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Abstract:

Innovations are the primary source of competitive advantage for firms. However, 

several studies have shown that most of new products in a firm’s portfolio become 

financial failures. The investments into innovativeness and creativity do not always 

bring as much return as expected. Therefore, it is useful to discover the factors that 

determine which innovations have higher chances to succeed.

There is much literature that describes such factors for manufacturing companies in 

general, but there are very few studies about the software industry in particular. The 

aim of this research is to shed the light on the critical success factors for the new 

software development process.

The empirical research was conducted by sending a standard online questionnaire to 

200 software producers in Finland. In total, 39 responses were collected, and 30 of 

them were usable for statistical analysis. 20 responses were used for the regression 

analysis.

The results show that use of prototyping techniques contributes to overall success of 

the projects. In addition to that, close cooperation with customers (using linked design 

systems) contributes to the financial success of the projects.

Keywords: software, new product development, innovation, critical success factors   
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 1 Introduction

This chapter gives the basic information about this research project: its goals, structure 

and methodology.

1.1 Research background
Several studies have shown, that most of new products in a firm’s portfolio become 

financial failures. Despite high degree of innovativeness and creativity, those products 

do not bring as much return, as companies invest in them. (Andrew and Sirkin 1993). 

Therefore, it is useful to discover the factors that determine which innovations have 

higher chances of success. By definition, most of the technical innovations are done by 

technology-intensive companies. Software industry is probably the best representative 

of dynamic hi-tech industry, with a high rate of product innovation and global 

operations. (Nambisan 2002; Toivanen 2000)

1.2 Research objectives
This project has two objectives: firstly, it aims to determine the factors contributing to 

the success of  innovative projects in software product industry; secondly, it tries to 

evaluate the extent to which the success of those projects contributes to the financial 

performance of firms. The possible success factors are drawn mainly from the review of 

papers written in English and published in the peer-reviewed academic journals. The 

factors are then tested empirically with the help of a questionnaire sent to Finnish 

software producers.

1.3 Empirical method
This study is based on collecting data through an online questionnaire from innovative 

software producers in Finland. The objective of the survey is to gather the data about 

practices used in software development projects, and the success of the projects. The 

data were further analyzed using statistical methods.

1.4 Structure of the thesis
The first few chapters of the thesis explore the literature related to innovation: Chapter 2 

describes the economic relevance of innovative activities, and gives the general idea on 

how those activities are carried out. Chapter 3 tells about the software industry, and the 
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specifics of software product development process. Chapter 4 goes on to draw a link 

between risk and success, whereas Chapter 5 tells more about the measures of success, 

as well as previous attempts to measure it.

The following chapters describe the study itself. Chapter 6 presents the theoretical 

framework for the study, followed by a more detailed description of  the research 

objectives. I analyze the results in Chapter 7, and present the conclusions in Chapter 8.

The final part of the thesis consists of the list of references and appendices.

Happy reading!
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 2 What is innovation?

This chapter defines the concept of innovation based on contemporary theories. Here I 

review the literature from economic, project management and marketing points of view, 

and present several models of the innovation process. I also point out the similarity and 

difference between innovation process and new product development.

2.1 Definition
In order to understand how to measure software innovation, it is important to 

understand what innovation is innovation, and how it is described in the literature. In 

the general sense, an innovation is "development and implementation of new ideas by 

people who over time engage in transactions with others within an institutional context". 

(Van de Ven 1986:604).

2.2 Classification of innovations
By their nature, innovations can be classified as radical – technologically new products 

or processes, and incremental – improved products or processes, with improvements 

being done continuously. Functionally, innovations can be categorized as product, 

process, management,  organizational, marketing, and service innovations. (Trott 2005)

By impact on markets, innovations are categorized as sustaining – which improve 

already existing products and disruptive – that significantly change the industry or even 

create a new one. They often "disruptively" reshape the whole supply chain and related 

industries, thus the name. Sustaining innovations move technology along the S-curve 

(cumulative technology adoption), while disruptive innovations create a new one. 

(Christensen 2003)

This paper deals with technological product and process (TPP) innovations. Oslo 

Manual (OECD 1997) describes technological product and process innovations as 

"implemented technologically new products and processes and significant technological 

improvements in products and processes". Organizational and marketing innovations 

are not included in this definition.
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TPP innovation activities can be successful, aborted and ongoing. A TPP innovation has 

been implemented successfully, if it has been introduced on the market (product 

innovation) or used within a production process (process innovation). TPP innovations 

involve a series of scientific, technological, organizational, financial and commercial 

activities. (OECD 1997)

Some researchers (Van de Ven 1986) argue that separating technical and organizational 

innovation results in fragmented classification of the process, and therefore they should 

be considered together.  Other researchers (Becheikh et al 2005) recommend to consider 

them separately because evidence suggests different determinants for product and 

process innovations. For the reasons of simplicity, this paper deals with only new (to the 

Finnish market) successful or aborted software product innovations, and also takes into 

consideration the management processes in the firms.

2.3 Economics of innovation
Innovation is means by which a firm gains a competitive advantage over its competitors. 

Generally, productivity-enhancing process innovations give cost advantage, whereas 

product innovations bring monopoly position in the market for a certain period. (OECD 

1997) From the macroeconomical point of view, there are two most widely accepted 

theories: neoclassical and evolutionary.

Neoclassical approach, originally developed by Solow, determines innovation as 

"effectiveness of labor". External technological change makes labor more effective and 

contributes to economic growth. Modern theories also emphasize importance of internal 

factors, such as accumulation of capital, which also includes human capital and 

knowledge. The neoclassical view mostly considers technology and economy 

separately. (Tanayama 2002)

Evolutionary approach has originated from the Shumpeterian definition of innovation. 

It focuses on the dynamic process behind the technological changes, and is 

characterized by firms searching for the best action (rather than having found it). This 
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approach focuses on the role of competing entrepreneurs, as the active drivers of 

change. Schumpeter argued that innovations are new ideas that have been 

commercialized by entrepreneurs, and thus are important for economic growth – not a 

separate external factor.  Innovative entrepreneurs destroy the macroeconomic 

equilibrium being formed by existing technologies.

He made distinction between invention, innovation (mostly referring to technological 

innovations) and diffusion of innovations. From Schumpeterian point of view, invention 

is just an idea or a model, whereas innovation is a commercialized invention. Diffusion 

describes spreading of innovations within an economy. (Tanayama 2002)

2.4 Models of innovation process
According to R. Rothwell (1994), manufacturing companies have been going through 

five generations of innovation process since 1950s:

1) In 1950-60s, the innovation process was represented by a “technology-push” 

model: due to rapid growth of science and technology, many new industries 

emerged, and resulting in higher employment and consumer boom. Scientific 

discovery led to product development and commercialization.

Figure 1. Technology-push model, from Rothwell (1994)

2) As the employment grew slower, but productivity continued to rise, the next 

generation of “market-pull” model appeared. The general idea behind the model 

is that technological development and engineering activities should happen in 

response to market demands. This model assumes the same linearity as its 

predecessor.

Figure 2. Market-pull model, from Rothwell (1994) 
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Both of these models turned out to be too simple, as they do not address a wide 

range of questions, such as interaction between parties involved, feedback and 

the innovation process itself. (Tanayama 2002)

3) Later, more interactive theories (e.g. “chain-linked” model, “coupling” model) 

have emerged, emphasizing collaboration between the two driving forces: 

technological opportunities and market needs. They go further to suggest 

different paths for the innovation activities, depending on various sources and 

drivers. These models still rely on the sequential order of activities and take into 

consideration feedback links between R&D, production and marketing. They 

attempted to find the factors leading to successful innovations, categorizing 

them into external and internal factors. The studies showed that success depends 

not on a few factors, but rather a balance of many factors, as well as 

management by skillful and committed "key" individuals. (Rautiainen 2004)

Figure 3. Coupling model, from Rothwell (1994)

Figure 4. Chain-linked model by Kline and Rosenberg, from Tanayama (2002)
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4) Emergence of global strategies, lean manufacturing and prototype development 

has inspired development of the integrated model of innovation process. The 

model sees innovation as a parallel process involving elements of R&D, 

manufacturing (prototyping) and market research at the same time. It also notes 

the important role of collaboration between customers, suppliers and 

competitors in the innovation process.

Figure 5. New product development project diagram, from Graves (1987)

5) Finally, Systems integration and Networking (SIN) model or the Fifth 

generation of innovation process was developed by Rothwell (1994). SIN is a 

more comprehensive model that considers multi-institutional networking, 

horizontal and vertical integration, as well as means of electronic data 

processing. Importantly, it provides a framework suitable for measuring 

different aspects of the innovation process: 24 general success factors translated 

into key strategy elements that interlink with enabling factors:

 

Underlying strategy elements:

• Time-based strategy (faster, more efficient product development).

• Development focus on quality and other non-price factors. 

• Emphasis on corporate flexibility and responsiveness. 

• Customer focus at the forefront of strategy. 

• Strategic integration with primary suppliers. 

• Strategies for horizontal technological collaboration. 

• Electronic data processing strategies. 

7

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�



• Policy of total quality control.

Not all factors have equal importance. Primary enabling factors are:

• Greater overall organization and systems integration:

• parallel and integrated (cross-functional) development process

• early supplier involvement in product development

• involvement of leading-edge users in product development

• establishing horizontal technological collaboration where appropriate

• Flatter, more flexible organizational structures for rapid and effective 

decision making:

• greater empowerment of managers at lower levels

• empowered product champions/project leaders

• Fully developed internal data bases:

• effective data sharing systems

• product development metrics, computer-based heuristics, expert systems

• electronically assisted product development using 3D-CAD systems and 

simulation modeling

• linked CAD/CAE systems to enhance product development flexibility 

and product manufacturability

• Effective external data link:

• co-development with suppliers using linked CAD systems

• use of CAD at the customer interface

• effective data links with R&D collaborators

The model emphasizes the importance of including the innovation into the 

strategic planning process. It says that innovation is mostly a networking 

(especially IT-based networking) and integration process. Rothwell argues that a 

company shifting from an older model to the newer one, in fact becomes more 

efficient in terms of development time/cost. Nowadays, in order to achieve 

success, the firms have to become more flexible in terms of management and 

organizational structures. (Rothwell 1994,  Tanayama 2002)
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Figure 6. SIN  model, from Niininen & Saarinen (2000)

2.5 New product development
While innovation is a continuous process within an organization, new product 

development (NPD) projects are the core product innovation activities. New product 

development is a process of developing new products from the initial idea to the 

finished output. (Trott 2005)

Trott (2005) summarizes the NPD models into seven categories:

1)  Departmental-stage models 

These models represent early, linear approach to innovation. Each department 

plays its own limited role in these models: R&D provides ideas, engineering 
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department develops prototypes, then manufacturing mass-produces the product 

and finally marketing department launches it to consumers.

2) Activity-stage models and concurrent engineering

These models are similar to department-stage, but they facilitate interaction and 

feedback  between the departments. These models emphasize breaking the 

project into activities rather than departments. Adoption of concurrent 

engineering in 1980s made it possible to conduct multiple activities at the same 

time.

3) Cross-functional models

Cross-functional models are focused on communication between different 

departments and creation of cross-functional teams. People with different 

backgrounds come together to work on a common project.

4) Decision-stage models

Decision-stage models see a NPD project as a series of decisions to be made. 

Like Activity-stage models, they facilitate iteration through feedback loops.

5) Conversion-process models

These models view the NPD as a number of inputs (tangible and intangible) into 

and outputs (products) from a "black box".

6) Response models

Response models focus on the behavior of individuals and organizations in 

response to new ideas and project proposals. They are useful in analyzing factors 

that influence decisions to accept or reject proposal.

7)  Network models

The most recent generation of models, they emphasize accumulation of inter-

disciplinary knowledge over life of the project. External linkages are important, 

as they facilitate accumulation and development of knowledge in the 
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organization.

According to Ernst's literature review (2002), most of the studies on NPD success 

factors are influenced by R. G. Cooper and E. J. Kleinschmidt. Their early works, based 

on NewProd I study emphasize two factors: proficiency in process management and 

strong market orientation. Works by other authors confirm their studies (Ernst 2002: 8). 

Their later research also notes the critical importance of preparatory work in early 

stages of innovation process (see "Phases of innovation" below).

Ernst (2002) has summarized the critical success factors from NPD literature into:

1) NPD process: proficiency of activities in each step of the process and market 

orientation of the process. It should be noted though, involvement of customers 

into the NPD process does not contribute significantly to success. Many 

researchers found the crucial importance of pre-development activities. 

2) Organization: strong project leadership, commitment and communication within 

a cross-functional NPD team.

3) Culture: innovation-friendly, entrepreneurial climate. Culture that supports risk-

taking behavior and encourages independent research has a positive influence on 

the success of new products.

4) Role and commitment of senior management: "management's material and non-

material support for new products" (Ernst 2002: 24). This success factor has 

been defined very vaguely in the NPD literature. This can be a success factor 

since strong management support means that a particular project will not be 

stopped despite the resistance. It might also be  disadvantage, if it is for the 

benefit of organization to stop the project.

5) Strategy: generally, the existence of the NPD strategy is regarded as a success 

factor by itself. 

Cooper (1999) argues that cooperation with customers is very important for success of 
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innovative products. However, Christensen (2003) suggests that listening to customers' 

voice is not always the best way. He shows how many disruptive innovations 

disregarded by successful companies (and their customers), eventually become 

successful and dominate the market.

2.6 Phases of innovation
Some researchers (Herstatt at al 2001, Kim and Wilemon 2002, Koen 2001) divide the 

innovation process itself into three interlinked phases or subprocesses: front-end 

innovation, new product & process development, and commercialization. Koen et al 

(2001) argue that the factors critical in front-end phase and commercialization are 

significantly different from those critical for the new product development.

Figure 7. Phases of the innovation process, adapted from Koen et al. (2000)

Front-end (also called "fuzzy front-end", FFE) activities include such stages as idea 

generation and assessment, concept development and market research. They are 

considered "fuzzy" because the uncertainty level is so high, that it is difficult to predict 

how the project will look like. The main goal of the FFE phase is to reduce uncertainty 
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by gathering technical and market information. No matter what drives innovation, the 

decision is usually made in this phase to start development activities or cancel the 

project. (Herstatt et al 2001)

Front end is the most risky, and the most critical innovation phase. Study by Kim and 

Wilemon (2002) show that organizations successful in managing FFE have higher 

probability for success in the whole innovation process. They focus on a few important 

issues to attract management's attention:

• Speed and reliability of collected information: a successful company can balance 

proper selection with speed of selection. Competency and motivation of the 

research team are considered very important.

• Cross-functional and external communication: timely involvement of various 

functional groups, and active use of external sources of knowledge makes 

research more effective.

• Fit between projects and the general strategy: screening of ideas should be based 

on what the company wants to achieve, rather than what can be achieved or what 

customers want. Both management and the research team should be aware of 

each other's goals.

• Knowledge management: documenting the whole process and learning form past 

mistakes. 

Commercialization is a process of introducing the developed products to the market. 

Commercialization is diffusion of innovations in a more narrow sense, implying 

monetary return, whereas diffusion in general can mean for example, diffusion of non-

profit innovations and ideas. (OECD 1997)

The original model of diffusion of innovations was developed by Rogers (1962): From 

awareness stage into interest stage, followed by evaluation and then trial, which 

eventually leads to adoption. (Rogers 1962 in Midgley 1977: 26). Rogers and 

Shoemaker (1971) mapped the distribution of the technology adoption to the bell curve.
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Figure 8. Adoption of innovation, from Rogers and Shoemaker (1971) in Midgley 1977:39

Later book by Moore (1998) describes implications of this theory for marketing of 

technology products. Moore writes that when marketing a discontinuous innovation, a 

company should target the customer categories one at a time (from innovators to the late 

majority). Making the shift from one category to another one needs to be done in a 

correct time, the "opportunity window". 

Figure 9. "Crossing the chasm" model, from Moore 1998:131

Moore suggests that the most critical time is the move from early adopters to early 

majority ("chasm"), and that is when many firms and technologies fail. To "cross the 

chasm" successfully, it is important to get the "technology enthusiasts" (innovators) and 
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"visionaries" (early adopters) interested. They will then start spreading the word to 

others. The most effective to way to attract "pragmatists" (early majority) is to establish 

market leadership, preferably in a niche market. 

2.7 Analysis of innovation literature
Innovations are the primary source of competitive advantage for firms. There are many 

different classifications and views on innovation in the current literature. Seems that 

innovation research has evolved from two sources: macroeconomic theories developed 

in the beginning of the 20th century, and NPD project management research. The former 

study drivers of innovation and its effect on national economies, while the latter focus 

on critical success factors at the firm level. Due to the dominant Schumpeterian view, 

literature on innovation activity is often related to entrepreneurship.

Current research on innovation models shows that successful innovation process 

depends, mainly, on two capabilities: to take advantage by integrating existing 

technologies, and to network effectively (both inside the company and externally). 

Knowledge management as an important tool, and the organizational structure as the 

context play very important roles in the process. Numerous case studies in large 

corporations (Hustan and Sakkab 2006, Iansiti 1998), as well as the learnings from 

Sfinno project (Toivanen 2000) support this point.

Success of innovations correlates significantly with the success in early, front-end 

stages. Thus, it is important to consider strategic fit of the project, and ensure proper 

knowledge and communication within the team.

For a business company, it is important not only innovate effectively, but also market 

successfully. The research suggests, that successful commercialization of a technology 

can be achieved only if target markets are approached one-by-one, from more 

technologically enthusiastic segments to the majority. The best way to attract the 

majority is to become a market leader in a particular niche.
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 3 Innovation in software companies

This chapter describes the software industry: its origins, its distinctive characteristics, as 

well as peculiarities of software innovation.

3.1 Definition
Sfinno project defines software as "written code (instructions) dictating the operations 

of a computer". The commercialized software innovation is a product which, in broader 

definition, also includes embedded applications and new algorithms that enable 

integration of existing software  products. (Toivanen 2000)

3.2 Software products industry
The software industry is a typical high technology industry with "high rate of product 

and process innovation, high knowledge intensity, rapidly shrinking product and 

technology life cycles, global market, intense competition, and highly dispersed value 

chains." Software products can be categorized into incremental "minor software 

products" and radical "major software products". Minor software products carry out 

minor tasks or complement larger products, such as various  utilities and add-ons for 

office packages.  Major software products are comprehensive and usually stand-alone, 

for example enterprise resource planning (ERP) solutions and word-processing 

software. (Nambisan 2002). 

Campbell-Kelly divides the industry itself into three sectors: software contractors, 

corporate software producers, and makers of mass-market software products. They 

developed in the US starting from 1950s, in intervals of about a decade. Corporate 

software emerged with the launch of IBM's System/360 computer family, and mass-

market products made available through IBM PCs. The European software market 

lagged the US, and therefore was mostly dominated by American companies. 

(Campbell-Kelly 2003)

1970s and 80s were marked by enormous growth of once small entrepreneurial 

companies such as Microsoft and Apple. Nowadays, software industry is quite 

turbulent, following Shumpeter’s Mark1 pattern of creative destruction (Toivanen 
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2000). Mark 1 is characterized by ease of entry, and high number of small firms 

generating innovations and reshaping existing technological structures (Tanayama 

2002).

Most of the data on Finnish software industry comes from the annual National Software 

Industry Survey  conducted by Helsinki University of Technology (Helsinki University 

of Technology 2005). According to the survey, the Finnish software products industry is 

growing faster than the global average (21% in 2004). The overall national revenue for 

2004 was 1 190 M EUR, of which about 34% comes from export.  Majority of firms in 

the industry are rather immature, small business startups. (Helsinki University of 

Technology 2005) Although the number of computer-related startups has been 

decreasing by 2004, the net ratio (openings vs. closings) remains positive, more than 

45% in average (Statistics Finland, 2006).

The survey of Finnish software producing companies (Helsinki University of 

Technology 2005) reveals several characteristics:

• Majority of respondents are small and medium enterprises (SMEs): the average 

revenue was 3,6 M EUR, while the median revenue was only 0,5 M EUR. About 

half of the firms generate less than 1 million EUR, while 28% generate more 

than 3 million EUR.

• Over 80% of total export revenues come from the largest 40 companies, while 

their overall share in revenues is 58%. Majority of international companies are 

large, whereas firms targeted on domestic markets are smaller (by revenue 

category).

• Age of the businesses is surprisingly old, probably due to bias. Average age in 

software product business was 9.2 years, with 45% of companies operating for 

more than 10 years, and only 9% for less than 3 years.

• The industry is highly centralized: about half of the firms located in Uusimaa 

region, Helsinki (31%) and Espoo (14%) being the most popular cities. Most of 

the respondents (86%) are geographically close to technology centers and 
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technical universities.

• The nature is entrepreneurial: in average, 73% of the firms are owned by 

founders and their family members. Average share of foreign capital is only 

4,2%.

• Relatively few SMEs are financing their growth through debt; this is especially 

true for older firms. Low availability of external financing probably slows down 

growth and internationalization of software firms.

3.3 Software innovation
According to literature, innovation process in technologically intensive companies 

(including software), is distinct in several ways:

• Availability of  employees with specialized knowledge and experience in 

science and engineering is a very important internal factor. Results from the UK 

shows that science and engineering background is seen as more important in 

comparison to practical technical skills or general managerial capabilities. Most 

likely, this creates a precondition for technological learning in smaller hi-tech 

firms. (Romijn and Albaladejo 2002)

• Access to information sources (e. g. a regional science base) is considered the 

most important external factor. Many UK firms seem to be spin-offs from the 

public research labs and still cooperate actively with them. Institutional funding 

is also a very important contributor to innovative activity. (Romijn and 

Albaladejo 2002)

• Cooperation between marketing and product development functions is very 

important for success of innovative products. Researchers indicate higher 

success rate among the products driven by market needs, rather than 

technological opportunity (Cooper 1999). On one hand, marketing function links 

research and development activity to the corporate strategy, thus making it 

relevant to the overall direction of organization. On the other hand, it serves as a 
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channel of communication between users and developers. (Workman 1993)

• Persistence of the "creative destruction" type of innovation (Toivanen 2000). In 

high-tech industries the disruption innovations happen more often, and pass 

quicker (Christensen 2000). For example, Meyer and Selinger (1998) argue that 

monopolies cannot sustain their position for long, unless they continuously 

invent new technologies, or “software platforms”. The platforms, rather than 

stand-alone "killer-apps", bring the highest revenues. Software platform means a 

modular architecture that allows easy plug-in of many software components. 

This theory is based on idea of network effects in software industry – value of 

technology increases, as more users adopt it.

• Low cost of reproduction, wide variety of pricing and licensing schemes. Low 

cost of copying is a potential risk for commercial off-the-shelf software (piracy), 

but an advantage for open source distribution (wider network). The debate on 

effect of patents on software innovation is still going on without any clear result. 

However, empirical evidence shows that IT companies use patents for strategic 

reasons (such as marketing, benchmarking or barriers to entry), rather than 

protection of intellectual rights. (Välimäki 2005)

Torrisi (1998) concludes that European software industry seems to be more dependent 

on public policy, size of the domestic market and proximity to leading original 

equipment manufacturers. He categorizes innovation in European software into three 

main groups: "entrepreneurial start-ups operating on the technological frontier, small 

and medium-sized software firms specializing in one or a few software products or 

services, and large firms offering system software or carrying out system integration 

activity."

Main conclusions of the Sfinno study (Toivanen 2000) give an idea about Finnish 

software innovations:

1) The most innovative software companies are small (< 10 employees), young (< 

4 years) and have moderate turnovers (< 5 mil. FIM1). This goes in line with the 

1 1 Euro = 5.94573 Finnish Marks, as fixed on 31 December 1998
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general characteristics of software industry (Helsinki University of Technology 

2005)

2) Software innovations are more often technology-driven, as compared to other 

industries (60% vs 36%). Customer needs and market niche are important for all 

kinds of innovations, but in software industry availability of new technologies 

plays crucial role. On the other hand, competition and regulations are not as 

important as for other industries.

3) Half of the innovations are commercialized within 2 years, and 55% were 

profitable. About 60% of commercialized innovations were exported.

4) There are subtle differences in collaboration and linkages to public policy. 

Majority of software innovations are developed with funding of public 

institutions, especially Tekes (Finnish funding agency for technology and 

innovation). Public research is also very important, more important than for 

innovations in other industries. Collaboration is crucial, and the most significant 

partner is customer. However, the way of collaboration varies depending on the 

firm profile and the technology.

These results seem to agree with the previous studies of software innovations. It should 

be noted, that only about half of software innovations were made in software 

companies. There are many firms in other industries that have contributed to software 

innovations. (Toivanen 2000)

3.4 Analysis of literature on software innovations
Software industry has been developing very quickly for the last 60 years. Mostly this is 

due to low entry barriers, which results in a very entrepreneurial nature of the industry. 

Software industry also features a very high number of disruptive innovations. Therefore, 

some researchers name development of platforms and standards as an important factor 

for success. According to surveys, software companies find access to technological 

knowledge and link between production and marketing as the most important focus 

areas.
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Software producers in Finland seem to be highly centralized, less entrepreneurial and 

more dependent on public policy. Following the globalization trends, more software 

companies are going for foreign markets. Thus, importance of foreign competition is 

growing. Due to differences between manufacturing and software production, Toivanen 

(2000) concludes that traditional innovation indicators might not work well in the case 

of software industry.

Software innovating firms in Finland seem to concentrate geographically around 

universities and knowledge centers. Most of them are small and focused on domestic 

markets. Bigger ones export significantly. Collaboration with leading customers seen as 

very important for commercial success, as well as public research and policy.
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 4 Risk and technological innovation

This chapter aims to look at innovation from the point of view of risk management. It 

describes the most commonly mentioned risk factors, and shows the link between the 

concept of risk and the concept of success factors.

4.1 Definition
As defined by online dictionary MSN Encarta (2006), risk is a "chance of something 

going wrong: the danger that injury, damage, or loss will occur". That is, risk arises 

when there is a probability of an unfavorable or uncertain outcome.

4.2 Risk factors in innovation
As any activity with highly uncertain outcome, innovation is inherently risky. Every 

step in the process (invention, integration, development and commercialization) bears 

probability of failure. Both internal factors such as creativity and knowledge, as well as 

external factors, such as competition and regulations, affect those probabilities. Risk of 

new product development arises from the fact that organizations usually need to make 

large investments into the R&D process, but the return on investment comes only after 

(and if) the product is successfully commercialized (Trott 2005).

Keizer, et al (2005) have categorized 10 types of risks in product innovation projects on 

example of fast-moving consumer goods industry (listed by frequency of perception, 

descending order):

1) Consumer acceptance and marketing risks (Communicating the new product to 

target consumers) 

2) Organization and project management risks (Organization and management of 

the project)

3) Product technology risks (Stability of the product, while in storage in production 

plant, in shop/warehouse, during transportation or at home)

4) Manufacturing technology risks (Quality and safety requirements of production 

system: facilities and personnel)

5) Supply chain and sourcing risks (Constant and predictable quality of supply by 

suppliers)
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6) Public acceptance risks (Possible negative external reactions by key opinion 

formers or interest groups)

7) Manufacturing technology risks (Adequate production means, equipment and 

tools, are available when needed)

8) Product technology risks (New product fulfills intended functions)

9) Commercial viability risks (New product meets consumer standards and 

demands)

10) Consumer acceptance and marketing risks (New product’s appeal to generally 

accepted values: health, safety, nature, environmental issues)

4.3 Risk management
While it is not possible to eliminate risk at all, it is possible to manage it. Keizer et al. 

(2005) also described popular innovation risk measurement and management methods. 

Their study has shown that managers see risk diagnosing methods as helpful, and would 

integrate it into their project management process.

Literature on software project management also mentions risk management. For 

example, Futrell et al. (2002) emphasize importance of conducting a proper risk 

assessment before starting a project. Their risk categories are:

1) Mission and goals: fit of the project into organizational strategy

2) Organization management

3) Customer: meeting end-user needs

4) Budget/cost

5) Schedule

6) Project content: additional artifacts, such as documentation

7) Performance

8) Project management

9) Development process

10) Development environment

11) Staff

12) Maintenance
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Managers should consider the stage the measurement is made, because the definition of 

success and failure can differ depending on the stage the measurement is made. A 

deeper understanding of the factors critical for the innovation process is important for 

better project selection and process management. (Rautiainen 2004) The next chapter 

deals with innovation measurement in more details.

4.4 Analysis of risk-related literature
Innovation is a very risky process: the output is uncertain, and investments might be 

large. Avoiding the risk is impossible and even not advisable, but wise risk management 

can bring significant benefits.

Risk management consists of assessing the risk structure (types of risks), choosing the 

right risk management methodology (based on most important risks) and using controls 

to minimize the negative effects of the risks. There are various risk management 

methodologies and categories of risks suggested by different authors.

Deeper insights into the measurement of innovation process will shed more light into 

the factors that mangers should consider in order to minimize the risk of failure.

24

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�

�
�



 5 How to measure innovation activities?

This chapter is about measuring the innovation process: why do we need to measure it, 

how do we measure it, and has anyone tried to do it earlier? I also discuss the definition 

of success and the controversy surrounding it.

5.1 The need for measurement
Measurement is critical for success of innovations, because it makes managers realize 

where they are now, and in which direction they are going – and which corrective 

actions they need. In other words, "what gets measured gets done". (Trott 2005)

However, one can effectively measure something only if there is a set of measures, 

which requires use of a particular framework. For example, one needs to define success 

in quantitative terms in order to measure it objectively. Thus, it is important to describe 

precise measures of success, in the framework of a particular model of innovation. In 

addition to that, every industry and every organization have their own focus areas, 

which have to be taken into account when designing a measurement system. (Davila 

2006)

As seen from the literature mentioned in the previous chapters, there are two different 

approaches: innovation as an NPD project, and innovation as a continuous process. 

Measuring success of a project is done by evaluating deliverables against the targets, 

and deriving critical success factors. Measuring a process is not that straightforward, 

because it is continuous, and targets usually evolve on the way.

5.2 Activity-based measures
One approach to measurement can be disassembling the process into activities, and 

viewing each activity as a time-bound  project. For example, OECD (1997) defines the 

main activities involved in innovation:

R&D, other acquisition of intangible knowledge, acquisition of  

machinery and equipment, various other preparations for 

production/delivery, including tooling up, staff training, etc., and 

marketing. Of these, only R&D and the acquisition of machinery 

incorporating new technology are automatically TPP innovation 
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activities. The others can only be included if they are required for the 

implementation of TPP innovations.

5.3 Input-output measures
Another way to measure innovation, would be to think of it as a "device" that takes 

inputs and produces outputs. Both inputs and outputs can be measured using, e.g. 

average quantity of certain variables per unit of time. (OECD, 1997; Hagedoorn and 

Cloodt, 2003) Some innovation studies measure multiple variables, while some study 

only one. The variables include:

• R&D as a measure of innovative effort,

• patents & patent citations as measures of innovative output,

• product announcements – level of product innovation.

These variables need to be measured carefully, as they overlap to a certain degree. 

(Hagedoorn and Cloodt 2003) The limitations of these kind of measurement is that it 

does not offer comprehensive overview of success. There are cases of successful 

innovation with little R&D investment, whereas different industries have different 

propensity to patent. In addition to that, such measures do not take into account 

commercialization phase. (Evangelista et al. 1998)

5.4 Innovation scorecards
Yet another approach is to analyze a process from different perspectives, set goals for 

key performance indicators in each perspective, and monitor performance against them. 

This is the basic idea behind different scorecard models, such as the Balanced 

Scorecard. Such methods have been used to measure performance of knowledge work.

The idea of quick measurement of multiple factors of innovation has given birth to a 

few initiatives on developing innovation scorecards. The framework developed by 

Chiesa et al (1996) describes two types of processes: core and enabling. They suggests 

to identify the processes first, and then assess current innovation practice and 

performance, identify gaps, their reasons, and finally define action plans. Chiesa et al. 

(1996) distinguish between process audit and performance audit. Process audit focuses 

on how the processes are implemented and managed. Quick "innovation scorecards" 

and more in-depth analysis can be used for process audit. Performance audit needs 

analyzing results of each process stage, and then the sum: the global innovation result.
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Cormican and O'Sullivan (2004) draw on this idea, and suggest to use a product 

innovation management (PIM) scorecard. PIM scorecard is comprised of 5 key factors:

1) Strategy and leadership

2) Culture and climate

3) Planning and selection

4) Structure and performance

5) Communication and collaboration

Each of the factors presents a set of 10 questions, each of them evaluated on 1 to 5 

score.

A similar idea lies behind the Innovation Scoreboard developed by the European 

Commission in 2003 (Trott 2005). It analyzes data from the EU counties on 17 

indicators in four areas:

1) Knowledge creation

2) Human resources

3) Transmission and application of new knowledge

4) Innovation finance, output and markets

5.5 Success of innovations
Definition of success itself seems to be a very subjective issue, and there is no 

agreement on this question in the literature. There is a great variety of measures 

discovered by different studies. Most common measures included in the literature 

review by Ernst (2002) on success factors for NPD projects are: financial performance, 

time performance, market share or some kind of a combined index.

However, from both neoclassical and evolutionary points of view, innovative activities 

are meant to contribute towards economic growth (Tanayama 2002). Therefore, it 

makes sense to assume that profitability (or at least break-even) is a significant 

motivator for firms to innovate.

Evidence tells that while innovative firms usually have higher sales figures and market 

shares, but not always higher profits. Some studies have shown adverse effect of 
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product innovations on profits, while others suggest positive correlation. (Niininen and 

Saarinen, 2000).

5.6 Previous empirical studies on software innovation
The first empirical studies of innovation (including high-tech sector) were done by 

Myers and Marquis in 1960s. Since then, a numerous studies, such as SAPPHO 

described by Rothwell et al. in 1974, NewProd I and NewProd II by Cooper and 

Kleinschmidt in 1980s, Stanford Innovation Project, as well as other regional and 

national surveys made it possible to determine success factors for innovation projects. 

(Palmberg 2002) Most of them analyze new product development projects, and discuss 

different critical success factors. According to Ernst (2002), the number of studies on 

NPD success factors have grown up to 50 publications per year in referred international 

journals. Several national-level and EU-wide studies have been carried out since 1990s 

in order to set the basis for international comparability, resulting in e.g. the Oslo Manual 

published by OECD in 1997 (Evangelista et al. 1998, Trott 2005).

The most prominent result of Sappho study was the importance of market orientation - 

understanding of user needs was the clear discriminant between successful and 

unsuccessful projects. Size of project team, external communication and seniority were 

important as well. (Rautiainen 2004)

NewProd I study also emphasized importance of market orientation and the proficiency 

of activities carried out during the innovation process. A more detailed study, NewProd 

II, confirmed the previous results and showed the importance of the preparatory work in 

the earlier stages of NPD process as the decisive for the success of new products. (See 

"New Product Development" section earlier in this paper) Later studies agree: market-

orientation and customer involvement is important; from the organizational perspective, 

cross-functional and external communication, supported by the motivating 

organizational culture contribute to success. (Ernst 2002)

The latest nationwide innovation survey in Finland was the SFINNO project. Sfinno 

database contains basic data on about 1 600 Finnish innovations commercialized during 

1980s-1990s and more detailed surveys of over 800 innovative forms, with about 10% 
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being software producers. (Palmberg et al 2000). Project results support the significant 

differences between software and other industries in Finland (Toivanen 2000). See the 

previous sections on software innovation for more details.

Even though fifth-generation SIN model is still under development, its basic framework 

has been empirically tested in Finland during the Sfinno project. Five variables have 

been analyzed:

1) strong linkages with leading customers - "early adopters" in the diffusion curve

2) strategic (vertical) linkages with primary suppliers

3) horizontal linkages

4) product design combining the old with the new

5) speed of development.

Sfinno research also noted that the SIN model can predict profits of the firm, as well as 

the quality of a innovation process. In this case, quality is measured in terms of patents 

and use of new technologies in the development process. The following model was 

estimated: 

(1) PROFIT it =α+X SINit
β 1 +X inno β 2 +C it β 3 +εit ,

where XSIN is the vector of the variables suggested by the SIN model (customers, 

suppliers, joint R&D, break-even time), Xinno denotes properties of an innovation (new 

technology, complexity, integration, core technology) and Cit is a vector of the control 

variables (size: profits and staff, patent rights, and newness to the world). Importance of 

these variables has received a good support from empirical analysis. In particular, 

foreign competition was seen as more important than domestic; but when it comes to 

customers, domestic customers are seen as the most important collaboration partners. 

(Niininen and Saarinen, 2000)

5.7 Analysis of innovation measurement
There are several approaches to measure innovation at the firm level. Some of them 

view innovation as a time-bound project, while others view it as a continuous process.

It is possible to measure innovation based on input, output or activity level indicators, 

but such measures do not give as full picture as multiple indicators would. Many 
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