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Innovation management concerns the management of all activities in the process from idea 
generation to its successful commercial and practical application, named innovation. 
Managing the innovation process is a challenging task and the more technology is involved in 
the process, the more complex and uncertain it gets. Although small enterprises are 
significant developers of new technologies, they have, however, seldom been the object of 
innovation studies. Therefore, the purpose of this study is to better understand the innovation 
management in small enterprises and especially in the early phases of the technological 
innovation process. This study focuses on the key management areas, the main obstacles 
and drivers, and the strategic decision-making tools in these early phases. 
 
The research design of this explorative research applies a qualitative research strategy 
where a case study method is utilized to collect and analyze the data. This embedded single-
case involves a technology based firm serving the life science industry and it is a process of 
searching the attractive commercial concept for a technology. Because the case process is 
embedded, it includes multiple units of analysis such as the whole process, individual 
participants, participant groups, and events during the process. The data collecting methods 
in the study include interviews and participant-observations. Analyzing the case data relies 
on the theoretical propositions of the framework based on the previous research. 
 
Based on this research, the key management elements in the early phases of the 
technological innovation process are scanning technological and market information, 
stakeholder management, and strategic innovation management. The obstacles and drivers 
in the early phases of the technological innovation process suggested by the case include 
factors related to technology, market, stakeholders, and management. The most important 
obstacles and drivers seemed to relate to the technology, though the others appeared 
significant as well. In addition, three strategic decision-making tools for the early phases of 
the technological innovation process emerged during the case process: a tool for analyzing 
the competing technologies, a technology SWOT tool, and a tool for application search and 
evaluation.  
 
The findings of this case study give further insight in the technological innovation 
management in small enterprises and also some concrete tools for their managers. In 
addition, the study proposes some managerial recommendations for the application search in 
small enterprises. This study was based on a single case, which means that the results 
cannot be generalized to different companies or industry fields. Therefore, the theory-building 
requires further research with various research methods and multiple researchers.  
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Innovaation johtaminen tarkoittaa kaikkia niitä toimia, joiden avulla hallitaan prosessia ideasta 
aina sen kaupalliseksi sovellukseksi eli innovaatioksi. Innovaatioprosessin johtaminen on 
haastellista ja mitä enemmän siinä on teknologiaa mukana, sitä monimutkaisempi ja 
epävarmempi prosessi on. Vaikka pienet yritykset ovat tärkeitä uusien teknologioiden 
kehittäjiä, ne ovat harvoin olleet innovaatiotutkimuksen kohteena. Siksi tämän tutkimuksen 
tavoitteena on ymmärtää paremmin pienten yritysten innovaatiojohtamista erityisesti 
teknologisen innovaatioprosessin ensimmäisten vaiheiden aikana. Tutkimus keskittyy 
teknologisen innovaatioprosessin olennaisimpiin johtamisalueisiin, prosessia estäviin ja 
edistäviin tekijöihin sekä työkaluihin strategisessa päätöksenteossa. 
 
Tutkimus oli kartoittava ja sillä oli laadullinen tutkimusstrategia. Tiedon keräämiseen ja 
analysointiin käytetty menetelmä oli tapaustutkimus. Tutkimus koostui yhdestä tapauksesta, 
jota analysoitiin usealla tasolla, sillä tutkittava tapaus oli prosessi. Analysoinnin tasoja olivat 
koko prosessi, yksittäiset prosessiin osallistujat, osallistujaryhmät sekä tapahtumat prosessin 
aikana. Tapausyrityksessä, joka oli life science –alan palveluyritys, prosessin tarkoituksena oli 
löytää houkuttelevia sovelluksia uudelle teknologialle. Tiedonkeruumenetelmiä olivat 
haastattelut sekä osallistuva havainnointi. Tiedon analysointi perustui aiemman tutkimuksen 
perusteella luotuun teoreettiseen viitekehykseen. 
 
Keskeiset johtamisalueet innovaatioprosessin alussa tutkimuksen mukaan ovat teknologisen 
tietämyksen ja markkinatiedon etsintä, sidosryhmien hallinta sekä innovaatioprosessin 
strateginen johtaminen. Tekijät, jotka tutkimuksen mukaan estivät tai edistivät 
innovaatioprosessin alkua, liittyivät teknologiaan, markkinoihin, sidosryhmiin sekä 
johtamiseen. Merkittävimmät estävät ja edistävät tekijät innovaatioprosessissa liittyivät 
teknologian ominaisuuksiin, vaikka muutkin tekijät olivat tärkeitä. Tutkimuksessa löydettiin 
myös kolme työkalua strategiseen päätöksentekoon innovatioprosessin alkuvaiheissa. Nämä 
työkalut olivat työkalu kilpailevien teknologioiden analysointiin, teknologia SWOT –työkalu 
sekä työkalu sovelluksien etsimiseen ja arviointiin. 
 
Tutkimuksen tulokset valaisevat hieman lisää teknologisten innovaatioiden johtamista pienissä 
yrityksissä sekä antavat myös joitain konkreettisia työkaluja pienten yritysten johtajille. Lisäksi 
tutkimuksessa esitettiin joitain suosituksia teknologian sovelluksien etsimiseen pienissä 
yrityksissä. Tämä tutkimus perustui yhteen tapaukseen, jonka vuoksi tulokset eivät ole 
yleistettävissä muihin yrityksiin ja toimialoihin. Yleistettävien teorioiden saamiseksi on tehtävä 
lisää tutkimusta, jossa käytetään useita tutkimusmenetelmiä sekä tutkijoita. 
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1 Introduction 

 

This master’s thesis reports a case study of technological innovation management in 

small enterprises. The study focuses on the early phases of the entire innovation 

process. This first chapter presents the background of the study, specifies the 

research problem and objectives, describes the methodology, and defines the basic 

terms. This chapter concludes with an overview of the structure of the thesis.  

 

1.1 Background of the research 

 

Innovation management is the management of all activities involved in the process 

from idea generation to its successful commercial and practical application, named 

innovation. Innovations are one essential source of competitive advantage. If a 

company fails to deliver new products or services to the market, it is very probable 

that some of its competitors will not. The economic success of a company often 

depends on its ability to create innovations that will fulfil market needs either by better 

than current solutions, or at a lower cost. However, managing the innovation process 

is a challenging task. 

 

Managing uncertainty is a central feature of the innovation management (e.g. Trott 

2005, Tidd et al. 1998). During the innovation process often arise setbacks and 

unpredictable surprises (Van de Ven et al. 2000), which can relate to technical, 

market, social, political, and other factors. Organizations have to manage these 

uncertainties, some of which are even beyond their control. The more technology is 

involved in the innovation process, even the more complex and uncertain the process 

gets. Technology can be utilized in many different kinds of innovations and finding the 

ones worth pursuing is challenging. Various models such as the innovation process, 

the new product development, and the technological innovation process models 

describe the phases from the technological idea to the technology based innovation. 

Generally, these models include phases such as research, development, product 

development, market launch, and sales growth. The early phases of the innovation 

process consist of research and development activities that take place before a more 

formal and systematic new product development process. In general, the early 

phases proceed from the generation of an idea to approval of the commercial concept 
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for the product development (Murphy and Kumar 1997). During these phases, the 

development and the application search for the technology occur. 

 

Seldom, however, earlier technological innovation studies have concerned small 

enterprises, although they are significant developers of new technologies. Even 

though small enterprises have some competitive advantages over larger companies 

such as flexibility and speed of response (Ledwith 2000), they encounter more major 

challenges in the innovation process. The small firms differ, for example, when it 

comes to access to resources. Because of limited resources they have technological 

weaknesses such as narrow technical skills, very specialized range of technologies, 

and difficulties to develop and manage them (Tidd et al. 1998). Thus, the small 

enterprises need to rely more on external linkages than the larger companies 

(Ledwith 2000, Tidd et al. 1998, Rothwell & Zegveld 1982). In addition, the technology 

based small enterprises have often inexperienced managers, and managerial skills 

often determine the success of the innovation process in these small enterprises 

(Ledwith 2000, Tidd et al. 1998, Rothwell & Zegveld 1985). 

 

According to Ledwith (2000) one of the most important activities in the innovation 

process of a small enterprise is the concept development during research and 

development phases. From a technology viewpoint, this means searching for the 

most feasible and attractive application for the technology. This study investigates the 

innovation management in a small enterprise through applying a case study method. 

The case explores the process of searching for a feasible and attractive application 

area for a new technology, which is a data processing method. Next, this chapter 

defines the research problem and objectives, and describes the methodology more 

accurately. 

 

1.2 Research problem and objectives 

 

The purpose of this study is to gain increased understanding to the management of 

the early phases in the technological innovation process within a small enterprise. In 

addition, the study aims to present some practical implications for the management of 

technological innovations.  
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The scope of the study is the early phases of the technological innovation process 

with particularly focus on the context of a small enterprise. The early phases of the 

technological innovation process consist of the research and development sub-

processes. Figure 1 illustrates the scope of the research. 

 
Figure 1 The scope of the study 
 

The research problem of this study is concerned with the innovation management in 

small technology-based enterprises and especially the early phases of the 

technological innovation process. The primary research question is: 

 

What are the key elements in managing the early phases of the technological 

innovation process and how they can be managed in small enterprises? 

 

In order to understand the research problem more accurately the study attempts to 

find answers also to the following sub-questions: 

·  What are the main obstacles and drivers in the early phases of the 

technological innovation process in small enterprises?  

·  What are the main strategic decision-making tools in the early phases of the 

technological innovation process in small enterprises? 

 

1.3 Research methods 

 

The purpose of this study is to understand the management of the early phases in the 

technological innovation process especially in the context of small enterprises. The 

understanding about the phenomenon is gained through explorative research and by 
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applying a qualitative research strategy. The specific research method to collect and 

analyze the data is the case study. This study consists of a single case representing a 

small enterprise commercializing a new technology. The selected case company has 

typical characteristics of a technology-orientated small enterprise and they are just in 

the early beginning of the whole innovation process. The case is actually a process 

containing several subunits of analyses. The main unit of analysis is the process as a 

whole and the smaller units are individual participants, participant groups, and events 

during the process. Due to the multiple units of analyses the research has the 

embedded single-case design.  

 

The data collecting methods of this study include semi-structured and open 

interviews, and participant-observations. Thus, the collected evidence is qualitative. A 

framework based on the theoretical propositions guides the analysis of the case 

evidence. The reporting structure of this study is linear-analytic to its nature 

containing an introduction, a review of relevant literature, research methods, a case 

description and findings, and finishing with conclusions of the findings. 

 

The connection between the research problem and the methodology is described in 

figure 2. The case study collects the data through interviews and participant-

observations and searches answers to three research questions. These questions 

contribute in exploring the research problem of the study. 

 

 
Figure 2 The link between the methodology and the research problem 
 

The management of the early phases in the technolog ical innovation process in a small enterprise 

What are the key elements in managing the early pha ses of the technological 
innovation process and how they can be managed in s mall enterprises? 

What are the main obstacles and drivers in 
the early phases of the technological 

innovation process in small enterprises? 

What are the main strategic decision-making 
tools in the early phases of the technological 

innovation process in small enterprises? 

The case process for exploring the research problem  

Data collection with participant-observation and interviews 
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1.4 Definitions 

 

The terms of innovation management are often used ambiguously. Therefore table 1 

presents the main terms and the applied definitions. 

 

Table 1 Definitions  

Invention: An idea which is converted into a tangible new artefact 

Innovation: Commercial and practical application of ideas and inventions 

Innovation process:  A process from idea to innovation containing idea generation, research, 
development, product development, product launch and selling a new product or service 

Commercialization:  Bringing an idea or an invention to the market. Practically, the commercialization 
process can be seen as the synonymous to innovation process. 

Technology:  Scientific and empirical knowledge that can be directly applied to the production process 
or utilized in products or services 

Technological innovation process:  A process from technological idea to commercialized product or 
service containing the technology 

Early phases of innovation process:  A process – also known as the front end of innovation – 
containing the research and development activities before reaching a more formal and systematic new 
product development (NPD) process. The process starts from the generation of an idea and ends with 
the approval of the commercial concept.  

Innovation management:  Management of all activities involved in the process of idea generation, 
research, development, product development, product launch and selling a new product or service 

Small enterprise:  Small enterprises have less than 50 employees, turnover and the balance sheet 
are not more than 10 million euros, and ownership of large companies less than 25 % 

Strategic decision-making:  All decisions related to strategy formulation and implementation 

 

1.5 Structure of the study 

 

The structure of the thesis is depicted in figure 3. The introduction chapter outlines 

both the theoretical background and the motivation for the study. This chapter also 

specifies the research problem and objectives as well as the methodology. Finally, 

the introduction chapter defines the essential terms and presents the structure of the 

study. 
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The second chapter is a literature review. It first discusses the main innovation 

process theories.  Then the chapter focuses on the key elements of the management 

of technological innovations by presenting a new model. The chapter concludes by 

revealing a framework for the management of the early phases of the technological 

innovation process in small enterprises.  

 

The third chapter, case research design, introduces the methods in more detail. The 

chapter also discusses the validity and reliability of the study. 

 

The fourth chapter describes the case and the research process. Thereafter, the 

second sub chapter draws together the results of the study. 

 

Finally, the fifth chapter summarizes the major findings and their managerial 

implications. The limitations of the study and suggestions for future research are also 

discussed.  

 

 

Figure 3 The structure of the study 
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2 Theories of innovation management 

 

The aim of this chapter is to review some innovation management theories 

concerning the early phases of the innovation process. First, the chapter begins with 

the overview of the main theories concerning the innovation process. It defines the 

concept of innovation, views the development of innovation process models, new 

product development, technological based innovation processes, and ends with the 

discussion of the innovation process management. These models and theories 

contain the most essential theoretical background to the innovation management and 

they possess the fundamental elements drawn into a new model of the technological 

innovation process. For example, innovation process models are significant general 

descriptions of the innovation process. Whereas new product development models 

are presented because they possess elements utilized in the new model. On the 

other hand, technological innovation models are important because they pay attention 

to technology. Second, this chapter will focus on the key elements in managing 

technology based innovations. It introduces a new process model for the 

management of technological innovations and further concentrates on the early 

phases of this process by presenting a new early phases model.  Finally, the chapter 

ends with a framework for the management of the early phases of the technological 

innovation process in small enterprises. 

 

2.1 Main theories of innovation process 

 

2.1.1 Innovation basics 

 

In order to understand the theories of the innovation management, it is necessary to 

introduce the basics of invention, innovation, and innovation process.  

 

It all starts with a new idea. The new idea by itself is neither an invention nor an 

innovation. It is simply a concept or a thought. The idea becomes an invention, when 

it is converted into a tangible new artefact (Trott 2005). As illustrated in figure 4, this 

transformation is called the invention process and it is the first important part in an 

innovation process. The inventions are necessary seed for innovations, but the 

inventions do not inevitably lead to the innovation. (Trott 2005). 
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An innovation is a very broad concept. Schumpeter, who first realized the importance 

of new innovations as stimuli to economic development, defines innovations as 

inventions commercialized on the market by entrepreneurs (Schumpeter 1934). Even 

nowadays, innovation is mostly regarded as the commercial and practical application 

of ideas or inventions (Trott 2005). The innovation process, illustrated in figure 4, 

consists of the invention process and the later activities exploiting the invention for 

gaining the commercial success (Trott 2005). In reality, these processes are complex, 

nonlinear, iterative, and they include the element of randomness (Schoen et al. 2005).   

 

 
Figure 4 The process from an idea to an innovation 
 

 

Innovations are classified by the type and the perceived degree of novelty (Tidd et al. 

1998). These are the dimensions in the innovation space represented in figure 5. 

Schumpeter (1934) traditionally classified the innovations as product and process 

innovations, whereas Trott (2005) finds that there are product, process, 

organizational, management, production, commercial, and service innovations. 

Innovations imply change. The degree of novelty indicates whether they are 

incremental or radical. Most innovations are incremental, which means they build on 

existing knowledge and provide small improvements (Tidd et al. 1998). Radical 

innovations again produce fundamental changes in products, services, or processes 

(Tidd et al. 1998). They are rare and characterised by substantial uncertainty 

regarding technology and market opportunities (O’Connor et al. 2002). In their most 
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extreme form, innovations can even change the basis of society – for example the 

transformations resulting from today’s computing technologies (Tidd et al. 1998). 

 

 
Figure 5   Dimensions of innovation space 
 

 

2.1.2 Development of innovation process models 

 

A body of literature exists on innovation processes describing the management and 

the phases of the process from idea to commercialized product. 

 

The innovation process models have evolved in five generations from simple linear 

models to increasingly complex interactive models (Rothwell 1992). These five 

generations are presented in table 2. Technology push and market pull models are 

the first and the second generation models with a simple and linear sequential 

process. The third generation model, the coupling model, already recognises 

interactions and feedback loops between different elements. The fourth generation 

interactive model combines the technology push and the market pull models and 

emphasizes also the external linkages. The fifth-generation innovation models 

perceive the innovation process as a multi-factor process, which requires high level of 

interaction, networking and knowledge. Although fifth generation models are more 
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complex, they still have the same basic processes as the earlier models. (Trott 2005, 

Tidd et al. 1998, Rothwell 1992). 

 

Table 2 Development of innovation models (Rothwell 1992) 

Model Generation Characteristics 

Technology push First Simple linear sequential process, emphasis on 
R&D and science 

Market pull Second 
Simple linear sequential process, emphasis on 
marketing, the market is the source of new 
ideas for R&D 

Coupling model Third 
Recognizing interaction between different 
elements and feedback loops between them, 
emphasis on integrating R&D and marketing 

Interactive model Fourth 
Combinations of push and pull models, 
integration within firm, emphasis on external 
linkages 

Network model Fifth 
Emphasis on knowledge accumulation and 
external linkages, systems integration and 
extensive networking 

 

 

The first generation innovation process models are grounded on the research of 

Joseph Schumpeter, so called godfather of innovation studies. He states that 

technological innovations introduced through new products and processes lead to 

economical development (Schumpeter 1934). His view of the innovation process is 

linear: it begins with inventions and ends with innovations with monetary profits 

(Schumpeter 1934). These ideas form the foundation for the linear technology push 

model, also known as the science push model, illustrated in figure 6 (Roberts 1998).  

 

The second generation innovation models challenged the Schumpeterian linear 

technology push model. According to the studies of Schmookler (1966), demand 

forces within markets pulled the inventions and the innovations. The views of 

Schmookler and others led to the second linear model illustrated in figure 6, the 

market pull model of innovation, which is also known as demand-led model (Roberts 

1998).  
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Figure 6 Linear models of innovation process 
 

 

A simultaneous coupling model, the third generation innovation model, was created 

during 1970s, when many studies showed that the innovation process was much 

more complex than previous linear models had described (Trott 2005, Figueroa & 

Conceicao 2000). The simultaneous coupling model suggests that the innovation 

process is the result of simultaneous coupling of knowledge within all three functions: 

R&D manufacturing and marketing (Trott 2005). 

 

The fourth generation innovation process model, the interactive approach, is 

presented in figure 7. The interactive model of innovation (also known as the chain-

link model presented by Kline and Rosenberg), is a modification of the previous linear 

models and combines both the technology push and the market pull views (Rothwell 

& Zegveld 1985). It also contains similar elements as the simultaneous coupling 

model (Kline & Rosenberg 1986). The model is a logically sequential – though not 

necessarily continuous – process that can be divided into functionally distinct but 

interacting stages (Rothwell & Zegveld 1985). Although this interactive model 

resemble the linear models, the flow of information is not necessary linear. There are 

complex links and feedback relationships within the company and also between the 

company and the surrounding science - technology system (Roberts 1998). The 

generation of ideas is based on three basic components: organization capabilities, 

needs of the market, and science and technology. The overall process is complicated 

and through efficient management companies will be able to create successful 

innovations. (Trott 2005, Rothwell & Zegveld 1985). 
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Figure 7 Interactive model of innovation (Rothwell & Zegveld 1985) 
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the innovation process. One illustration of these models is a network model 

introduced by Trott (2005) in figure 8. In this model emphasis is put on the effective 

management of different activities in the innovation process in order to manage 

complexity and uncertainty. The model identifies three main functions in an 

organization: marketing, research and technology, and business planning. These are 

also seen as the most influential in the innovation process. Major characteristics of 

the network model are the influence of external environment and the effective 

communication with external environment. Other models representing the fifth 

generation models are e.g. cycle model of Padmore et al. (1998). These fifth 

generation models underline also strategic elements such as total quality control, 

emphasis on flexibility and responsiveness, and faster and efficient development 

(Rothwell 1994). Although the fifth-generation models seem very complex, they still 

involve the same basic elements as the previous model generations. (Trott 2005). 
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Figure 8 Network model of innovation management process (Trott 2005) 
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et al. (2000), unpredictable setbacks and surprises are inevitable in innovation 
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and the capabilities in the organization to manage them (Trott 2005, Van de Ven et al. 

2000, Tidd et al. 1998).  

 

To summarize, the innovation process models have evolved from the simple linear 

models to the more complex network models. These innovation models are general 

and they contain important sub processes. For example, in the early phases of the 

innovation process the idea, invention, and commercial concept is developed. 

Thereafter follows new product development, which will be discussed next. 

 

2.1.3 New product development process  

 

A new product development process (hereafter NPD) can be regarded as a sub 

process of the innovation process. The early phases of the innovation process, also 

called the front end of the innovation, precede the NPD process (Herstatt et al. 2004, 

Nobelius & Trygg 2000). NPD is a process of transforming business opportunities – 

commercial concepts – into tangible products. However, sometimes the innovation 

process and the NPD process are used as synonyms (e.g. Noke 2004, Darsoe 2001, 

Cooper 1987). It is true that innovation and NPD processes contain some similar 

phases, but the innovation process is generally seen as a much wider process 

containing fuzzy early phases neglected in the systematic NPD models. When 

regarding new technological inventions, NPD is the systematic sub process of the 

innovation process where technology is integrated into products or production 

processes, and it concerns the management disciplines involved in the development 

of new products (Trott 2005). Therefore, the NPD is an important concept to be 

reviewed here. 

 

Many of the NPD theories regard the process as an eight-stage linear model. The 

early stages of the NPD process are generally defined as an idea generation, an idea 

screening, a concept development and a concept testing. These stages partially 

overlap with the early phases of the innovation process. Contrary to the innovation 

process phases, these NPD stages are more systematic and concrete. The following 

stages in the NPD process involve development of the product and the decisions how 

best to manufacture the product. The final stage of the process is the product launch. 

(Trott 2005, Baker & Hart 1999). 
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The new product development process has been represented in numerous forms. 

Saren (1984) classifies the models into seven distinct categories listed in table 3. One 

of the most widely used models has been the decision-stage models (Baker & Hart 

1999). They describe the NPD as a series of decisions emphasizing the iteration and 

feedback between activities (Baker & Hart 1999). Another important category 

influencing in this study is the network models.  

 

Table 3 Seven categories of NPD process models by Saren (1984)  

Model Characteristics 

Departmental-stage 
models 

·  based around linear model of innovation, where each 
department is responsible for certain tasks 

·  hinders the development of new products 

Activity-stage models 
and concurrent 
engineering 

·  similar to departmental-stage 
·  linear activities, but iterative loops and feedback 

Cross-functional models 
(teams) 

·  dedicated project team representing people from variety of 
functions 

Decision-stage models ·  present NPD as a series of decisions 
·  models facilitate iteration through use of feedback loops 

Conversion-process 
models 

·  view NPD as inputs (customer requirements, technical 
ideas etc.) into a black box where they are converted 
outputs 

Response models ·  focus on the individual’s or organization’s response to a 
new project proposal or idea 

Network models 
·  most recent thinking: emphasise external linkages coupled 

with the internal activities  
·  NPD is knowledge accumulation process 

 

 

One example of the NPD decision-stage model is the stage-gate model of Cooper 

and Kleinschmidt (1993). The stage-gate model represented in figure 9 is a process 

management tool for the product innovation (Cooper 1998). The stage-gate process 

breaks the NPD process into discrete stages. Each activity stage of the stage-gate 
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process is cross-functional and designed to gather information for the go-kill decisions 

before the next gate. Each gate is the go/kill decision point, and therefore, gates 

serve as quality control points. Each stage also contains recommended actions and 

best practices. (Cooper 1998).  

 

 
Figure 9 An overview of a typical five-stage/ five-gate stage-gate process (Cooper and 
Kleinschmidt 1993) 
 

 

The network models are the most recent thinking concerning the NPD process. One 

example of the network model is illustrated in figure 10 (Trott 2005). Linear NPD 

models help to understand the phases in the process, but NPD process needs to be 

viewed as a simultaneous and concurrent process with cross-functional interaction 

(Trott 2005). The NPD network models emphasize the external linkages coupled with 

the internal activities, and they also underline the most important areas of the 

management of the NPD (Trott 2005).   

 

 
Figure 10 A network model of NPD (Trott 2005) 

Marketing 
and sales 

Finance 

Engineering and 
manufacturing 

Research and 
development 

knowledge over time 

Accumulation of  

External inputs:  
- societal needs 
- competitors 
- supplier 

partnerships 
- distributors 
- customers 
- strategic alliances 

External inputs:  
- competitors 
- suppliers  
- distributors 
- customers 

External inputs:  
- scientific and 

technological 
developments 

- suppliers 
- customers 
- university 

departments 

External inputs:  
- competitors 
- suppliers  
- distributors 
- customers 
- university 

departments 

Ideation  

Stage  
1  

Stage  
2  

Stage  
3  

Stage  
5  

Stage  
4  

Product  
inno-
vation  

Gate  
1  

Gate  
2  

Gate  
3  

Gate  
4  

Gate  
5  

Initial 
Screen  

Second 
Screen  

Decision 
on 

Business 
Case  

Post-
Development 

Review  

Pre-
Commercialization 

Business  
Analysis  

Post 
Implementation 

Review  

Preliminary 
Investigation  

Detailed 
Investigation  

Development  Testing & 
Validation  

Full Production 
& Market 
Launch  



-24- 

 

There are also criticisms towards the NPD models. Jolly (1997) argues that they 

seldom distinguish between products based on new technology, products based on 

new marketing concept, or products new to the firm. However, products based on 

new technology are significantly different from other products. The argument is that 

their development is a much wider process than what the NPD recognizes.  

 

The NPD process is the process of transforming business opportunities into tangible 

products. It can be regarded as a sub process of the innovation process starting after 

the early phases of the entire process. Even though they are sometimes considered 

being the same process, the difference can be seen in that the innovation process 

has unsystematic and fuzzy early stages during the idea and concept development, 

whereas NPD is more systematic in nature. The NPD models seldom pay enough 

attention to technology and therefore, this chapter continues with discussing the 

technological innovation process. 

 

2.1.4 Technological innovation process 

 

When it comes to innovations where technology plays a significant role, it appears 

that neither the general innovation process nor the NPD processes are paying 

enough attention to the technology. Because technology can have various 

applications, searching for the most worthwhile ones increases further complexity to 

the innovation process (Jolly 1997). Therefore, a third group of processes are the 

technological innovation processes that in more detail focus on that aspect. These 

processes describe the phases needed from technological invention to 

commercialized product containing the technology.  

 

Technology has been defined in numerous ways in the literature. Science and 

technology have a role in the innovation process as a source of inventions (Trott 

2005). Trott (2005) defines science as systematic and formulated knowledge. 

Technology is significantly different from science and it is often seen as the 

application of science (Trott 2005). The word technology originates from the Greek 

words “techne”, which stands for skill or art, and “logos”, which means knowledge or 

science. The general definitions of technology suggest that technology is the scientific 
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and empirical knowledge that can be directly applied to the production process or 

utilized in products or services (e.g. Trott 2005, OECD 2002, OECD 1997). 

 

Technology and a new product are essentially different. According to Jolly (1997), 

technology is a capability that can be used in more than one product. Products are 

separate manifestations of the technology, and the products also mediate the process 

of bringing the new technology to market. The technology and possible products, 

however, often live separate lives. 

 

The management of the technology based innovation includes simultaneous 

technology and innovation process management. Technological innovations can 

either be based on new technology or be facilitated by new technology (Burgelman et 

al. 2004). Therefore they can be any type of innovation: product, service, process, 

production, organizational, management, or commercial. However, technological 

innovations are mostly considered as product, service, or process innovations. 

According to OECD Oslo Manual (1997) “Technological product and process (TPP) 

innovations comprise implemented technologically new products and processes and 

significant technological improvements in products and processes. A TPP innovation 

has been implemented if it has been introduced on the market (product innovation) or 

used within a production process (process innovation).” In summary, the 

technological innovation process models include all components of innovation and 

technology management in order to incorporate the technology into product, process, 

or other innovation type.  

 

Similarly to the other innovation processes, the technological innovation process 

starts with the inventions or the discoveries (Burgelman et al. 2004). Figure 11 

illustrates a stepwise view of the new technology/ new product development (Souder 

& Sherman 1994). It is merely another illustration of the NPD process, but it can also 

be regarded as a general template for the technological innovation process. In fact, 

this illustrated process contains much more detailed processes behind each stage 

with numerous steps, complex interactions between steps and many important choice 

decisions. This figure 11 underlines the similarity of the phases in the general 

innovation process models, the technological innovation models, and the NPD 

models. (Souder & Sherman 1994).  
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Figure 11 A stepwise view of new technology/ new product development cycle (Souder & 
Sherman 1994) 
 

 

Burgelman, Christensen and Wheelwright (2004) distinguish activities and outcomes 

in their technological innovation process presented in figure 12. Inventions and 

technologies are the outcomes of the tinkering and experimenting, as well as the 

research and development activities. Correspondingly, the technological innovation is 

the outcome of the product, process and market development activities. It also 

contains the concept of technological entrepreneurship, which refers to the activities 

that create new resource combinations making innovation possible. The technological 

entrepreneurship creates profit by bringing together the technical and commercial 

worlds. Effective and efficient administration is also a key element. The process can 

originate from any activity and it will almost always be iterative and concurrent. 

(Burgelman et al. 2004). 
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Figure 12 Technological innovation process by Burgelman, Christensen and Wheelwright 
(2004) 
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innovation process. The framework also includes the concurrent and iterative view of 

technology and market exploration. (Jolly 1997).  
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Figure 13 The process of technology commercialization (Jolly 1997) 
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The dilemma in innovation management arises from the tension between the need for 

creativity and efficiency (Trott 2005, Burgelman et al. 2004). Organizations need 

stability in order to be efficient in routine operations. At the same time, development 

of innovations requires creativity and freedom to generate new ideas. According to 

Burgelman et al. (2004) there is two ways to resolve this dilemma. One is to manage 

different parts of the company differently - some units for innovations and other for 

efficiency. The other, and the better way, is to manage differently at different times in 

the evolutionary cycles of the firm (Burgelman et al. 2004). Therefore successful 

companies alternate periods of stability and change (Burgelman et al. 2004). 

 

Managing uncertainty is a central feature of managing the innovation process (e.g. 

Trott 2005, Tidd et al. 1998). During the process arise often setbacks and 

unpredictable surprises (Van de Ven et al. 2000).  Organizations have to respond 

these events, some of which are even beyond their control. Pearson’s uncertainty 

map in figure 14 provides a framework for analyzing and understanding uncertainty in 

the innovation process (Pearson 1991). This framework divides uncertainty in two 

separate dimensions: uncertainty about the eventual target of the activity and 

uncertainty about the means to achieve the target. The four quadrants illustrate the 

different strategies in managing the uncertainty. The first quadrant, the exploratory 

research, represents activities with high degree of uncertainty both about means and 

ends. The activities often involve working with technology that is not fully understood 

and where potential products and markets are not identified. In the second quadrant, 

the development engineering, a commercial opportunity has been identified, but 

means to achieve this opportunity are not clear. This area is often related to new 

technologies containing high risk of failures. In quadrant three, applications 

engineering, there is uncertainty regarding needs but the technology is relatively well 

known. The activities here include exploring the most effective applications for 

relatively well-known technology, and the prioritization of the applications is a 

keyword for success. The fourth quadrant, technical-market combination, covers the 

type of innovation activity where goals can be fairly specified and the means to 

achieve them are relatively clear. Therefore, activities normally include new product 

development activities and the speed is significant for the success due to the high 

level of competition. (Pearson 1991). 
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Figure 14 Pearson’s uncertainty map (Pearson 1991) 
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factors in a systematic way and is a useful management tool in strategy reformulation 

during the innovation process (Tidd et al. 1998). However, because of the uncertainty 

and unpredictable nature of the innovation process, no single tool can guarantee 

success (Tidd et al. 1998).  

 

The innovation process can be regarded in many companies as a core business 

process with generic activities associated with survival and growth (Tidd et al. 1998). 

Essential management activities in the innovation process are  

·  scanning the external and internal environment,  

·  strategy and decision-making, 

·  resource management, 

·  and implementation of technical and relevant market development (Tidd et al. 

1998). 

 

In addition, learning from these activities builds organizations knowledge base and 

improve the innovation process management (Tidd et al. 1998). Innovations vary and 

thus different contexts and circumstances lead to many different solutions. Despite 

these variations the underlying pattern of the phases in the innovation management 

illustrated in figure 15 remains constant (Tidd et al. 1998). Theses phases are cyclical 

and repeated during the innovation process. (Tidd et al. 1998). 

 

 
Figure 15 Routines underlying the process of innovation management (Tidd et al. 1998) 
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Many organizational characteristics facilitate the innovation process. Innovative 

companies are those whose objective is to grow the business in long term (Trott 

2005). Continual external scanning and open communication systems will help to 

facilitate the innovation process (Tidd et al. 1998). Also the organization’s capability to 

be aware of, identify, and take advantage of externally developed technology is a key 

to successful innovation; because most technology based innovations involve a 

combination of several different technologies (Trott 2005). In addition, good 

monitoring of the competitors and changes in customer needs is also important 

(Becheikh et al. 2005). Cross-functional cooperation and ability to confront and solve 

conflicts between the functions in a constructive way are needed in order to create 

successful innovations (Trott 2005, Burgelman et al. 2004) as well as encouraging 

employees’ empowerment (Becheikh et al. 2005). The organizations also require 

diverse range of skills and knowledge, and some overlapping in the knowledge base 

of individuals (Trott 2005, Cohen 1990). Also executives and employees need 

planned training programs (Becheikh et al. 2005). In addition, intensive top 

management involvement facilitates the innovation process (Van de Ven et al. 2000). 

Finally, organizations need the ability to adapt to changing environmental conditions; 

otherwise innovations will be absent due to reluctance to change existing ways of 

working or to learn new techniques (Trott 2005, Burgelman et al. 2004). Thus, 

innovation management is change management. Adaptability to contingencies may 

ultimately become a competitive strength of the organization (Van de Ven et al. 

2000).  

 

2.2 Management of technological innovation process  

 

2.2.1 Technology in innovation process 

 

As been stated earlier, the characteristics of technology influence the innovation 

process. Technology is a capability that can be used in more than one product (Jolly 

1997). Technologies are also incorporated in other innovation types such as process, 

organizational, management, production, commercial, and service innovations 

(Christensen 1997). 
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Jolly (1997) reports various differences between a technology and a product 

commercialization. The commercialization of a technology is a much broader process 

than the one of a product, which includes only developing, manufacturing and 

marketing the product to the customers. The technological innovation process 

contains additional stages. According to Jolly (1997) the commercialization of the 

technology “begins before product are even conceived and stretches out to after they 

have been developed and launched.” The product and the technology innovation 

processes also differ in terms of process stakeholders. With products, the purpose is 

to offer value to customers, who also decide what the value is. In the technological 

innovation process there is great number of stakeholders to be satisfied, whose 

composition varies during the process. In the beginning of the process the 

stakeholders are professional peers, other researchers etc. Over time other 

stakeholders become more important such as outside development partners, 

resource providers, and finally the customers. (Jolly 1997). 

 

Technology also affects the way of thinking about demand and competition. The 

demand for a product arises directly from customers to whom the product is targeted, 

whereas the demand for a technology is a derived demand; it comes from the end 

products made possible (Jolly 1997). According to Christensen (1997) technologies 

can progress faster than market demand meaning that there are not always ready 

market needs for all technologies. Actually, the right markets, and the right strategy 

for exploiting them, cannot be known in advance (Christensen 1997). Also needs for 

technology has to be generated. Matching market to technology is really challenging. 

In addition, whereas the competition between products is straightforward, the 

competition between different technologies can occur at many levels (Jolly 1997). 

First, there is competition between alternative technologies and inventors, then there 

is competition for getting resources for further development, and finally, competition 

arises from other products and gaining acceptance in the market. 

 

Technology and its characteristics cause challenges for the management of the 

technological innovation process. One major challenge is the complexity of managing 

the resources (Christensen 1997). Organizations should focus on their core 

technologies in order to better allocate their resources (Burgelman et al. 2004). In 

addition, it is impossible to gather all information needed for the decision-making 

concerning technology commercialization, because it simply does not exist 

(Christensen 1997). However, understanding as much as possible of the 



-34- 

technological and competitive environment is crucial for management of technology 

based innovations (Burgelman et al. 2004, Tidd et al. 1998). 

 

Technology adds new features to the innovation management. Finding the most 

effective applications for a technology and managing it during the innovation process 

is challenging. Next, this chapter introduces a new model for the management of 

technology based innovations, which attempts to catch the technological and 

management challenges of the technological innovation process. 

 

2.2.2 A new process model for management of technol ogy based 

innovations 

 

A new model in the figure 16 clarifies the main challenges related to the technological 

innovation process. The model is a new illustration of the technological innovation 

process and it serves as the basis for this study. It is completely based on prior 

research although the way to illustrate the process is new. The model is grounded on 

innovation and NPD research and it is a synthesis of the various process models and 

the key elements in innovation management (e.g. Trott 2005, Burgelman et al. 2004, 

Cooper 1998, Tidd et al. 1998, Jolly 1997, Souder & Sherman 1994, Cooper & 

Kleinschmidt 1993, Rothwell & Zegveld 1985). The technology commercialization 

model in figure 13 (Jolly 1997) influenced the most the content of this new model and 

the structure of the model is mainly based on the technological innovation process in 

figure 12 (Burgelman et al. 2004). At first glance the model appears linear, but it is 

complex, iterative and cyclical. First, this chapter summarizes and explains the entire 

technological innovation process. Next part of this chapter (2.2.3) illustrates the early 

phases of this new model more precisely and finally the chapter 2.3 presents, 

according to the scope of this study, these early phases in the context of small 

enterprises. 

 

Management of technological innovations includes some important elements such as 

various activities, interaction with the external environment, innovation strategy, 

decision-making, resource management, and stakeholder management: First, the 

innovation process consists of multiple activities that need to be managed differently. 

In the early phases of the innovation process, technology can exist and be developed 

without a clear idea of the commercial concept and applications. These early phases 
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are unsystematic and consist mainly of research and development activities. The goal 

is a commercial concept with validated technological capability. Later phases of the 

innovation process are more systematic and concern product development and 

market activities. Second, the external environment is significant, because the 

innovation process does not occur in a vacuum. Technological and the market 

information need to be constantly fed into the process. Third, based on external and 

internal inputs the innovation strategy evolves during the process. Fourth, the 

decision-making linked to the strategy is important part in managing the technological 

innovations. Fifth, the resource management according to strategy is also significant 

for success. Finally, it is important to satisfy and interact with stakeholders, whose 

composition changes over time. (Trott 2005, Burgelman et al. 2004, Tidd et al. 1998, 

Jolly 1997, Souder & Sherman 1994, Rothwell & Zegveld 1985). 

 

The new technological innovation process model has five phases containing activities 

such as research, development, product development, market launch, and growth 

and sustainability. Each activity reaches for a defined and acceptable result. When 

the result is acceptable, it is possible to move to the next activity. The model 

illustrates this “go”-decision with straight arrows from one activity through the goal to 

the other activity. It is absolutely necessary to fulfil the requirements and satisfy the 

stakeholders in order to proceed. If not, the activity needs more effort (“hold”-

decision), or can alternatively be put down (“kill”-decision). Killing the projects is 

sometimes necessary to release the resources for other purposes. One possible 

decision is “back”-decision, which means reversing to the previous activity. The model 

illustrates this decision with a backward arrow. The decisions should be made based 

on the current techno-market insight, which is formed from external and internal 

technology and market knowledge. This techno-market insight is an important 

capability in managing the technological innovation process. (Burgelman et al. 2004, 

Cooper 1998, Tidd et al. 1998, Jolly 1997, Cooper & Kleinschmidt 1993, Rothwell & 

Zegveld 1985). 
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Figure 16 A new model for management of technology based innovations 
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The first phase in the technological innovation process is research. This activity 

includes systematic basic research of the technological idea in laboratory settings. 

Competition between different ideas occurs during this phase. The outcome of this 

research activity is technology with scientific and demonstrated proof of principle. The 

demonstration can be published as patents, or scientific publication, or both. The 

result of this first activity in the process is the technological invention. It should be 

highlighted in this research phase that there also should be efforts to find market 

needs, to which the technology in question could be linked. (Trott 2005, Burgelman et 

al. 2004, Tidd et al. 1998, Jolly 1997, Souder & Sherman 1994, Rothwell & Zegveld 

1985). 

 

The second activity contains applied research and development. The technological 

invention needs to be developed further both technologically and in terms of 

supposed market needs. This phase contains competition among technologies. The 

aim is to define commercializability and the outcomes are defined technical feasibility 

and a commercial concept. (Trott 2005, Burgelman et al. 2004, Tidd et al. 1998, Jolly 

1997, Souder & Sherman 1994, Rothwell & Zegveld 1985). 

 

The research and development activities deal with technological development and 

finding the commercially significant applications, whereas the third activity is 

associated with the product development. Technology should be integrated and 

demonstrated in marketable products. The product development requires more 

resources and has various sub activities concerned with combining the technology 

and market. This third activity has same features as the NPD processes discussed 

earlier. The outcome of this phase is the commercial product ready for launch. (Trott 

2005, Burgelman et al. 2004, Cooper 1998, Tidd et al. 1998, Jolly 1997, Souder & 

Sherman 1994, Cooper & Kleinschmidt 1993, Rothwell & Zegveld 1985). 

 

The commercial product is launched and promoted in the next phase called the 

market launch. The activities are typically production, service, distribution, sales, and 

marketing. The promotion of products containing new technology has two challenges: 

persuading people to adopt and building needed infrastructure to deliver the 

technology’s full benefit. The outcome of this phase is the validated commercial 

opportunity, which means there is evidence for profitability. (Trott 2005, Burgelman et 
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al. 2004, Cooper 1998, Tidd et al. 1998, Jolly 1997, Souder & Sherman 1994, Cooper 

& Kleinschmidt 1993, Rothwell & Zegveld 1985). 

 

The final phase of the technological innovation process is the growth and 

sustainability. It involves the execution of a comprehensive business plan to increase 

market share and/or total revenue and profit. If this succeeds, the original idea has 

transformed into a technological innovation. If there is evidence that the technology 

has possibilities in other applications and products as well, it is considerably easier to 

gain necessary resources for their development. (Burgelman et al. 2004, Tidd et al. 

1998, Jolly 1997, Souder & Sherman 1994). 

 

The new process model for technological innovation is general. It is combining the 

main elements of the innovation theories concerning technology and has similarities 

to other models as well. It has to be noticed that just like other models, this one is 

also simplified picture of the reality and it has limitations in emphasizing the role of 

context. However, all contextual factors with influence such as skills, relationships of 

the people involved, availability of the required resources, and other numerous factors 

determinate the success. Additionally, the model neglects to a certain point the 

importance of the resource management. However, the general management 

activities in the innovation process such as scanning, strategy formulation, resource 

management, and strategy implementation are concerned with resource 

management. The technological innovation process is highly contingent on the 

situation. Each case has its unique context and challenges and the model can only 

provide a framework for the innovation management. However, it is useful illustration 

in understanding the innovation process. 

 

The new innovation process model underlines the main areas in the management of 

the technological innovation process: activities, external and internal inputs, strategy, 

decision-making, defined goals, and stakeholders. Next part of this chapter (2.2.3) 

describes the early phases of this new model more precisely, and then part 2.3 

presents this early phases model in the context of small enterprises.  
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2.2.3 Management of early phases in technological i nnovation process 

 

The early phases of the innovation process – also known as the front end of 

innovation –consist of those activities that take place before a more formal and 

systematic NPD process begins. In general, the early phases start from the 

generation of an idea and continue to the approval of the commercial concept for the 

development (Murphy and Kumar 1997). Thus, the early phases cover the research 

and development activities in the model of managing technological innovations 

illustrated in figure 16. Cooper and Kleinschmidt (1990) identify two factors playing a 

major role for the product success: the quality of executing the early phase’s 

activities, and a well defined concept prior to the product development phase.  

 

The research and development activities in the early phases of the technological 

innovation process focus on developing the technology further and searching for 

attractive applications. During the technology research and development there is 

need to follow and understand competing technologies, scientific and technological 

developments, and all other relevant technological information (Jolly 1997). Market 

information is searched for in order to find the feasible applications for the technology, 

to find and understand customer needs and preferences, and to understand 

competitors (Jolly 1997). The internal technology and market knowledge combined 

with the external technology and market information form the important techno-market 

insight. Especially in the early phases, this capability is a valuable input for the 

technological innovation process (Jolly 1997). Typically, the risk and the uncertainty in 

the innovation process result from inaccurate estimates of the future market demand 

and failure in developing technology (Hertsatt et al. 2004). Understandably, the 

techno-market insight constantly improves due to knowledge accumulation. (Jolly 

1997). 

 

Managing uncertainty is a central feature of managing the innovation process but it is 

especially significant in the unsystematic early phases (Trott 2005). Pearson’s 

uncertainty map introduced earlier in chapter 2.1.5 provides a framework for 

analyzing and understanding uncertainty in the innovation process (Pearson 1991). A 

new technology increases the uncertainty in the early phases of the technological 

innovation process. But the more uncertainty can be reduced during the early phases, 

the better commercial concept can be created, and the higher the success rate will be 

in later phases (Hertsatt et al. 2004). The early phases of innovation process present 
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one of the best opportunities to improve the overall innovation process (Nobelius & 

Trygg 2001).  

 

The research and development activities are the first part of the overall technological 

innovation model in figure 16. As illustrated in figure 17, management of these 

phases aims at finding a good commercial concept with demonstrated technical 

capabilities. Appendix A illustrates how these early phases are situated within the 

whole technological innovation model. This early phases model is strongly influenced 

by previous research (e.g. Trott 2005, Burgelman et al. 2004, Hertsatt et al. 2004, 

Tidd et al. 1998, Jolly 1997), but the way to illustrate the early phases is new. The 

purpose of this model is to create foundation for the framework of this study.  

 

The early phases of the technological innovation process are fuzzy, unlinear, and 

unsystematic. The new early phases model (figure 17) underlines elements such as 

technology development, market search for applications, strategic management and 

decision-making, stakeholder management, and acceptable scientific proof of 

principle before commercial concept. The commercial concept is the beginning for the 

next phase in the innovation process, the more systematic product development. 

(Trott 2005, Burgelman et al. 2004, Hertsatt et al. 2004, Tidd et al. 1998, Jolly 1997). 
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Figure 17 Key elements in managing the early phases of technology based innovation 
process 
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2.3 A framework for managing the early phases of te chnological 

innovation process in small enterprise 

 

The innovation management in small enterprises has same objectives as in larger 

companies: to develop successful innovations fulfilling customer needs. However, 

frequency of innovation is much lower in small enterprises (Tidd et al. 1998). There 

are also restrictions such as limited capacity to absorb outside knowledge, lack of 

time, lack of human resources, and lack of funding (Ledwith 2000). 

 

The technological innovation process models, as well as the other innovation process 

models, are mainly focusing on larger companies. Compared to the large companies, 

the small and medium sized enterprises (SME) need a different approach, because, 

first of all, they possess limited resources and have limited technological competence 

(Tidd et al.1998). The strength of the SME is, on the other hand, the small 

organization size facilitating communication and speeding the decision-making (Tidd 

et al.1998, Rothwell & Dodgson 1994).  

 

2.3.1 The context of small enterprises 

 

The thresholds related to SMEs are described in table 4. According to European 

Union Commission (2003), micro, small, and medium sized enterprises (SME) are 

companies with less than 250 employees and turnover less than 50 million euros, or 

the balance sheet at the most 43 million euros. Small enterprises have less than 50 

employees and micro enterprises less than 10. Correspondingly turnover and balance 

sheet are not more than 10 million euros in small enterprises and 2 million in micro 

companies. Ownership by large enterprises must be less than 25 %. Micro 

enterprises can be distinguished if needed; otherwise the category of small 

enterprises covers them as well. Technological innovation processes are probably 

quite identical in micro and small companies. This study applies the term small 

enterprise covering both small and micro companies.  

 



-43- 

Table 4 The thresholds for SMEs, valid from 1 January 2005 (EU 2003) 

Enterprise category Headcount Turnover or Total balance 
sheet 

Medium-sized < 250 < �  50 million < �  43 million 

Small < 50 < �  10 million < �  10 million 

Micro < 10 < �  2 million < �  2 million 

 
 
Compared to large companies, small innovating firms have the following 

characteristics. First, the small enterprises have similar objectives as the larger 

companies. Both are aiming to develop products or services that satisfy the customer 

needs and are superior to competitors’ products or services (Tidd et al. 1998). Thus, 

both the large and small enterprises need a technical and a marketing proficiency 

(Ledwith 2000). Second, the small enterprises have some organizational strengths 

(Tidd et al. 1998). Strategy can be more informal due to the ease of the 

communication and the speed of the decision-making. For example the small 

enterprises have centralized decision-making, which would be very unsuitable and 

inefficient in large companies (Becheikh et al. 2005). Interestingly, Peters et al. (1999) 

argue that in contrary to large companies, control and formal procedures in small 

enterprises actually foster effective communication and keep people focused on 

company’s interest, and therefore facilitate the innovation process. Third, the small 

enterprises have technological weaknesses because of limited resources (Tidd et al. 

1998). According to Tidd et al. (1998), the small enterprises usually have a very 

specialized range of technologies and have difficulties to develop and manage 

complex systems. Finally, time to market is not so important for small enterprises for 

two reasons (Ledwith 2000): They tend to operate in niche markets where time to 

market is not a critical factor and due to their flexibility they have fewer problems in 

speeding up the process (Ledwith 2000).  

 

However, innovation advantage is unequivocally associated with neither large nor 

small firms. Small firm advantages are entrepreneurial dynamism, internal flexibility, 

and responsiveness to changing circumstances while those of large firms are mainly 

associated with their relatively greater financial and technological resources (Rothwell 

& Dodgson 1994). In small enterprises, the lack of these financial and technological 

resources is one of the most significant barriers for innovation (Tidd et al. 1998). 

Table 5 lists the advantages and disadvantages generally ascribed to small and large 

firms in innovation.  
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Table 5 Advantages (+) and disadvantages (-) of small and large firms in innovation (Rothwell 
& Dodgson 1994, Rothwell & Zegveld 1982) 

 Small Firms Large Firms 

Management 

++++ Rapid decision-making, lack of 
bureaucracy, risk-taking, 
entrepreneurial management 

- Entrepreneurial managers often lack 
of management skills 

++++ Professional managers able to 
control complex organizations 

- Can suffer an excess of 
bureaucracy, managers can be mere 
“administrators”  who lack dynamism 
with respect to new long-term 
opportunities 

Communication 

++++ Rapid, effective, and informal 
internal communication  

- Often lack of time and resources to 
identify and use important external 
sources of scientific and 
technological expertise 

++++ Able to establish comprehensive 
external science and technology 
networks 

- Internal communication can be 
cumbersome, long decision chains 
result in slow reaction times 

Organization ++++ Generally simple, focused and 
organic form 

++++ Potential synergies across divisions 

- Generally complex and mechanistic 
form 

Marketing 

++++ Fast reaction to changing market 
requirements, can dominate narrow 
market niches 

- Market start-up abroad can be 
prohibitively costly 

++++ Comprehensive distribution and 
servicing facilities, high market 
power with existing products 

- Can ignore emerging market niches 
with growth potential 

Finance 

++++ Innovation can be less costly  

- Innovation represents a large 
financial risk, inability to spread risk, 
accessing external capital can be 
problem, relatively high cost of 
capital 

++++ Able to borrow on capital market, 
can spread risk over a portfolio of 
products, can access external capital 
on favourable terms 

- Shareholder pressures can force a 
focus on short-term profits 

Technical 
Capabilities 

++++ Technical personnel well plugged in 
to other departments 

- Often lack of high-level technical 
skills, full-time R&D can be too 
costly, can suffer diseconomies of 
scope in R&D 

++++ Economies of scale and scope in 
R&D, able to attract highly skilled 
specialists, can establish large R&D 
departments 

- R&D can become isolated from other 
corporate functions 

Learning Ability 
++++ Capable of fast learning, and 

adapting new routines and 
strategies 

- Slow to learn, often locked in to well-
established practices and routines 

Regulations 

++++ Regulations sometimes applied less 
stringently to SMEs 

- Often cannot cope with complex 
regulations, often unable to cope 
with patenting system, high 
opportunity costs in defending 
patents 

++++ Able to cope with government 
regulations, able to defend patents 

- Regulations often applied more 
stringently to large companies 

Growth 

++++ Potential for growth through 
differentiation strategy – 
techno/market leadership 

- Problems in accessing external 
capital for growth, entrepreneurs 
often unable to manage growth 

++++ Able to obtain scale and learning 
curve economies, can gain price 
leadership, able to finance growth 
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The context of small enterprises affects the innovation process management. The 

small firms differ from larger companies in terms of access to resources. Therefore, 

they need to have and develop more external linkages (Ledwith 2000, Tidd et al. 

1998, Rothwell & Zegveld 1982), which emphasize the importance of stakeholder 

management. The small enterprises often lack the formal management systems 

applied by larger companies (Tidd et al. 1998, Rothwell & Dodgson 1994, Rothwell & 

Zegveld 1985). However, the control systems in small enterprises help employees to 

focus on the most important tasks (Peters et al. 1999). In small companies, managers 

and their level of technical and organizational skills determine whether or not they will 

be able to develop and commercially exploit the firm-specific technological advantage 

(Ledwith 2000, Tidd et al. 1998, Rothwell & Zegveld 1985). Table 6 shows what Tidd 

et al. (1998) argue about how tasks of innovation strategy are accomplished in small 

enterprise (Tidd et al. 1998). According to Ledwith (2000), small enterprises should 

avoid high levels of diversification, because they are usually more successful when 

staying near their existing markets. Understandably, the top management team in the 

small enterprise takes strongly part in the innovation process and therefore linking the 

innovation process to the overall firm strategy (Ledwith 2000).  

 

Table 6 Tasks of innovation strategy in small firm (adapted from Tidd et al. 1998) 

Strategic tasks How they are accomplished  

Integrating technology with production and 
marketing 

·  Responsibilities of senior managers 

Monitoring and assimilating new technical 
knowledge 

·  Trade and technical journals 
·  Training and advisory services 
·  Consultants 
·  Suppliers and customers 

Judging the learning benefits in technology 
·  Judgements based on qualifications and 

experience of senior management 

Matching strategic style with technological 
opportunities 

·  Qualifications of managers and staff 

 

 

Because small enterprises lack sufficient resources, they need outside stakeholders 

and other parties offering support and participating in their innovation process (Tidd et 

al. 1998, Jolly 1997). The stakeholders consist of technology and scientific 

stakeholders, development partners, capital providers, business partners, customers, 
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and suppliers as presented in the technological innovation process model in figure 16. 

Small firms need to interact actively with the external environment and, therefore, 

they must develop skills in managing these relationships (Ledwith 2000). Consultants 

can be used to provide support services and assist management for example by 

gathering the necessary market and technology information (Tidd et al. 1998). Public 

support services including financial support and services for patenting and business 

development are also one significant promoting factor for the innovations in small 

enterprises (Tidd et al. 1998, Rothwell & Dodgson 1994). The mentioned participants 

are presented in picture 18.  

 

 
Figure 18 Participants of innovation process in small enterprise 
 

 

2.3.2 The framework of this study 

 

A framework for studying the management of the early phases of the innovation 

process in small enterprises is presented in figure 19. This framework is author’s 

view, although it is based on existing literature (Trott 2005, Burgelman et al. 2004, 

Hertsatt et al. 2004, Ledwith 2000, Cooper 1998, Tidd et al. 1998, Jolly 1997, 

Rothwell & Dodgson 1994, Souder & Sherman 1994, Cooper & Kleinschmidt 1993, 

Cooper and Kleinschmidt 1990, Rothwell & Zegveld 1985 and Rothwell & Zegveld 

1982). The early phases of the innovation process include the research and 

development activities. These were presented in the model for managing the 

technology based innovations (figure 16) and also more accurately in the early 

phases model (figure 17). Appendices A and B illustrate also the relationship between 

the technological innovation process model, the early phases model and the 

framework for the early phases in the context of small enterprise.  
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The framework describes the main elements in managing the early phases of the 

innovation process in small enterprises. The objective for the early phases is the 

commercial concept with the validated technological capability and according to 

Ledwith (2000); this is one of the most important activities in the innovation process in 

the small enterprise. The main obstacles of the innovation process in small 

enterprises are lack of financial and technical resources as well as lack of managerial 

skills. The framework emphasizes the key management areas and the required 

management routines in small enterprises in order to overcome innovation barriers 

and to achieve the attractive commercial concept: Demonstration of technological 

capabilities and application search are the main tasks in the early phases and they 

assist accomplishing the commercial concept. In addition, managing the external 

linkages is especially important in small enterprises. They need to develop external 

linkages for acquiring more resources and knowledge as well as selling ideas, 

product concepts, and finally commercial products. Important external participants are 

public parties, consultants, and various stakeholders. Furthermore, the routines 

underlying the management of the innovation process in small enterprises are 

scanning the environment, strategy formation including strategic decision-making, 

resource management, implementation, and continuous learning. Though in the small 

enterprise these management processes are informal and also difficult to separate 

from each other, they are required. The managers’ capabilities and skills related to 

these innovation management routines mainly determine the success of the 

innovation process in the small enterprise. (Trott 2005, Burgelman et al. 2004, 

Hertsatt et al. 2004, Ledwith 2000, Cooper 1998, Tidd et al. 1998, Jolly 1997, 

Rothwell & Dodgson 1994, Souder & Sherman 1994, Cooper & Kleinschmidt 1993, 

Cooper and Kleinschmidt 1990, Rothwell & Zegveld 1985 and Rothwell & Zegveld 

1982). 
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Figure 19 The framework for the management of the early phases of the technological 
innovation process in small enterprises 
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The framework for the management of the early phases of the technological 

innovation process is the basis for the case study of this research. It is based on the 

existing innovation management literature but adding the concern for small 

enterprises. It should be noticed that the framework is author’s view and just a 

descriptive conceptualization of the factors in the early phases of the technological 

innovation process. The framework will be evaluated through applying it to the case. 

The next chapter will present the methodology of the case research and the following 

chapter how the case study was conducted. 
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3 Case research design 

 

This chapter describes the research design of this study. First, the research strategy 

and methods will be defined. Then the chapter specifies the method, case study, the 

criteria for selecting the case, as well as the criteria for collecting and analyzing the 

data. Finally, the quality of the study is evaluated. 

 

3.1 Research strategy and methods 

 

A research strategy covers the entire collection of research methods utilized during 

the research. The appropriate research strategy and also the research methods 

depend on the research purpose and problems. (Hirsjärvi et al.1997). 

 

The way of classifying the research strategies vary. Hirsjärvi et al. (1997), for 

example, present three traditional research strategies: experimental research, survey 

and case study. Correspondingly, Yin (1994) suggests five major strategies in social 

science: experiment, survey, archival analysis, history and case study strategy. In 

addition, the classification of quantitative and qualitative research strategies exist 

(Hirsjärvi et al.1997).  

 

According to Yin (1994), the case study as a research strategy includes various 

research methods with specific data collection and analysis design.  The case study 

is suitable strategy when “a how or why question is being asked about a 

contemporary set of events over which the investigator has little or no control” (Yin, 

1994). The case study strategy needs extensive triangulation with various research 

methods and researchers. The case study can, however, also be a research method. 

Then the case study “investigates a contemporary phenomenon within its real-life 

context, especially when boundaries between phenomenon and context are clearly 

evident” (Yin, 1994). In small-sized studies such as the master’s thesis, the case 

study is merely the research method. In other words, it is an approach to collect and 

analyze the data, whereas the research strategy is qualitative.  
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The purpose of this study is to understand the management of the early phases in the 

technological innovation process especially in the context of a small enterprise 

commercializing a new technology. Remarkably few studies exist about the 

technological innovation process in small enterprises. According to Hirsjärvi et al. 

(1997), the research is explorative, when the purpose of the research is to study less 

known phenomenon. Research can also be descriptive or explanative (Hirsjärvi et al. 

1997, Yin 1994). Explorative research is applicable, when the research strategy is a 

qualitative or a case study (Hirsjärvi et al. 1997). This study is explorative, because 

the purpose is to study and understand less studied innovation management in small 

enterprises. Furthermore, this research has a qualitative research strategy. The case 

study method is a suitable approach in this study to collect and analyze the data and 

to explore the less known research area. In summary, the purpose of this study is to 

explore the management of the early phases in the innovation process of a small 

enterprise commercializing new technology. The research design is the qualitative 

research strategy containing the case study method to collect and analyze the data.  

 

3.2 Case selection 

 

The case selection depends on the research objectives and theoretical background. 

Additionally, research resources and accessibility also determine the selection.  

 

Single cases are a common design for case studies. The single case is suitable when 

the case represents a critical test of existing theory or when the case is a rare or 

unique event. A major step in designing the single case is to define the unit of 

analysis. The single case can have one unit of analysis (holistic design) or multiple 

unit of analysis (embedded design). The multiple case designs contain more than one 

case, and they are more time-consuming to conduct. Similarly to the single case 

designs, the multiple case designs can be holistic or embedded type. (Yin 1994). 

 

This study consists of a single case. The case company is a small technology 

enterprise with a new patented technology. Their aim is to commercialize this 

technology, but they are just in the beginning of the commercialization. Hence, the 

company is a good representative of a small enterprise in the early phases of the 

innovation process. This single case serves as a test of the theoretical framework 

(figure 19) and its suitability to be used in the context of a small enterprise. In addition 
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this single-case can be a prelude for further studies in the context of small 

enterprises. The selected case is actually a process containing several subunits of 

analyses. The main unit of analysis is the process as a whole and the smaller units 

are individual participants, participant groups, and events during the process. Due to 

the multiple units of analyses the research has the embedded single-case design.  

 

3.3 Data collection and analysis 

 

Data collection and analysis techniques are important in the case studies for building 

validity and reliability to the research (Yin 1994).  

 

The case study evidence, which may be qualitative, quantitative, or both, come 

usually from six sources: documents, archival, records, interviews, direct observation, 

participant-observation, and physical artefacts (Yin 1994). All sources have their 

strengths and weaknesses, and therefore, a good case study uses as many sources 

as possible. According to Eisenhardt (1989), the case studies can combine different 

data collection methods such as interviews, questionnaires, data archives and 

observations.  

 

One of the most important sources for the evidence is interviews. They may take 

several forms and can vary from a very open-structured interview to a formal survey 

interview. Although the interviews are essential in the case studies, they are only 

verbal reports. Common problems are bias, poor recall, and poor or inaccurate 

articulation. That is why information gathered from interviews should be verified by 

information from other sources. (Yin 1994). 

 

A participant-observation means a special mode of the observation, where the 

observer participates actively in the events studied by raising questions and taking 

notes. The opportunity of this technique is to gain access to the events that otherwise 

would be inaccessible to a scientific investigation. The strength is also the possibility 

for the observer to perceive the reality from inside of the case. The weakness of this 

technique is that the investigator has less ability to work as an external observer. Also 

the participant role may require too much attention relative to observer role, when 

there is not sufficient time to take notes etc. (Yin 1994). 
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Analyzing the collected case study evidence is the most difficult part in conducting 

case studies. It is important to have a general analytic strategy giving priorities for 

what to analyze and why. The first and more preferred strategy is to rely on 

theoretical propositions that led to the case study. The second general analytic 

strategy is to develop a case description. These two analytic strategies underlie the 

specific analytic techniques used in given case study. (Yin 1994). 

 

The most important techniques for the data analysis are pattern-matching, 

explanation-building, time-series analysis, and program logic models. Pattern-

matching logic compares an empirically based pattern with a predicted one. If the 

patterns coincide, the results can help a case study strengthen its internal validity. 

Explanation-building is a special type of pattern-matching and the goal is to analyze 

the case study by building an explanation about the case. (Yin 1994, Eisenhardt 

1989). 

 

The standard approach for composing case study report is linear-analytic structure. 

The sequence of chapters involves the issue being studied, a review of relevant 

literature, the methods used, the findings from collected and analyzed data, and the 

conclusions and implications from the findings. (Yin 1994). 

 

In this study, the data collecting methods include interviews and participant-

observations during the case process. Thus, the collected evidence is qualitative. The 

interviews were semi-structured or open interviews, and interviewees were various 

stakeholders of the innovation process. The researcher wrote down the interviewees’ 

comments during the interviews and no tape recorder was utilized. Furthermore, the 

researcher made observation notes and collected them in the study database. The 

case analysis and description relied on the theoretical propositions of the study 

framework (figure19). The analyzing technique was mainly a pattern-matching 

technique, meaning that collected evidence was compared with the theoretical 

framework (figure 19). The reporting structure of this study is linear-analytic 

containing introduction, review of relevant literature, methodology, case description, 

findings, and conclusions. 
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3.4 Quality of the study  

 

The research quality can be evaluated according to certain logical tests. According to 

Yin (1994), the quality of any empirical social research can be judged on the basis of 

four tests: construct validity, internal validity, external validity, and reliability. Table 7 

lists these widely used tests with the recommended case study tactics, and when 

each tactic should be used. 

 

Table 7 Case study tactics for four design tests (Yin 1994) 

Tests Case study tactic 
The phase of the 
research in which 

tactic occurs 

Construct validity 

·  multiple sources of evidence 
·  establishing the chain of evidence 
·  the reviewing of the report by key 

informants 

Data collection 

Internal validity 
·  pattern-matching 
·  explanation-building 
·  other analysis techniques 

Data analysis 

External validity 
·  replication logic in multiple-case 

studies 
Research design 

Reliability 
·  case study protocol 
·  case study data base 

Data collection 

 

 

The construct validity can be built into the research during the data collection and 

reporting. It can be improved in the following ways: First, it is improved through the 

use of multiple sources of the evidence (Yin 1994). The triangulation reduces the 

potential problems in the validity, because multiple sources provide multiple 

measures of the same phenomenon (Yin 1994). In this study, the sources of evidence 

were the interviews and the participant-observation. The lack of resources and time in 

this master’s thesis restricted the amount of sources. Selecting the interviewees of 

different character slightly increased the construct validity. Second, it can be 

improved during the data collection through establishing a chain of evidence (Yin 

1994). The chain of evidence is explicit links between the research questions, the 

collected data, and the conclusions (Yin 1994). In this study, the research questions 

guided the interview design and the focus of the observations, ensuring the link 

between the data and the research problem. Third, the construct validity can also be 

built into research during the reporting (Yin 1994). In this study, the colleagues and 
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also some participants of the case process reviewed and commented the draft report. 

From the methodological point of view, this procedure enhanced accuracy of the case 

study and therefore increased the construct validity (Yin 1994). 

 

The internal validity related to the data analysis is important only in explanatory case 

studies, where an investigator attempts to create a causal relationship of certain 

condition shown to lead to the other (Yin 1994). This study was explorative and 

therefore internal validity discussion is ignored. Nevertheless, with all research types, 

the data analysis is a significant factor for the quality of the study (Yin 1994). 

 

The external validity concerns the generalization of the findings (Yin 1994). A theory-

building research combines usually multiple cases and data collection methods 

(Eisenhardt 1989). The research design of this study cannot fulfil the requirement of 

the external validity, because the research findings of this small and limited study 

cannot be generalized.  

 

The reliability of the study concerns demonstrating that data collecting procedures 

and other operations of the study can be repeated (Yin 1994) with the same results 

by yourself or other researchers. Reliable research demands detailed documentation 

of the research process. The documentation instruments are a case study protocol 

and a case study data base (Yin 1994). The first instrument, the case study protocol, 

is an instrument containing the procedures and the general rules intended to follow 

during the case study. The protocol should contain an overview of the case study 

project, field procedures (sources for information and collection procedures), case 

study questions, and a guide for case study report (Yin 1994). The second 

documentation instrument is the case study database, which contains the collected 

evidence distinct from the final case study report (Yin 1994). In this study, case study 

protocol included the research questions, some sources for interviews and a guide for 

the study report. The protocol was slightly imprecise, but it still gave some guidance 

and support for conducting the study. In addition, the researcher created the case 

study database. During the study, all observations, interviews, and other possible 

data were gathered there. The detailed case description is also included in this report, 

which enhances the reliability. Finally, the researcher analyzed the results and 

conclusions on the basis of the research questions and the case database aiming to 

maintain the chain of evidence. Maintaining the chain of evidence also increases the 

reliability of the study (Yin 1994).   
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To summarize, the quality of this study can be evaluated by construct validity and 

reliability tests. The construct validity was build through three factors: two sources of 

evidence (interviews and observation), following the chain of evidence, and also 

through participants reviewing the report. The construct validity of this research had 

also many weaknesses such as the insufficient triangulation. The weaknesses related 

mainly to the scarce resources for conducting this study, and also to the short 

experience of the researcher. The reliability of this study was primarily based on the 

case study protocol and on the case study database. However, these instruments 

also had weaknesses such as slightly imprecise protocol, which can be explained by 

the limited time and inexperience of the researcher, as well. 
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4 Case: Innovation management in small enterprise 

 

This chapter describes the case for studying the management of the early phases of 

a technological innovation process in a small enterprise. The case consisted of a 

process, which was aiming to find a commercial concept for a technology. This 

chapter includes descriptions of the case company and technology, the participants in 

the case, and the case process. The second part of the chapter reveals the results of 

this case study. 

 

4.1 Case description  

 

4.1.1 Case company and technology  

 

The case company is a few years old technology based firm offering research and 

development services for the life science industry. The services are based on the 

special technologies and the patented methods developed inside the company. The 

service packages are tailored separately to each customer, and the assignments are 

usually rather long projects. The case company is actively developing new 

technologies and solutions. It has little less than 10 employees and therefore belongs 

to micro companies. However, this study uses the term small enterprise, which covers 

both the micro and the small enterprise. The management of the technological 

innovation process proposes similar challenges for both types of companies. Thus, 

there is no need to treat them separately.  

 

The technology in question is a method for data processing, which has been 

developed and patented in-house. So far the patent is the only existing publication 

and the technology is unknown in the scientific community. The company utilizes it in 

their own services, but they are also searching for applications outside the company. 

Because the technology is a data processing method, it could be applied in almost 

every industry. 
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4.1.2 Participants  

 

The participants in the case process showed in figure 20 were managers in a small 

enterprise, stakeholders, and support service providers. The central participants were 

two managers from the case company and two consultants. The other participants in 

the case process were public support service providers and stakeholders such as 

scientific stakeholders, potential development partners, and customers.  

 

 
Figure 20 The participants in the case research process: the case company managers and 
two consultants (solid circles) were the main participants and public support services and 
stakeholders participated as interviewees (dotted circles) 
 

 

The managing director and the development manager were the main participants 

from the company in the case process. They together were responsible for strategy 

formulation, decision-making, and other management activities in the company. They 

controlled also the case process, made the needed decisions, and set the aims. In 

the beginning of the process one staff representative participated as technological 

advisor in order to assist consultants in understanding the technological capabilities. 

 

Two consultants participated in the process as market researchers and counsellors to 

case company management team. One of the consultants was the researcher of this 

study and she also had the main responsibility for conducting the consultancy 

assignment. She performed all interviews and other market research activities. The 

other consultant assisted in the counselling of the case company. 

 

The public support services participated in the case process by funding the case 

process and as interviewees. The funding institution took part in the process only by 
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financing the process and without influencing it in any other way. The interviewees 

from the public support services consisted of persons from the local science park, the 

Employment and Economic Development Centre, and the Foundation for Finnish 

Inventions. Table 8 lists the interviewees, the interview dates, and the content of 

interviews, and section 4.1.3 will discuss the purposes of the interviews more 

precisely. 

 

Table 8 Interviewees in the case process: Public support services 

 Interviewee Date  
(year 2006) 

The content of interview 

1 
Local science park, 
Business Unit Manager January 24th  

·  Understanding of the technology  
·  Attractive applications for technology 
·  Obstacles and drivers 

2 
Foundation for Finnish 
Inventions,  
Project Manager  

January 26th  
·  Understanding of the technology  
·  Attractive applications for technology 

3 
Employment and Economic 
Development Centre,  
Innovation Agent 

January 31st  
·  Understanding of the technology  
·  Attractive applications for technology 
·  Obstacles and drivers 

 

 

Three stakeholder groups participated in the case process as interviewees. The first 

group consisted of seven scientific stakeholders including professors and researchers 

from five different research institutes. Table 9 shows these interviewees, the interview 

dates, and the content of interviews and more detail is provided in section 4.1.3. They 

contributed to the case process as experts and potential technology developers. 

 



-60- 

Table 9 Interviewees in the case process: Scientific and technological stakeholders 

 Interviewee 
Date 

(year 2006)  The content of interview 

4 
Research Institute 1, 
Professor January 27th 

·  Understanding of the technology  
·  Competing technologies 
·  Attractive applications for technology 
·  Obstacles and drivers 

5 
Research Institute 2, 
Researcher (M.Sc.) 

February 9th 
– March 7th 

(several 
discussions) 

·  Understanding of the technology  
·  Competing technologies 
·  SWOT analysis 
·  Attractive applications for technology 
·  Obstacles and drivers 

6 
Research Institute 3, 
Professor 

January 27th 
– March 30th 

(several 
discussions) 

·  Understanding of the technology  
·  Competing technologies 
·  SWOT analysis  
·  Attractive applications for technology 
·  Obstacles and drivers 

7 
Research Institute 3, 
Researcher (PhD) March 24th 

·  Attractive applications for technology 
·  Obstacles and drivers 

8 
Research Institute 4, 
Technology Director A March 8th 

·  Attractive applications for technology 
·  Obstacles and drivers 

9 
Research Institute 4, 
Technology Director B March 20th 

·  Attractive applications for technology 
·  Obstacles and drivers 

10 
Research Institute 5, 
Professor March 16th 

·  Attractive applications for technology 
·  Obstacles and drivers 

 

 

The other two stakeholder groups were potential customers and potential 

development partners. In fact, the five interviewed companies simultaneously 

represented both groups. Table 10 shows the interviewees, the interview dates, and 

the content of interviews, and section 4.1.3 discusses the contribution of these 

interviews. 
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Table 10 Interviewees in the case process: Other stakeholders containing potential customers 
and development partners 

 Interviewee Date 
(year 2006) 

The content of interview 

11 
Company 1 (Engineering), 
Dept. Manager, Automation January 18th  

·  Understanding of the technology  
·  Attractive applications for technology 
·  Obstacles and drivers 

12 
Company 2 (Forestry), 
Project Manager January 27th  

·  Understanding of the technology  
·  Attractive applications for technology 

13 
Company 3 (Food), 
Managing Director March 28th  ·  Attractive applications for technology 

14 
Company 4 (ITC), 
Technology Expert March 29th  

·  Attractive applications for technology 
·  Obstacles and drivers 

15 
Company 5 (Software), 
Managing Director and 
Marketing Manager 

April 7th ·  Attractive applications for technology 

 

 

The main participants in the case process were the managers from the case company 

and two consultants, of which the other was the researcher of this study. The other 

participants were mainly interviewees. Appendix C also lists these interviews. Next, 

the description of the case process reveals more precisely, how these participants 

influenced the case.  

 

4.1.3 Case process  

 

In this study the case was a process with various participants. The aim of the case 

process was to find an attractive commercial concept for the technology. In order to 

find the concept, the managers needed to scan the environment for technological and 

market knowledge. After scanning they needed to reformulate the strategy for 

commercializing the technology. Therefore, the case process had two main stages: 

the scanning of the environment and the strategy reformulation. The consultants 

conducted the scanning phase and they also assisted in strategy formulation. The 

consultancy process was composed of five overlapping phases: understanding the 

technological capabilities, searching for competing technologies, SWOT analysis of 

the technology, application search, and strategy reformulation. The consultants and 

the managers had regular meetings during the case process. The figure 21 describes 

this entire case process containing the management process in the case company, 
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meetings between the case company and the consultants, the consultancy 

assignment process, and the interviews.  In addition to interviews, data collection was 

also based on participant-observation during the case process.  

 

 
Figure 21 The description of the case process  
 

 

The first phase in the case process was to understand the capabilities of the current 

technology. The company had developed the technology in-house and in order to 

initiate the application search, it was necessary to create a list of communicable 

features and capabilities of the technology. The discussions between the consultants 
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and the case company (both the managers and the staff representative) and 

interviews added the understanding of the technology. The interviewees were the 

public support service producers (interviews 1, 2 and 3), the scientific experts 

(interviews 4, 5 and 6), and two potential customer company (interviews 11 and 12). 

The main topics of the interviews concerning the technology understanding were  

·  how interviewee saw the technology and its properties, 

·  and what interviewee saw as main advantages of the technology. 

 

The second phase in the case process was to search for competing technologies and 

to understand their capabilities. The technology search included a desk research by 

the researcher (consultant) and interviews. The desk research comprised of internet 

and patent searches. The interviewees were the scientific experts (interviews 4, 5 and 

6). Communication with two interviewees included several discussions. The main 

topics in the interviews concerning competing technologies were  

·  what are the competing technologies for this current technology, 

·  what are the capabilities and advantages of competing technologies, 

·  what are the main application areas of competing technologies, 

·  and what are the main differences between the technology and its 

competitors. 

 

The third phase in the case process was a synthesis of the previous two phases. The 

strengths and the weaknesses of the technology as well as its threats and 

opportunities in the external environment were analyzed (the SWOT analysis).  

 

The application search included three sub phases: searching for the potential 

application areas, defining the attractive applications, and finally defining the 

commercializable applications. The search of the potential application areas was 

based on the SWOT analysis of the technology. The next phase attempted to find the 

interesting business areas for the technology among these potential applications. It 

included analyzing the financial figures such as net sales, profitability, and R&D 

intensity of different industries in European level. The purpose of the final phase was 

to define the commercializability of the attractive applications areas discovered in the 

second phase. The search for attractive applications contained the desk research and 

the interviews with the public support services, the scientific stakeholders, and the 

other stakeholders (potential customers or development partners). Every interview 
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during the case included the application search, and the main areas in the interviews 

concerning the attractive applications were 

·  what are the potential application area for the technology, 

·  how can the technology be applied in that potential area, 

·  how would the application differ from competitive applications (if there are 

any), 

·  and what would be the value of the technology. 

The SWOT analysis of the technology was the first foundation for the application 

search and analysis. It was followed by the evaluation of potential applications in 

terms of market attractiveness and commercial and technical synergy with current 

business. Further evaluation included factors such as ease of commercialization, 

uniqueness of application, resources availability, and readiness of technology for an 

application. The consultants made these evaluations with the support of the gathered 

data. 

 

The scanning of the technological and market environment accumulated insight about 

technological capabilities, technological competitors, and potential attractive 

applications. With this knowledge, the managers of the case company started to 

formulate and specify a new strategy for the technology commercialization. The 

consultants assisted this process by suggesting possible routes to proceed, but the 

managers made the decisions. The outcome of this work was an idea of what would 

currently be the most attractive commercial concept for the company.  

 

The case process had two main stages, the scanning of the environment and the 

strategy reformulation, which were further divided into five previously described 

phases. The observations and the interviews during the process gave answers to the 

research questions of this study. The main question in this study was the question: 

“What are the key elements in managing the early phases of the technological 

innovation process and how they can be managed in small enterprises?” The sub 

questions handled the drivers, the obstacles, and the decision-making tools in the 

early phases of the technological innovation process. The next section of this chapter 

reveals the results of the case study. 
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4.2 Managing the early phases in the technological innovation 

process  

 

As stated in Chapter 1, the aim of this study was to explore the management of the 

early phases of the innovation process in small enterprises. Next, this chapter 

presents the findings of the case study. The analysis of the case study data was 

based on the theoretical framework (figure 19). The interview results and the 

observations were divided into groups and analyzed according to the main elements 

suggested in the framework. The results were organized in terms of the research 

questions. The first sub section reports the key elements in managing the early 

phases of the technological innovation process in a small enterprise, the second 

reveals the main obstacles and drivers related to these elements and finally the third 

sub section shows the main strategic decision-making tools. 

 

4.2.1 The key elements in management 

 

The case study evidence collected by interviews and participant-observation pointed 

out some key elements in managing the early phases of the technological innovation 

process in small enterprises. The first key management areas related to the external 

environment were the scanning of technological knowledge and the scanning of 

market information. In addition, stakeholder management seemed to be crucial for 

small enterprises. Inside the company the key management area was the strategic 

management of the innovation process. Figure 22 illustrates these identified key 

elements.  



-66- 

 
Figure 22 The key management areas with main management tasks supported by case study 
evidence in the early phases of innovation process in small enterprise  
 

 

The main tasks in scanning and analyzing the technological environment were the 

search for the competing technologies and research institutes working with these 

technologies. These research institutes also contributed to the understanding of 

competing technologies and their capabilities. Simultaneously, the scientific 

community seemed to be a key stakeholder to satisfy during the early phases, which 

indicates that the scientific stakeholders should accept the theoretical proposition of 

the technology. The second management area the case evidence showed was the 

scanning and analyzing of the market environment. The main management task 

appeared to be the search for attractive applications. According to data, other tasks 

were searching for development partners, who showed to be another important 

stakeholder group in the early phases. The third management area identified by the 

research data was the stakeholder management, where the scientific community and 

the development partners seemed to be most important ones during the early phases 

of the technological innovation process. 

 

The case evidence also underlined the strategic management of the early phases in 

the technological innovation process, where an important feature seemed to be the 
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continuous re-evaluation and reformulation of the strategy by integrating the external 

and internal information related to technology and market. This updated strategy 

seemed to be a good basis for decision-making in strategy implementation. In 

summary, the key tasks related to strategic innovation management suggested by the 

case were scanning the environment, integrating the external and internal knowledge, 

evaluating and reformulating the strategy based on accumulated knowledge, and 

making strategic decision based on facts.  

 

The management of the early phases seemed to require great adaptability to the 

contingencies. The case showed that the company needed to adapt itself quickly to 

surprising obstacles that appeared during the innovation process. Next, this chapter 

discusses the main obstacles and drivers in the early phases of the technological 

innovation process. Finally, this chapter reveals various tools that according to case 

can assist managing the early phases of the technological innovation process.  

 

4.2.2 Obstacles and drivers  

 

The obstacles and drivers in the early phases of the technological innovation process 

can be divided into technology, market, stakeholder, and management related 

factors. The most important obstacles and drivers seemed to relate to the technology, 

though the others appeared important as well. The factors were mainly identified 

during the interviews.  

 

The obstacles showed in table 11 appeared to relate factors such as technological 

competition, market, stakeholders, and management. The technology related 

obstacles were connected to inadequate development work and insufficient 

understanding about the technological properties compared to competing 

technologies. The technological obstacles formed the most significant barriers for the 

innovation process, because the technology and its features are the foundation for 

the entire technological innovation process. The second group of obstacles was 

related to market. It consisted of finding the suitable application, focusing on a too 

small niche, resistance to technological change, competition, and pricing. The third 

group of obstacles related to stakeholders. According to the case evidence, 

neglecting the stakeholders, lack of scientific stakeholder support, and lack of the 

demonstration of technological capabilities to the stakeholders were the major 
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obstacles. Finally, some obstacles in the technological innovation process in the small 

enterprise seemed to be related to the management activities. The main managerial 

obstacles were the lack of professional managers and inexperience in managing the 

business, which according to case evidence can also create unrealistic expectations 

about technologies and their opportunities. 

 

Table 11 Obstacles in the early phases of the technological innovation process in small 
enterprises 

Technology related Market related Stakeholder related Management related  

·  technological 
incompetencies 

 
·  lack of deep 

understanding 
about the 
technology 

 
·  lack of novel 

features in 
technology – 
similarity to 
competing 
technologies 

 
·  unawareness of 

the competing 
technologies 

 
·  investments in 

technology 
development can 
be high compared 
to potential returns 

 

·  difficulties in finding 
the potential 
application, 
customers and 
their needs 

 
·  focusing too small 

niche with the 
technological 
application 

 
·  resistance towards 

technological 
change and 
unwillingness to 
give up old 
technologies 

 
·  difficulties in 

launching new 
applications in 
mature industries 

 
·  patenting the 

technology can 
lead to more 
expensive product 
than competitors 
product with 
unpatented 
technology 

 
·  many competitors 

in some industries 
 

·  neglecting the 
stakeholders 

 
·  lack of scientific 

proof of principle 
prevents the 
support from 
stakeholders 

 
·  undemonstrated 

and unknown 
technology among 
stakeholders 

 
·  lack of network in 

development 

·  lack of professional 
managers 

 
·  managers’ 

unrealistic 
expectations about 
technologies and 
their opportunities 

 
·  the inventors are 

often unfamiliar 
with the business 

 

 

The drivers promoting the early phases of the technological innovation process are 

also related to factors such as technological environment, market, stakeholders, and 

management. Table 12 shows these drivers. The identified technology related drivers 

were excellent technological properties, proved technological and scientific principles, 
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demonstrated technological capabilities in some example applications, an attractive 

and possible commercial concept, and competent development partners. The second 

group of drivers was related to market. A vital driver for innovation seemed to be the 

application that satisfy and even exceed the customers’ conscious and unconscious 

needs. In addition, understanding the customer and the value chain well identified to 

be significant drivers for the innovation. Third, the stakeholder related drivers 

appeared to underline the significance of stakeholder approval and support. 

According to the data, the approval and support could be accomplished by providing 

the stakeholders deep understanding about the technology and by being in close 

relationship with them. Finally, the main driver for the innovation process within the 

company seemed to be skilful management of the key areas in the innovation 

process. 

 

Table 12 Drivers for the early phases in technological innovation process in small enterprise 

Technology related Market related Stakeholder related Management related  

·  versatile 
technology with 
extensive scientific 
proof 

 
·  realistic evaluation 

of the value and 
possibilities of 
technology 
compared to 
competitive 
technologies 

 
·  demonstrated  

benefits, 
capabilities and 
value of the 
technology 
compared to 
competitive 
technologies 

 
·  attractive and 

possible 
commercial 
concept where 
technology is 
integrated 

 
·  competent 

development 
partners for further 
development 

 

·  understanding the 
potential customer 
and their needs 

 
·  application that 

satisfy and even 
exceed the 
customers’ 
conscious and 
unconscious needs 

 
·  understanding the 

value chain of 
potential 
application 

·  approval of 
technology in 
scientific 
community 

 
·  stakeholders’ deep 

understanding 
about technology 

 
·  close and active 

relationships to 
stakeholders 
including scientific 
community and 
other companies 

 

·  skilful management 
of innovation 
process 

 
·  adaptability 
 
·  close 

communication of 
managers with 
external network 
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4.2.3 Strategic decision-making tools  

 

Three strategic decision-making tools have emerged and identified in this study. 

During the case process the tools have been evolved and also applied by the 

researcher. Due to the scope of the case process the identified tools were related to 

understanding the technology and its competitors and also to application search. 

They were a tool for analyzing the competing technologies, a technology SWOT tool, 

and a tool for application search and evaluation.  

 

 

The analysis of competing technologies 

 

The tool for analyzing competing technologies presented in figure 23 starts with 

identifying the competitive technologies. The criteria for recognizing the competitors 

are same technological properties, same application areas, or same customers. 

Three areas were found that help to better understand the competing technologies: 

research, applications, and capabilities. Relevant information related to the research 

of a competitive technology was past, ongoing, and future research, and the main 

researchers and developers of technology as well. When it comes to applications, 

significant information seemed to be the application areas of competing technology, 

essential application developers, and information concerning the market value of the 

technological applications. The third area in the competitor analysis is to understand 

the capabilities of the competing technology.  
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Figure 23 The analysis of the competitive technologies 
 

 

Technology SWOT  

 

The potential of the technology could be evaluated with the technology SWOT 

showed in figure 24. The external opportunities and threats rise from the factors 

related to macro level, potential application areas, and competing technologies. In the 

case, macro level factors consisted of general economic and technological trends as 

well as regulative issues. Factors related to potential applications were overall market 

attractiveness, competitors, customers’ resistance to change, and application 

properties such as uniqueness of application and technology suitability to application. 

The competitive environment of the technologies was the third factor creating 

opportunities and threats as well as strengths and weaknesses. This was already 

presented in more detail in figure 23. The other factors linked to the strengths and 

weaknesses appeared to be capabilities of the technology and skills and resources 

for the technology development. In summary, the synthesis of analyzing these 

external and internal factors was the technology SWOT tool. 

 

Capabilities  
�  Strengths and weaknesses of 

competing technology 
�  Features of competing technology 

compared to own technology 

Research  
�  Past research concerning 

competing technology 
�  Ongoing and future research of 

competing technology 
�  Main researchers and developers 

of technology 

ANALYSIS OF  
COMPETING TECHNOLOGIES 

Applications  
�  Commercial application areas 
�  Evaluation of the market value of 

commercialized applications 
�  Non-commercial application areas 
�  Potential new application areas 
�  Companies using the technology 

and/or creating new applications 
�  Research institutes creating new 

applications 
 

Indentifying Competitive 
Technologies 
�  Same technological features, application 

areas AND/OR customers 
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Figure 24 The analysis of strengths, weaknesses, opportunities and threats of the technology 
 

 

Application search and evaluation tool 

 

The evaluation of potential applications presented in figure 25 has three main phases: 

a preliminary screen of applications, a secondary screen of applications, and 

evaluations of applications. The preliminary screen of applications contains finding 

the potential application areas for the technology. They are determined by the 

features of the technology. The secondary screen of the applications consists of 

defining the attractive application areas with the overall market attractiveness and 

with the utilization of existing skills. According to the case, the size, growth, 

profitability, and other financial figures related to the market defined the overall 

market attractiveness. The data also suggested that small enterprises should have 

focused technological and market segments. Therefore, a determinant of the 

attractive application is the application’s synergy with existing product and service 

portfolio. The identified factors of the evaluation phase were the evaluation of the 

commercializability and the uniqueness of application. Elements connected to the 

INTERNAL 
STRENGTHS AND 

WEAKNESSES  
OF TECHNOLOGY 

Skills and recources of developers  
�  Resource availability 
�  Technical and commercial capabilities 
 

EXTERNAL 
OPPORTUNITIES 
AND THREATS  

OF TECHNOLOGY 

Macro Level Factors  
�  Regulatory 
�  Economic trend 
�  Technologic trends 
�  Etc. 

Competing Technologies 

Capabilities  of technology  
�  Demonstrated performance, advantages, and 

capabilities 

Potential Application Are as 
�  Market attractiveness 
�  Market resistance towards new technological 

applications 
�  Competitive applications 
�  Uniqueness of application 
�  Ease of commercialization 
�  Readiness of technology for application 
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ease of commercialization appeared to be resource availability, technology readiness 

for application, commercialization barriers, and value of the problem that application 

addresses. In addition, the uniqueness of the application either by a cost-effective or 

a differentiated solution influenced the attractiveness of the application.  

 

 

 
Figure 25 The route for finding the most attractive applications 
 

POTENTIAL APPLICATIO N AREAS 
 

Technological features (SWOT)  
�  Competing technologies 
�  Possible application areas for technology 

Market attractiveness  
�  Size, growth, profitability and other financial 

figures related to market and customers 
�  Customer receptivity for new technologies 

Utilization of Existing Skills and 
Infrastructure 
�  Technical and commercial synergy 
�  Connection to overall strategy 

Ease of Commercialization  
�  Resource availability 
�  Readiness of technology for application 
�  Barriers to commercialization 
�  The value of the problem that technology 

addresses 

Uniqueness of Application  
�  Cost-effective solution 
�  Unique technical solution 

THE ATTRACTIVE  
APPLICATION PORTFOLIO 

Preliminary 
Screen of 
Applications 

Secondary 
Screen of 
Applications 

PRELIMINARY PORTFOLI O OF 
ATTRACTIVE APPLICATIONS 

Evaluation 
of 
Applications 
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The case evidence supported the concept of an evaluation scorecard in the 

application evaluation process. The scorecard consisted of the same factors as 

described in the evaluation process of the potential applications in figure 25. Each 

factor can be graded from zero to three points and through total scores the different 

applications can be compared. Figure 26 presents an example of the evaluation 

scorecard. 

 

 

 

 

 

 

 

 

PRELIMINARY ATTRACTIVENESS OF APPLICATION 0  /18 

Market Attractiveness 0  /9 

Size and growth     

Profitability     

Customer receptivity for new technologies     

Utilization of Existing Skills and Infrastructure 0  /9 

Technical synergy     

Commercial synergy     

Connection to overall strategy     

   

COMMERCIALIZABILITY OF APPLICATION 0  /18 

Ease of Commercialization 0  /12 

Resource availability     

Readiness of technology for application     

Minor barriers to commercialization     

The value of the problem that technology addresses     

Uniqueness of Application 0  /6 

Cost-effective solution     

Unique technical solution     

 

 

Figure 26 The evaluation scorecard for potential applications 
 

THE EVALUATION SCORECARD OF POTENTIAL APPLICATION  

The grading of the each factor in the scale of 0 … 3, where 

 0 = poor 

 1 = moderate  

 2 = good 

 3 = excellent 
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In summary, the case study evidence revealed some key elements in managing the 

early phases of the technological innovation process in small enterprises. They were 

scanning of the external environment for technological and market information, 

stakeholder management, and strategic management of the innovation process. The 

evidence also showed various obstacles and drivers related to the technology, the 

market, the stakeholders, and the management. Finally, during the case study 

emerged tools for analyzing the competing technology, technology SWOT, and 

evaluation of potential applications. The next chapter discusses the meanings and 

implications of these findings and their connection to existing literature. 
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5 Summary and discussion  

 

Small enterprises encounter various challenges in developing new technologies and 

attempting to integrate them into commercial products. One main challenge is to 

manage this innovation process efficiently. The purpose of this study was to better 

understand the management of the early phases of the innovation process in small 

enterprises. These early phases consist of the research and development activities 

aiming to find an attractive commercial concept for integrating the technology into a 

product or a service. The primary research question of the study was the following: 

“What are the key elements in managing the early phases of the technological 

innovation process and how they can be managed in small enterprises?” In addition, 

the study attempted to find main obstacles and drivers as well as strategic decision-

making tools for aiding the small enterprise in the early phases of the technological 

innovation process. This explorative research applied a qualitative research strategy 

and utilized the case study as a research method to collect and analyze the data. The 

study consisted of an embedded single-case. The data collecting methods included 

interviews and participant-observations, and the data analysis relied on the theoretical 

propositions of a framework based on the existing literature (figure 19). This chapter 

discusses first the key findings and then the managerial implications of this study. 

Finally, the chapter evaluates the limitations of the study and suggests further 

research areas. 

 

5.1 Key findings of the study 

 

Innovation management in small enterprises is a scantly studied area in management 

research. Mostly, the research concerning innovation management, new product 

development, and technological innovations deal with larger companies. However, a 

successful innovation is often a matter of life and death to small enterprises. The 

findings of this case study attempts to give some further insight in to the technological 

innovation management of small enterprises and also some concrete tools for 

managers of small technology based enterprises. 
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The key elements in managing the early phases of the technological innovation 

process in small enterprises identified in this case study were the scanning of 

technological and market environment, stakeholder management, and strategic 

management of the innovation process. Based on prior research, the early phases 

framework (figure 19) suggests that the objective of the early phases is to find 

commercially attractive and technologically reasonable product or service concepts 

(Jolly 1997, Murphy and Kumar 1997). First, this study supports the existing literature 

by emphasizing the importance of developing techno-market insight within the 

company. According to this study and existing literature, it seems that both the small 

and the large enterprises need this capability in finding the best applications for 

technology (Ledwith 2000, Jolly 1997). Second, stakeholders are important 

participants in the technological innovation process (Tidd et al. 1998, Jolly 1997). This 

study suggests that they are especially significant for the small enterprises in the 

early phases of innovation process for two reasons: a successful technology 

commercialization needs stakeholder support during the innovation process, and the 

stakeholders provide an important extension to the company’s own resources. The 

third key management element suggested by this study is the strategic management 

of the innovation process. The identified key tasks in the strategic innovation 

management are scanning, integrating external and internal knowledge, strategy 

evaluation and reformulation, and decision-making according to strategy. These are 

similar to the routines of the innovation management suggested by the early phases 

framework (figure 19) and the literature (Tidd et al. 1998), although it seems that the 

management of innovations in small enterprises is much more informal than in larger 

companies.  

 

According to this case study, obstacles and drivers in the early phases of the 

innovation process are related to technology, market, stakeholders, and innovation 

management. These identified factors that either drive or impede the process have 

also been presented in prior research (e.g. Rothwell & Dodgson 1994, Rothwell & 

Zegveld 1982). This study found that the capabilities of the technology in comparison 

to the other technologies are essential. According to the literature and this study, 

demonstrated superior features of the technology drive the innovation process (Jolly 

1997). The innovation process does not proceed in a vacuum and this study suggests 

that the understanding the markets and the possibilities of the applications is another 

essential driver for the innovation. The early phases framework (figure 19) also 

supports this finding. The technology and market related factors seem to be important 
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for both small and large enterprises. The previous research suggests that in contrary 

to large companies, skills and personal capabilities of managers determine the 

success in the technological innovation process of small enterprises (Ledwith 2000, 

Tidd et al. 1998, Rothwell & Zegveld 1985). Also this study emphasized these 

managerial skills. Finally, it seems, that when the barriers of the innovation process 

related to technology, market, and management are absent, then the support from the 

stakeholders is much stronger. But usually some obstacles are permanent and then 

the support from the stakeholders appears to be the substantial driving factor in the 

innovation process of the small enterprises. The early phases framework (figure 19) 

based on the previous research mainly concerning larger companies also supports 

these findings. 

 

Three tools for strategic decision-making emerged in this study. All tools are 

concerned with scanning the external technological and business environment, and 

the case study suggested their use for supporting the decision-making. The first tool 

is related to analyzing the competing technologies and the second one to the 

evaluation of the technology’s strengths, weaknesses, opportunities, and threats. This 

second tool had some similar elements to the tools literature suggests for analyzing 

the strengths, weaknesses, opportunities, and threats on a company level (Hitt et al. 

2005, Porter 1985), whereas the first tool developed during this study. The third 

identified tool is an application search and evaluation tool also containing an 

evaluation scorecard. The literature (Jolly 1997) strongly supports the elements of this 

third tool. In addition, various scorecards exist, but this identified scorecard 

incorporates uniquely the elements of the preliminary screen, the secondary screen, 

and the evaluation of applications. The innovation management routines in the early 

phases framework (figure 19) based on the existing literature, supports the mentioned 

tools. These tools seem to be useful assistance in scanning the technology and 

business environment, in processing the scanned information, in evaluation of the 

current innovation strategy, and finally in the decision-making of future strategic 

choices. According to prior research, the early phases in the technological innovation 

process are fuzzy and contain great amount of uncertainty (Trott 2005, Pearson 

1991). This study suggests that these tools can contribute to managing this 

uncertainty. 

 

A general new model for the management of the technological innovations was built 

in this study based on the prior research and existing literature (figure 16). This model 
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attempted to gather the key elements related to the technological innovation process. 

A framework (figure 19) for studying the management of the early phases of the 

technological innovation process in small enterprises was based on this new model 

and the existing technological innovation literature on small enterprises. The findings 

of this study support some parts of this early phases framework. According to the 

framework, demonstrating the technological capabilities and searching for the 

attractive applications precede the commercial concept. This study emphasized the 

search for technological knowledge and market information in order to define 

competitive technologies, evaluate the own technology by SWOT analysis, and find 

the attractive applications. The framework also suggests that even in small 

enterprises the routines underlying the management of the innovation process are 

scanning the environment, strategy formation including strategic decision-making, 

resource management, implementation, and continuous learning. The case process 

focusing on the application search revealed similar management areas as the 

framework, including scanning and strategy reformulation with strategic decision-

making. Furthermore, this case study and the framework both supported the 

importance of the external linkages and participants. The essential participants in the 

innovation process of a small enterprise seemed to be public parties, consultants, and 

various stakeholders.  

 

The innovation management in small enterprises has same objectives as in larger 

companies: to develop successful innovations fulfilling customer needs. Small 

enterprises have advantages in the innovation process such as flexible organization, 

effective internal communication, and rapid decision-making. However, small firms 

usually have lack of technical and financial resources and in addition, they often have 

inexperienced entrepreneurial managers. Small enterprises need necessarily to 

overcome these barriers of innovation in order to create successful innovations. 

Successful small firms have skilful managers who can acquire sufficient technical and 

financial resources from the external environment. In addition, the stakeholder 

management is crucial success factor of small firms in innovation. Therefore, the 

efficient innovation process management is the key to the success in small 

enterprises. This study gave some further understanding in the innovation 

management in small enterprises. The key findings of this study involved the key 

management areas, main obstacles and drivers, and strategic decision-making tools 

in managing the early phases of the technological innovation process in small 
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enterprises. Next, this chapter continues with the managerial implications of the 

results. 

 

5.2 Managerial implications 

 

The essential activity in the innovation process of the small enterprise is the concept 

development. The early phases of the technological innovation process aim to 

achieve the best possible commercial concept with demonstrated technological 

capabilities. However, these early phases contain a great deal of uncertainty and in 

addition; the managers in the small enterprises are often inexperienced. But prior 

research also suggests that formal procedures can foster innovations and they help to 

focus on the most important issues. This case study suggests some 

recommendations for the application search in small enterprises. These suggestions 

can support the management of uncertainty during the early phases of the 

technological innovations. 

 

According to this case study, the recommended steps for finding the attractive 

applications are more parallel than sequential and they appear to be the following: 

 

1) Understand your own technology and its capabilities. Make it communicable 

so that others can understand it as well. Also pay enough attention to the 

technological weaknesses and create sufficient scientific proof in the research 

phase. In development phase, demonstrate the technology in chosen 

application areas. 

 

2) Understand the competing technologies. While developing your technology, 

scan and collect information concerning competing technologies and their 

application areas with the competitive technology tool. 

 

3) Perform a technology SWOT analysis by using the knowledge related to your 

own technology and to the external technological environment. Update the 

technology SWOT continuously with new emerging information. 

 

4) Define the possible application areas by using technology SWOT (preliminary 

screen). Scan and collect data from the business environment to perform the 
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secondary screen and the evaluation of applications. Use the evaluation 

scorecard for comparing the applications and update the scorecards regularly 

with accumulating knowledge. 

 

5) Define the portfolio of the most attractive and possible applications. 

 

6) Decide according to your company’s innovation strategy how and what 

applications will be realized. Define the commercial concept for each decided 

application and determine the missing development steps. 

 

7) Remember continuous evaluation of chosen applications and commercial 

concepts. 

 

The recommendations for finding the attractive applications are based on the findings 

of this study, but they are still not suggestions for best practice. Their role is more to 

assist managers in small enterprises to consider, how they could create their own 

way for managing application search. In addition, these suggestions are not taking 

into account the entire process of the early phases of the technological innovations. 

The rest of this chapter discusses the limitations of this study and suggestions for 

further research. 

 

5.3 Limitations of the study and suggestions for fu rther research 

 

There are some general limitations in this study concerning the methodology. This 

study is based on a single case and therefore the results cannot be generalized to 

different companies or industry fields. The data collecting methods also set some 

limitations. The results are based on interviews and observations, which are 

qualitative data presenting various possibilities for errors. For example, the 

researcher did not tape-record the interviews but took notes. This causes possibilities 

for errors such as the researcher has missed or misunderstood some important 

issues. Furthermore, only one researcher conducted the study. Thus, the results and 

conclusions must be viewed as more probable than as absolute truth. 

 

The entire process in the early phases of the technological innovation process has 

not been studied here. The case in this study concentrated only on the search for 
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attractive applications for the technology. In this choice of the case scope some 

crucially important elements have been left out such as demonstrating the 

technological capabilities with the research and development. Study also excluded 

resource management, implementation of strategy and learning, which the literature 

and prior research also underline. The researcher acknowledges their uttermost 

importance in managing the early phases of the technological innovation process. 

However, with this narrow scope of the case, it was possible to study more thoroughly 

the management of the early phases related to application search. Otherwise the 

results would have been rather superficial.   

 

Due to the limitations of this study and the scarce prior research on the innovation 

management in small enterprises, further research is needed in order to gain deeper 

understanding of this topic. One interesting research area would naturally be the 

entire early phases process in the small enterprises. Generalization of the results 

could be possible, if various methods are applied and more researchers are involved. 

Another interesting topic could be studying the key management areas of the whole 

innovation process in small enterprises, which after the early phases consist of 

product development and market launch activities. Apparently, these later phases are 

also challenging for the small enterprises due to the scarce resources and the 

possible managerial inexperience. The third interesting area could be how small 

enterprises can manage, find, and exploit all possible resources. The resource 

management is evidently very challenging for small enterprises during the innovation 

process. 
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APPENDIX A 

The link between the technological innovation proce ss model and the early 
phases model of the technological innovation proces s 
 

 

 

 

 

 

The early phases of the technological  
innovation process  
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APPENDIX B 

The early phases model of the technological innovat ion process in the context 
of a small enterprise: The Early Phases Framework f or the study 
 

 
 
 
 
 
 

 

The early phases of the technological  innovation process  in the context of  
A SMALL ENTERPRISE  
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APPENDIX C 

The interviews during the case process 

  Interviewee Participant 
group 

Date 
(year 2006) 

The content of interview 

1 Local science park, 
Business Unit Manager Public January 24th  

·  Understanding of the technology  
·  Attractive applications for technology 
·  Obstacles and drivers 

2 
Foundation for Finnish 
Inventions,  
Project Manager  

Public January 26th  ·  Understanding of the technology  
·  Attractive applications for technology 

3 
Employment and Economic 
Development Centre,  
Innovation Agent 

Public January 31st  
·  Understanding of the technology  
·  Attractive applications for technology 
·  Obstacles and drivers 

4 Research Institute 1, 
Professor 

Scientific 
stakeholder January 27th  

·  Understanding of the technology  
·  Competing technologies 
·  Attractive applications for technology 
·  Obstacles and drivers 

5 Research Institute 2, 
Researcher  

Scientific 
stakeholder 

February 9th 
– March 7th  
(several 
discussions) 

·  Understanding of the technology  
·  Competing technologies 
·  SWOT analysis 
·  Attractive applications for technology 
·  Obstacles and drivers 

6 Research Institute 3, 
Professor 

Scientific 
stakeholder 

January 27th 
– March 30th  
(several 
discussions) 

·  Understanding of the technology  
·  Competing technologies 
·  SWOT analysis  
·  Attractive applications for technology 
·  Obstacles and drivers 

7 Research Institute 3, 
Researcher (PhD) 

Scientific 
stakeholder March 24th  ·  Attractive applications for technology 

·  Obstacles and drivers 

8 Research Institute 4, 
Technology Director A 

Scientific 
stakeholder 

March 8th  ·  Attractive applications for technology 
·  Obstacles and drivers 

9 Research Institute 4, 
Technology Director B 

Scientific 
stakeholder March 20th  ·  Attractive applications for technology 

·  Obstacles and drivers 

10 Research Institute 5, 
Professor 

Scientific 
stakeholder March 16th  ·  Attractive applications for technology 

·  Obstacles and drivers 

11 Company 1 (Engineering), 
Dept. Manager, Automation 

Other 
stakeholders* 

January 18th  
·  Understanding of the technology  
·  Attractive applications for technology 
·  Obstacles and drivers 

12 Company 2 (Forestry), 
Project Manager 

Other 
stakeholders* January 27th  ·  Understanding of the technology  

·  Attractive applications for technology 

13 Company 3 (Food), 
Managing Director 

Other 
stakeholders* March 28th  ·  Attractive applications for technology 

14 Company 4 (ITC), 
Technology Expert 

Other 
stakeholders* 

March 29th  ·  Attractive applications for technology 
·  Obstacles and drivers 

15 
Company 5 (Software), 
Managing Director and 
Marketing Manager 

Other 
stakeholders* April 7th  ·  Attractive applications for technology 

* Other stakeholders contain potential customers and development partners 


