of the valley of death and mainly consider the market risk.  

 

Consequently, it also has become clear that the financial risk is highly depending on the 

market risk. Although the overall innovative power will not be limited as a result of not 

focusing on a decrease in market risk, crossing the valley of death will become a bigger 

challenge for these companies.  

 

 

 
 

FIGURE 18 RELATIONS TO THE RISK FACTORS WITHIN THE VALLEY OF DEATH 
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Thus, it is evident that the low perceived market risk is vitally important to attract funding for 

crossing the valley of death. All four abstract themes and their underlying proposed solutions 

and strategies, except open innovation, are related to the reduction of the market risk. All 

factors, are directly or indirectly affecting the financial risk; thus, will have either directly or 

indirectly an impact on the reduction of the market risk. 

 

In the literature the complete risk profile of the valley of death has not been studied; the 

different risks are also not compared. This study clearly shows the importance of the risks 

involving the valley of death, and links these risks to its emergence.  

 

7.1.5 Limitations and suggestions for further research 

All interviewees have been aware of the concept of the valley of death, and many have also 

experienced this challenge as company founder. However, it is important to note that the 

present evidence relies on factors mentioned by various companies in different business 

areas. While all companies are categorized in the high-tech industry, the companies differ in 

size and subindustry. For example, the Medtech companies could utilize certain strategies to 

cross the valley of death whereas sensor orientated companies could not. Therefore, further 

research could define their sample by investigating high-tech companies with similar size in 

the same subindustry. For this research, it has been a challenge to execute this approach. The 

amount of time and the limited network would not have led to a sufficient sample. Moreover, 

the current sample aims to show the broader perspective, which allows the easier 

generalization of the results. 

 

Furthermore, in the results various linkages between factors have been found; however, the 

cohesive solutions differ in their strength of evidence. These results have strongly confirmed 

that the success factors of the innovation and the involvement of the strategic investor are 

helping companies to easier cross the valley of death. The other two cohesive solutions could 

be further investigated. First, there are still many unanswered questions about the utilization 

of production strategies for the reduction of production spillovers. Research in this domain is 

in general new. Therefore, a comprehensive strategy to use MVP, COTS products, or the agile 

working method for high-tech companies in their innovation process is missing. Further 

research on these concepts and their influence on the valley of death can give a more in-

depth view. Second, the established player in the value chain is an interesting solution. 

However, a more overall demonstration of this solution is missing. Companies in the start-up 

phase are highly dynamic entities (Khurana & Rosenthal, 1997), and ecosystems are highly 

complex systems. So, investigating how an entire ecosystem experienced the valley of death 

is currently not possible. However, the results of this research imply solutions that could work 

on the ecosystem level. Further research on the progression in the valley of death on the 

ecosystem of PhotonDelta could be an interesting topic as this could examine the valley of 

death on the ecosystem level. 
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7.2 Managerial implications 

Customer focused innovation 

Companies could use customer focused innovation. By developing customer focused 

innovation, the valley of death is narrower and hence, this type of innovation leads to an 

easier crossing. The companies should consider willingness to pay and customers' problems. 

During the innovation process, companies can determine these factors by using iterative 

feedback loops. The total development unit costs should never exceed the willingness-to-pay. 

Customer innovation will start by understanding the customers' problems. Note that it is no 

exception to go five layers deep. The company could organize expert panels where customers 

talk about their needs and problems.  

 

Companies in the early stages of the Dutch integrated photonics ecosystem are technology 

focused. The company is not making revenue; however, keeps receiving a sufficient amount 

of financial recourses, so it will not go bankrupt. Public funding for progressive companies 

would be inefficient after TRL 4, because this type of funding is too much technology push 

driven. Whereas the valley of death is caused by the lack of a smooth transition between 

public- and private funds, these companies might need a certain bridge funding. 

 

Private investors are focusing more on market objectives which could stimulate these 

companies to commercialize their innovations. However, most private investors are risk-

averse to invest in integrated photonics companies. Therefore, PhotonDelta should work 

together with private investors to share the risk. They supply bridge funding in the 

development phase stimulating the companies to become more customer focused from TRL 

4 and beyond. Currently, this cooperation is for PhotonDelta a common strategy. PhotonDelta 

should keep executing this strategy, and supply the bridge funding for the high-tech 

companies in the ecosystem. Early stage investment (before TRL 4) is not necessarily needed, 

and should not be the main focus of PhotonDelta. When the number of companies in the 

ecosystem is increasing, there should be either more funding available from PhotonDelta or 

the number of investors executing the same role as PhotonDelta should be increasing. The 

number of strategic investors will be increasing by an increase in successful commercial 

products of integrated photonics. This decreases the perceived market risk for private 

investors. Therefore, more private investors become less risk-averse towards integrated 

photonics. They will invest in earlier stages (from TRL 4), and pursue the role of PhotonDelta 

by supporting high-tech companies with bridge funding. 

 

Involvement of the strategic investor 

The involvement of the strategic investor not only for companies interesting, but also for 

strategic investors. The passive strategic investor will invest with a low level of information 

asymmetries, which could lead to a sufficient amount of financial resources to cross the valley 

of death. The passive strategic investor will not stimulate the customer focus, so not make 

the valley of death narrower. However, an active strategic investor could lead to a narrower 
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valley of death. Companies that are initially not customer focused should find an active 

strategic investor in their early stages. In particular technology push driven companies mostly 

lack a product / market fit. While a passive strategic investor would not increase the 

commercialization, the active strategic investor advocates the commercialization of the 

innovation. This strategic investor could enable the commercialization of the innovation 

processes by: (1) increase commercial expertise (2) customer involvement. Increasing 

commercial expertise is the most important tool to speed up commercialization. These tools 

could lead to a shift from technology push to market pull forces with the active strategic 

investor having an intermediary role between these forces. The strategic investor benefits 

from having an active role, because fewer financial resources are needed due to a narrower 

valley of death. Therefore, the strategic investor should always aim to have an active role. 

 

PhotonDelta is an intermediary between technology push and market pull innovations. 

Currently, PhotonDelta has a pro-active attitude towards commercial development of 

innovations for high-tech companies. Therefore, PhotonDelta could be seen as a strategic 

investor. Moreover, they are involved in the commercialization of the innovation process, and 

market analysis for the integrated photonics circuits. PhotonDelta acknowledges that a 

number of companies in the ecosystem lack commercial expertise. Nevertheless, 

PhotonDelta is not actively increasing commercial expertise in high-tech companies. For these 

companies, it is difficult to increase their commercial expertise. First, there is a certain 

knowledge gap between them and the commercial orientated people. Second, commercial 

knowledge about the integrated photonics in the job market is scarce. Third, hiring 

commercial people will lead to exorbitant costs. Commercial people need to be educated in 

this new technology which is causing a high learning curve. This high learning curve leads to 

additional costs. The strategic investor might play a decisive role to solve this problem. The 

strategic investor could involve recruitment agencies considering that a sufficient number of 

high-tech startups in their portfolio need commercial expertise. To that end, PhotonDelta 

should cooperate with recruitment agencies adding a supportive layer to the integrated 

photonics ecosystem.  

 

PhotonDelta should actively be involved by orchestrating the main activities. First, they 

should set up the list of requirements for the people the Dutch integrated photonics 

ecosystems needs. Second, PhotonDelta can also develop training programs for commercial 

people on integrated Photonics. The execution of these training programs could be done by 

the recruitment agencies themselves involving also various technical people within the 

ecosystem as a teacher. The progress should be benchmarked by PhotonDelta. PhotonDelta 

is also aware of which of the companies within the ecosystem need commercial expertise, so 

after the training they should be involved with the matching process. In summary, the cost 

for the recruitment agencies will be covered by the PhotonDelta, while high-tech companies 

could find commercial people by these recruitment agencies. These high-tech companies 

benefit from their increase in commercial expertise. The increase of commercial expertise 
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enables faster commercialization of the innovations and could also enable customer 

involvement. 

 

Established player in the value chain 

Companies that are part of a value chain could decrease the development costs in their 

innovation process; thus, being part of a value chain could make the valley of death shallower. 

This strategy works in particular for complex products consisting of multiple components. The 

companies have to meet two conditions: First, the company has a high degree of 

appropriability which enables open innovation. Second, the company is a trusted player in 

the value chain by its legacy activities. An established player in the value chain can challenge 

companies both downstream and upstream in its value chain engaging backend and frontend 

to co-innovate, which results to a greater extent the sharing of development cost. However, 

it is appropriate to issue certain caveats here. This strategy could only work where the 

knowledge gap of the products between players can be bridged. An established player with a 

radical innovation that does not fit the development capabilities of the value chain and is less 

likely to succeed. In addition, a high open innovation level comes with challenges. This overall 

strategy can lead to a high dependency on the other players in the value chain, and too much 

open innovation can lead to loss of control and the company’s specific competencies.  

 

The objective of PhotonDelta is a successful Dutch integrated photonic circuit in the 

Netherlands. Established players for integrated photonics are mostly not found in the 

Netherlands. Moreover, any foreign players might have a low appropriability towards the 

Dutch high-tech companies and will most likely not enable open innovation strategies. 

However, PhotonDelta can advocate open innovation to the companies in the value chain. 

Advocating for open innovation is not resulting in compulsory actions. For expressing the 

urgency, PhotonDelta could consider obligations for open innovation for each high-tech 

company receiving new funding. A less compelling strategy is the setup of open innovations 

activities as an incentive, like demonstration projects. As a result, high-tech companies will 

be surrounded by activities in the ecosystem that stimulate the sharing of technology.  

 

The relatively more mature players in the value chain could have a leading role in the 

innovation process by sharing knowledge or even support new players by co-innovation. The 

financial capacity of the more mature companies in the ecosystem could allow an increase in 

legacy activities. PhotonDelta could initiate the company to perform legacy activities, 

regardless of the mature company is no longer receiving funding. Currently, most 

stakeholders in the high-tech sector are not aware of the advantages of integrated photonics 

technology. Developing additional products that create public awareness could result in an 

increasing interest in integrated photonics technology. For example, the COVID test, with as 

underlying technology integrated photonics, creates overall market awareness for integrated 

photonics. 
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Working methods and production strategies 

The agile working methods, the MVP and COTS products are interesting concepts. Companies 

could contemplate these concepts in their innovation process. However, there is not yet 

sufficient research to show which conditions have to be met to succeed. It is evident that an 

MVP would only work when the company has achieved adequate customer focus; the COTS 

products are an interesting concept for companies that have innovations fitting into a generic 

design scheme. 

 

The working methods and production strategies are not yet used by companies in the Dutch 

integrated photonics ecosystem. PhotonDelta has acknowledged the importance of this 

strategy. Subsequently, PhotonDelta in collaboration with these companies aims to start 

developing MVPs and COTS from January 2021. New companies in the ecosystem can use 

COTS from other companies as components for their innovations. This will decrease their 

development costs and makes their valley of death shallower. It will become more attractive 

for companies with less financial capital to create integrated photonic innovations.
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8 Conclusion 
This research has a more general approach to explore the factors for crossing the valley of 

death. It leads to a broader scope on both the factors stated in literature and new factors 

identified within this research. The broader scope of these factors had been a gap in the 

literature. This research used MGT combined with the thematic analysis to identify these 

factors and categorize them under their stakeholders. A new stakeholder was identified: the 

value chain. The interrelations between certain factors allowed the configuration of factors 

into cohesive solutions. These cohesive solutions include a comprehensive description that 

explains how these factors affect the shape of the valley of death. The cohesive solutions are: 

(1) Established player in the value chain (2) Customer focused innovation (3) Involvement by 

the strategic investor (4) Working method and production strategies. The general approach 

limits further detailed implementations of the Established player in the value chain and the 

Working method and production strategies; however, future studies could go more in-depth 

on these solutions. There is clear evidence that the Customer focused innovation and the 

Involvement by the strategic investor will enable companies to cross the valley of death. Both 

of these solutions could result in a narrower valley of death. Somewhat surprisingly, the 

technology push and market pull forces are playing an important role for many factors. There 

is a clear difference between technology driven and market pull driven companies for crossing 

the valley of death. Customer focused innovation has been customer focused since the start 

or from TRL4 of the innovation process, and are therefore mainly market pull driven. 

Technology driven companies mostly become more customer focused by an intermediary: 

the strategic investor. These companies need already in the early stages of their innovation 

process a strategic investor to obtain sufficient resources for further development (beyond 

TRL4). The active involvement of the strategic investor can also empower commercialization 

increasing the commercial expertise in the high-tech company and enabling customer 

involvement. Overall, factors have been rarely combined into cohesive solutions, and a similar 

presentation of these solutions on the shape of the valley of death cannot be found in the 

literature. Ultimately, this study conceptualizes the value chain model of Islam (2017) by 

proposing the role of the active strategic investor. 
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10 Appendices 
 

10.1. Identifying search terms & build search strings 

A general broad search term for the concept was chosen because in this manner a large 

number of articles are included and none relevant articles are excluded. Thus, the search term 

is: “valley of death” See the search inquiry below:  

 

TOPIC: (valley of death) AND LANGUAGE: (English OR  Dutch) 

Refined by: WEB OF SCIENCE CATEGORIES=( MANAGEMENT OR 

BUSINESS OR ECONOMICS OR BUSINESS FINANCE 

OR ENGINEERING INDUSTRIAL OR MULTIDISCIPLINARY 

SCIENCES OR ENGINEERING MULTIDISCIPLINARY ) 

AND LANGUAGES=( ENGLISH ) AND WEB OF SCIENCE 

CATEGORIES=( MANAGEMENT OR BUSINESS OR ECONOMICS 

OR ENGINEERING INDUSTRIAL OR MULTIDISCIPLINARY 

SCIENCES OR ENGINEERING MULTIDISCIPLINARY OR BUSINESS 

FINANCE OR PUBLIC ADMINISTRATION ) 

Timespan=All years. Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI. 

 

10.2. Inclusion and exclusion criteria 

 

Table 10. Inclusion and exclusion criteria of the systematic literature. 

 

Inclusion Criteria 

 

Exclusion Criteria 

 

Articles of “Web of Science” Not accessible by the TUE 

Written in English Not peer-reviewed 

Field  

• Management 

• Business 

• Economics 

• Engineering Industrial 

• Multidisciplinary Sciences 

• Engineering Multidisciplinary 

• Business Finance 

Journal impact factor lower than 1 (or Q3 or 

Q4) 

 

Does not fit in the particular 

environment/irrelevant by title and abstract 

reading. 

Does not have an adequate sample 
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10.3. Flowchart literature review 

 

 

 
 

FIGURE 19 FLOW DIAGRAM OF LITERATURE SELECTION PROCESS 
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10.4. Articles by familiarization of the valley of death 

 

Table 11. Author and year of academic articles, books and reports found by familiarization of 

the general concept. (before systematic literature review). 

 

(Azizian et al., 2009) Academic article 

(Branscomb, 1998) Book 

(Branscomb et al., 2000) Report 

(Branscomb & Auerswald, 2002) Report 

(European Commission, 2015) Report 

(Hobday, 1998) Academic article 

(Mankins, 1995) Report 

(Mazzucato & Semieniuk, 2017) Academic article 

(Murphy et al., 2002) Report 

(Murphy & Edwars, 2003) Report 

 

10.5. Secondary recourses 

 

Table 12. Author and year of academic articles, books and reports used during and after data 

analysis. 

 

(Adner & Kapoor, 2010) Academic article 

(Cooper, 2008) Academic article 

(Enkel, E., Kausch, C., & Gassmann, 2005) Academic article 

(Enkel, E., Perez-Freije, J., & Gassmann, 

2005) 

Academic article 

(Ghezzi & Cavallo, 2020) Academic article 

(Islam, 2017) Academic article 

(Mansoori, 2017) Academic article 

(Mazzucato, 2018) Book 

(Peralta, Echeveste, Lermen, Marcon, & 

Tortorella, 2020) 

Academic article 

(PhotonDelta, 2019)  PowerPoint presentation 

(PhotonDelta, 2020) PowerPoint presentation 

(PhotonicsNL et al., 2020) Report 

(Walsh, S. T., & Kirchhoff, B. A., 2002) Academic article 

(York & Danes, 2014) Academic articles 
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(Zmud, R. W., Shank, M. E., & Boynton, A. C., 

1985) 

Academic article 

10.6 Interview protocol 

 

Q1 Could you tell me a first more about your background and your current role in the 

organization? 

Q2 Could you also tell me a bit more about the company, their products and their 

ecosystem? 

Q3 Have you been aware of the valley of death and did your company experience the valley 

of death? In other words, did your company experience a funding gap before 

commercialization?  

Q4. If not, why do you believe the company did not experience a valley of death? 

Q5 Could you elaborate more on these factors 

Q6 If yes, tell me about the time your company experience this (valley of death)? 

Q7 What has been the main cause of this valley of death? 

Q8 To what degree is this valley of death a serious problem for your company? 

Q9 Why do you think the valley of death might occur more in this type of companies? 

Q10 Could you give an estimate of when your company first started to experience a lack of 

funding? 

Q11. What specific steps did the company take to solve the funding gap caused by the valley 

of death? 

Q12 What was your particular contribution? 

Q13What was the outcome of these actions? 

Q14. How did you measure this outcome? 

Q15 How did you organize your R&D processes? 

Q16 Are there any internal capabilities that could help to bridge the valley of death? 

Q18 To what extent have the objectives and investment focus between the public sector 

and the private sector been a challenge? 

Q19 Which factors would have helped to attract new funding? 

Q20 How do you validate the market early stage? 

Q21 Which specific steps do you take to involve the customers? 

Q22 Could you react on the following statement: “the technology speaks for itself” 

Q23 Summarize all factors mentioned by respondent and then ask: Which factors have been 

the most important for crossing the valley of death? 

Q24 Tell me an obvious solution to the problem we might have not discussed. 

Q25 What are your takeaways from your experience with the valley of death for startups in 

the Dutch integrated photonic ecosystem? 
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10.7 Thematic framework 

This research used a thematic framework to identify the factors, because this framework gives 

a good overview of people’s experiences in the valley of death while maintaining a flexible 

interpretation of the data (Srivastava & Thomson, 2009). Thematic framework analysis is 

process efficient, for data analysis and the collection process can be done simultaneously. 

Moreover, this analysis is tentative and further changes are allowed. Although the 

interpretation of the data is flexible, the framework analysis is a guided process that results 

in a systematic efficient analysis. In this research a large amount of qualitative data was 

collected; therefore, this guided process would support the researcher.  

 

The thematic approach used for qualitative analysis as previously mentioned is both inductive 

and deductive. Because Miles & Huberman (1994) proposed that during interviews 

unanticipated information can emerge, the framework for this research is open to change. 

Given this fact, the thematic framework is created before executing any interviews. The 

abstract themes are based on the deductive approach, while factors organized under these 

themes can be discovered by research or literature. The linkage between the factors could be 

mapped to give a solution for crossing the valley of death (Srivastava & Thomson, 2009). 

 

10.8 Underlying dynamics 

Interviewees mention a few factors that are vital for companies to cross the valley of death, 

but are not part of a specific solution or strategy. These factors could be needed for the overall 

companies’ success. Venturebuilder A stated: 

“just serving a funding bridge does not solve the problem if you create lousy ventures” 

 

These factors can vary during the innovation process in characteristics and magnitude. For 

this reason, these factors are considered underlying dynamics. The following underlying 

dynamics have been found: (1) the team, (2) the network. 

 

The team 

Many interviewees mentioned the team as an important factor for the valley of death and 

elaborated on the value of the team. Team composition is key for internal productivity, but 

also for obtaining external financial resources. First and foremost, the investors are making 

their funding decision based on the team of the start-up. For this reason, Venturebuilder A, 

Investmentcompany A and Venturebuilder C showed their interest in the team by using team 

assessment tools. Most high-tech-companies highlighted the importance of a flexible team. 

Whereas Bigmedtech B highlighted the importance of the individual role of each member in 

the team and the awareness of the existence of an actual team. These teams and roles can 

be either formal or informal.  
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Network 

Interviewees mention an established network as a key factor for the overall development of 

the company. Access to a network enables solutions for crossing the valley of death. In 

general, a huge network gives access to more stakeholders on both the customer and investor 

side.  

 

The company’s network could create awareness for investors. Interviewees have mentioned 

many examples of the importance of the network to find investors. For example, Automotive 

could connect early stages with CEOs of other companies for initial investments, whereas 

later on the network of a financial broker contributes to finding their main investor. 

Alternatively, expert technology panels could enable a community-based network that gets 

investors involved. At last, networks could be built that specifically focus on potential 

investors. Investmentcompany A calls this the syndicate of investors.  

Moreover, the company’s network could also reduce customer dependency on customer 

diversification. Venturebuilder A, Investmentcompany B and Sensor C argued that customer 

diversification is important. Customer diversification is possible when companies have access 

to a great number of potential customers. A huge network gives more access to potential 

customers.  

 

10.9 Independency of investors to maintain the original culture 

Sensor B, Smallmedtech and Nano argued that the companies have to a certain extent stay 

independent of investors in order to maintain the company culture. Sensor B claimed that a 

loss of company culture is a loss of innovation readiness; it is vitally important to maintain 

culture while scaling. Therefore, veterans, the people staying the longest in the company, 

should be moved around within the company, and be involved in key positions. Smallmedtech 

mentioned the two following statements: 

(1) “too much influence from VCs changes the team sometimes rather fast” 

(2) “Original investors might feel at a certain moment that it is not their company 

anymore” 

 

Nano claimed that the private investor can be involved in the board and management, and 

will not directly influence the company culture. So, there should not be too much influence 

of the investors on the startup.  

 
The strategic investor can use certain tools to access or gain more influence on the 

commercial expertise of the team: Team assessment tools and CEO replacement. 

 

10.10 Team Assessment tools 

Venturebuilder A, Investmentcompany A, Venturebuilder C are using team and individual 

assessment tools to access high-tech startups. While individual assessment tools are also used 
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to evaluate on individual capabilities, the team assessment tools evaluate on team coherence. 

This means that the investor can determine if team members could cooperate together. So, 

with both team and individual assessment tools, they try to estimate whether or not the high-

tech startup has the right team composition. This could lead to an in-depth review of the 

founding team. 

 

10.11 CEO replacement  

All venture builders and investment companies mentioned the replacement of a CEO during 

the innovation processes. The replacement of the CEO is a means to an end. It aims to shift 

the focus on the customer instead of the technology of the innovation. CEOs of the high-tech 

startups in the early stages are mostly technical orientated. The CEO will become mostly a 

CTO, while an experienced business person becomes the new CEO. 
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