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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 %come
ﬁne%lcial failures. The investments into innovativeness and creativity do not always
bring as much return as expected. Therefore, it is useful to discover the facgs that

determine which innovations have higher chances to succeed.

There is much literature that describes such factors for manufacturingom@nies in

]gerQal, 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 %r the new

sofﬁare development process. - =

The empirical research was conducted by sending a standard online %estionnaire to
200_sbftware producers in Finland. In total, 39 responses were collected, a@?)O of
them were usable for statistical analysis. 20 responses were used for &'e regression
analysis.

o B
The results show that use of prototyping techniques contributes to overall success of
the projects. In addition to that, close cooperation with customers (uging linked design

systems) contributes to the financial success of the projects. @
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Iy dntroduction
O

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

and méthodology.

1.1 Research background =

Sevgral 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
I%o not bring as much return, as companies invest in them. (Andrew and Sirl@ 1993).

Thellgore, 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

techﬁlogy-intensive companies. Software industry is probably the best representative
Iﬁf dynamic hi-tech industry, with a high rate of product innovation and global

operations. (Nambisan 2002; Toivanen 2000) ] -

L]

N O]
1.2 Research objectives

I:"IFhisl_I_;toject has two objectives: firstly, it aims to determine the factorﬁont@uting 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

|gerfomrmance of firms. The possible success factors are drawn mainly from thel review of
papers written in English and published in the peer-reviewed academig journals. The

[ factqrs are then tested empirically with the help of a questionnaire sent to Finnish
software producers. L] =

(1.3 Empirical method =

This study is based on collecting data through an online questionnaire from @ovative
|joftware producers in Finland. The objective of the survey is to gatheﬁe data about
practices used in software development projects, and the success of the projects. The

data were further analyzed using statistical methods. ] g
L]

1.4 Structure of the thesis

The first few chapters of the thesis explore the literature related to innga‘[i : Chapter 2
|%escribes 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

]
1 O H

] ]
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specifics of software product development process. Chapter 4 goes on to draw a link
|%etw@n 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
dramework for the study, followed by a more detailed description of the res@‘ch

objegtives. | analyze the results in Chapter 7, and present the conclusions in Chapter 8.

|q‘he final part of the thesis consists of the list of references and appendices. [
(I
[ Happy reading!
=
]
]
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[ 2 I:\{Vhat is innovation?

O]
]

This[chapter defines the concept of innovation based on contemporary theories. Here |
review the literature from economic, project management and marketing po@s of view,
|gnd present several models of the innovation process. I also point out the similarity and

o L . .
difference between innovation process and new product development.

L]
2.1 Definition —

In o@r to understand how to measure software innovation, it is important to
[_dnderstand what innovation is innovation, and how it is described in the literature. In

the gﬁleral sense, an innovation is "development and implementation of ne@ideas by
|jeople 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 pfodesses, and incremental — improved products or processes, witlﬂnp@ements
being done continuously. Functionally, innovations can be categorized as product,
process, management, organizational, marketing, and service innovatjons. (Trott 2005)

i =
By impact on markets, innovations are categorized as sustaining — wliigh improve

[ glregdy existing products and disruptive — that significantly change the industry or even
create a new one. They often "disruptively" reshape the whole supply Eﬂain@d related
industries, thus the name. Sustaining innovations move technology along the S-curve
(cumulative technology adoption), while disruptive innovations creatd-anew one.
(Christensen 2003)

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

[ Manual (OECD 1997) describes technological product and process im%lvations as
"implemented technologically new products and processes and significant technological
improvements in products and processes". Organizational and marketing im%/ations

are not included in this definition.

O
]
3 O H
[ O



L1 O
]

|Q‘PP@novation activities can be successful, aborted and ongoing. A TPP innovation has
been implemented successfully, if it has been introduced on the market (pro@ct
[ihnovation) or used within a production process (process innovation). TPP innovations
involve a series of scientific, technological, organizational, financial and commercial
Cactivities. (OECD 1997) O
L]
Some researchers (Van de Ven 1986) argue that separating technical and organizational
innovation results in fragmented classification of the process, and therefore @ey should
be ccl):nlsidered together. Other researchers (Becheikh et al 2005) recommend to consider
[_them separately because evidence suggests different determinants for product and
procesp innovations. For the reasons of simplicity, this paper deals with only new (to the
ﬁ innish market) successful or aborted software product innovations, and also takes into

B

consideration the management processes in the firms. [

L]

1 m
2.3 Economics of innovation
Innolvdtion is means by which a firm gains a competitive advantage oyey its@mpetitors.
Generally, productivity-enhancing process innovations give cost advantage, whereas
product innovations bring monopoly position in the market for a certafmperiod. (OECD

|:11997|):]Fr0m the macroeconomical point of view, there are two most widely Eepted
theories: neoclassical and evolutionary. 1

L1 O
Neoclassical approach, originally developed by Solow, determines iﬁﬂ)vag as
"effectiveness of labor". External technological change makes labor more effective and
contributes to economic growth. Modern theories also emphasize imp@ance of internal
factors, such as accumulation of capital, which also includes human capital and

|Qnowledge. The neoclassical view mostly considers technology and egllomy
separately. (Tanayama 2002)
mil=
[]

Evolutionary approach has originated from the Shumpeterian definition of innovation.
|:I|t focuses on the dynamic process behind the technological changes, and is

characterized by firms searching for the best action (rather than havin&found it). This

]
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approach focuses on the role of competing entrepreneurs, as the active drivers of
charlgd. Schumpeter argued that innovations are new ideas that have been
commercialized by entrepreneurs, and thus are important for economic grov@ —nota
[_deparate external factor. Innovative entrepreneurs destroy the macroeconomic
equilibrium being formed by existing technologies.
- O]
He magde distinction between invention, innovation (mostly referring to technological
innovations) and diffusion of innovations. From Schumpeterian point of view, invention
1s just an idea or a model, whereas innovation is a commercialized inventioE)iffusion

desc%es spreading of innovations within an economy. (Tanayama 2002)

]
2.4 Models of innovation process &

Acc%ing to R. Rothwell (1994), manufacturing companies have been going through

Cfive generations of innovation process since 1950s:

- =
]
1 1) In1950-60s, the innovation process was represented by a “teclﬁf)logy-push”

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

(] emerged, and resulting in higher employment and consumer b@n. Selentific

L]
discovery led to product development and commercialization.
: . [ ]
|:| ml sEi%Sr'llge — Enegsilr?ge?irr‘l::gl = Manufacturing —={ Marketing |—= Sales E
L]
O O Figure 1. Technology-push model, from Rothwell (1994)
o B
B 2) As the employment grew slower, but productivity continued to rise, the next
generation of “market-pull” model appeared. The general idealbéhind the model
is that technological development and engineering activities should %pen in
] response to market demands. This model assumes the same lin@rity as its
predecessor.
= —
 —  E—
[]
Market need [ Development »[ Manufacturing - Sales
—
[ Figure 2. Market-pull model, from Rothwell (1994) E
]
[]
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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 f@esz

[] 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 a% 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. (Ra@ain%ZOM)

I

Mew Meeds of society
nesd [ and the markstplace

Cf /l | | |

\ Research, Marksting .- \
Idea les| desian and Prototype a arket-

| generation 77 develoament production sa?gs place .-l

\- / - : .. ' /
i I/ “ | | = h@/

¥

Sem-Manufacturing je-s-

g‘m' ot | State of the art in technclogy and production El
(I
Figure 3. Coupling model, from Rothwell (1994) ] @
1
—
RESEARCH @
KNOWLEDGE ]
! INVENT | i i
POTENTIAL | AND/OR | DETAILED | REDESIGN ! DIS'E:FL’T ﬂ
MARKET | PRODUCE | DESIGN AND | ANDPRODUCE !| ANDIMARKE
A ANALYTIC TEST Y p
\./  DESIGN o/ i s
- | — — | B | — — 4_:: :-*'..-L.
— —_ ——a—— L

— T E
— =

Figure 4. Chain-linked model by Kline and Rosenberg, from Tanayamla (2002)
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4)1 Emergence of global strategies, lean manufacturing and prototype development
has inspired development of the integrated model of innovation prodgls. 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 anc:

[] competitors in the innovation process.

|I Marketing

O

I
|| Research and development

L] | | Produc] development

| Farts manufactune (suppliers

|
I
|
|
| | Produption enginegring |
|
|
|

|
|

- | | Mapufacture
| | | . .
| Joint group meefings (engineersimanagers)

A A A A A
? g

O Marketing Launch

Figure 5. New product development project diagram, from Graves [1957)
O o B
5) Finally, Systems integration and Networking (SIN) model or the Fifth
generation of innovation process was developed by Rothwell ({%94). SIN is a
M more comprehensive model that considers multi-institutional networlkinhg,
horizontal and vertical integration, as well as means of electro@ data
O processing. Importantly, it provides a framework suitable for measuring
different aspects of the innovation process: 24 general success@cto@ranslated
into key strategy elements that interlink with enabling factors:
]
Underlying strategy elements: @
. Time-based strategy (faster, more efficient product developmhent).
«  Development focus on quality and other non-price factors.
- Emphasis on corporate flexibility and responsiveness. O g
+  Customer focus at the forefront of strategy.
. Strategic integration with primary suppliers.
« Strategies for horizontal technological collaboration.

« Electronic data processing strategies.



« Policy of total quality control.
L]
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 effe@ve
decision making:
. greater empowerment of managers at lower levels
] . empowered product champions/project leaders =
« Fully developed internal data bases:
. effective data sharing systems ] =

L] « product development metrics, computer-based heuristics, expert systems

« electronically assisted product development using 3D-EAD systems and

simulation modeling
O o =5
« linked CAD/CAE systems to enhance product development flexibility
and product manufacturability
L]
(1. Effective external data link: =
« co-development with suppliers using linked CAD systegs
« use of CAD at the customer interface
]

. effective data links with R&D collaborators O E

The model emphasizes the importance of including the innova'ﬁn into the
strategic planning process. It says that innovation is mostly a networkihg
(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 ord¢rito a@ieve

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) .
L1 O

2.5 New product development L =

While innovation is a continuous process within an organization, new product
development (NPD) projects are the core product innovation activitiesIN eﬁroduct
development is a process of developing new products from the initial idea t

Cfinished output. (Trott 2005) ]

o =B

€

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

1) Departmental-stage models -

] These models represent early, linear approach to innovation. Each d@lrtment

plays its own limited role in these models: R&D provides ideahengineering

]

9 O
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]

department develops prototypes, then manufacturing mass-produces the product

[ and finally marketing department launches it to consumers.

O

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 breaki% 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 decisio& to pejmade.

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

L]
7 Convers =
5) Conversion-process models

These models view the NPD as a number of inputs (tangible andjintangible) into
7 and outputs (products) from a "black box".
o B
6) Response models
Response models focus on the behavior of individuals and org%‘izations in
response to new ideas and project proposals. They are useful in analyzing factors

that influence decisions to accept or reject proposal. =

mil=
7) Network models
The most recent generation of models, they emphasize accumtﬁtion of inter-

disciplinary knowledge over life of the project. External linkages ar@nportant,
as they facilitate accumulation and development of knowledger# the

10 O H
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organization.

]

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

]

[_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 (EHQ 2002: 8).
Theirfater research also notes the critical importance of preparatory work in early
stages of innovation process (see "Phases of innovation" below).

L] O
Emsg2002) 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 ogustomers

] into the NPD process does not contribute significantly to success. Many
researchers found the crucial importance of pre-development @Viti&
L]
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 posEnlive gluence on
the success of new products.
]
E Role and commitment of senior management: "management's ﬁter@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 arsyiccess factor
since strong management support means that a particular project wilot be
M stopped despite the resistance. It might also be disadvantage, it is for the
benefit of organization to stop the project.
mil=
5) Strategy: generally, the existence of the NPD strategy is regarded as a success
factor by itself. L]

O =

Cooper (1999) argues that cooperation with customers is very importai@ for success of

]
11 O H
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innovative products. However, Christensen (2003) suggests that listening to customers'
voick s not always the best way. He shows how many disruptive innovations
disregarded by successful companies (and their customers), eventually becomé

Eucc%sful and dominate the market.

2.6 Phases of innovation O]
[ dome researchers (Herstatt at al 2001, Kim and Wilemon 2002, Koen 2001) divide the

[, . : . )

innovation process itself into three interlinked phases or subprocesses: front-end
[Tnnovation, new product & process development, and commercialization. K@l 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.

=
]
m INNOVATION PROCESS
'Front-end innovation ": INew product development | | o |
[ [
|:Ii Udnstructured : [ Formal : ICommercialization :
[ [
| Unpredictable : : Structured : : Marketldiven :
: Idea-driven : : Tools-driven : : Selling of ideas :
! Iy b ;
L | [

]

I%re—selection of ideas Development of ideas

ESSENTIAL SUB-PROCESSES

]
Customer need

assessment R&D perfdrmance Diffusion of
] echnology measurement innovations
O B
evaluation
L] Project ]
selection =
] ]

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

o =B

|%‘ront-end (also called "fuzzy front-end", FFE) activities include such stages as idea
generation and assessment, concept development and market researchf They are

[_donsidered "fuzzy" because the uncertainty level is so high, that it is difﬁcu@o predict
how the project will look like. The main goal of the FFE phase is to rddiice uncertainty

]
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by gathering technical and market information. No matter what drives innovation, the
eci$idn is usually made in this phase to start development activities or cancel the
project. (Herstatt et al 2001) ]
L]
Front end is the most risky, and the most critical innovation phase. Study by Kim and
dv ilemon (2002) show that organizations successful in managing FFE have Qher
probahility for success in the whole innovation process. They focus on a few important

issues to attract management's attention:

L] N : .
« Speed and reliability of collected information: a successful compan)gan balance
proper selection with speed of selection. Competency and motivation of the
] research team are considered very important.

-
O

o Cross-functional and external communication: timely involvement of various
functional groups, and active use of external sources of knowlédke lg(es

[ research more effective.

1 m
"0 Fit between projects and the general strategy: screening of ideas shogi be based
] on what the company wants to achieve, rather than what can be'::ellchieved or what
customers want. Both management and the research team should be aware of
] [Jeach other's goals. - =

Knowledge management: documenting the whole process and learning form past

[ i
mistakes. - =

[ Commercialization is a process of introducing the developed producgo the market.
Commercialization is diffusion of innovations in a more narrow sense, implyihg
[tponetary return, whereas diffusion in general can mean for example, diffusion of non-
profit innovations and ideas. (OECD 1997)
mil=
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
|gventually leads to adoption. (Rogers 1962 in Midgley 1977: 26). Rogers ar%
Shoemaker (1971) mapped the distribution of the technology adoptim@) the bell curve.

]
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O Figure 8. Adoption of innovation, from Rogers and Shoemaker (1971) in Midgley 1977:39

=
I:l . . . . .
|:Irater book by Moore (1998) describes implications of this theory for marketing of
technology products. Moore writes that when marketing a discontinuqug innovation, a
company should target the customer categories one at a time (from innovato@ to the late
|QLaj ority). Making the shift from one category to another one needs tolbé done in a

correct time, the "opportunity window".
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Figure 9. "Crossing the chasm" model, from Moore 1998:131

- o =B

Moore suggests that the most critical time is the move from early adolﬁrs to early
[ajority ("chasm"), and that is when many firms and technologies fail. To '@)SS 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
othets] The most effective to way to attract "pragmatists” (early majority) is to establish

market leadership, preferably in a niche market. O

]
2.7 L1 Analysis of innovation literature

Innovations are the primary source of competitive advantage for firms. Theﬁare many
[ different classifications and views on innovation in the current literature. Seems that
innoxlr:]ation research has evolved from two sources: macroeconomic theories developed
[in the beginning of the 20™ century, and NPD project management research@be former
studﬁlrivers 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. =
L]
L ¢urrent research on innovation models shows that successful innovati%l process
depeﬁls, mainly, on two capabilities: to take advantage by integrating existing
[technologies, and to network effectively (both inside the company and@xtemally).
Knowledge management as an important tool, and the organizational structure as the
I:lcont@t play very important roles in the process. Numerous case studiﬁin 1@6
corporations (Hustan and Sakkab 2006, Iansiti 1998), as well as the learnings from
Sfinno project (Toivanen 2000) support this point. ]
mi =
Success of innovations correlates significantly with the success in early] front-end
[stagesy 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, et also market
successfully. The research suggests, that successful commercialization of a technology
|Qan be achieved only if target markets are approached one-by-one, frola| more
technologically enthusiastic segments to the majority. The best way to I:alttra%he

[ Thajority is to become a market leader in a particular niche.

]
O =
]
]
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[ 3 dnnovation in software companies
O

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

well[ad peculiarities of software innovation.

3.1 Definition L

Sfinyo) project defines software as "written code (instructions) dictating the operations
of a computer". The commercialized software innovation is a product which, in broader

|%eﬁnition, also includes embedded applications and new algorithms that enQe
inteéﬂtion of existing software products. (Toivanen 2000)

[]
3.2 Software products industry ]

The kéftware industry is a typical high technology industry with "high rate of product

Cdnd process innovation, high knowledge intensity, rapidly shrinking product and
techlllzollogy life cycles, global market, intense competition, and highly dispefsdd value

[ghains." Software products can be categorized into incremental "minoHoftware
products" and radical "major software products". Minor software products carry out
mindr tasks or complement larger products, such as various utilities aﬁ ad@=dns for
office packages. Major software products are comprehensive and usually stand-alone,
for example enterprise resource planning (ERP) solutions and word-progessing

Irszloftv%t]re. (Nambisan 2002). =

]

[ Camphell-Kelly divides the industry itself into three sectors: software contractors,
corporate software producers, and makers of mass-market software pr@ueté hey
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 fantily, and mass-
market products made available through IBM PCs. The European software Erket

|j}lagged the US, and therefore was mostly dominated by American con@lnies.
(Campbell-Kelly 2003)

- mil=
1970s and 80s were marked by enormous growth of once small entrepreneurial
companies such as Microsoft and Apple. Nowadays, software industry is qui

turbulent, following Shumpeter’s Mark1 pattern of creative destruction (Toivanen

]

16 O H



L1 O
]

2000). Mark 1 is characterized by ease of entry, and high number of small firms
gendrating innovations and reshaping existing technological structures (Tanayama
2002). ]
L]
Most of the data on Finnish software industry comes from the annual National Software
I:I,ndustry Survey conducted by Helsinki University of Technology (Helsink@ niversity
of Tgchnology 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
QO04 was 1 190 M EUR, of which about 34% comes from export. Majority% firms in
the ir%ustry are rather immature, small business startups. (Helsinki University of
[ Technology 2005) Although the number of computer-related startups has been
decr@ing by 2004, the net ratio (openings vs. closings) remains positive, more than
|j5% in average (Statistics Finland, 2006).
L]

The |&Irvey of Finnish software producing companies (Helsinki University of
|q‘echnology 2005) reveals several characteristics: L
"0 Majority of respondents are small and medium enterprises (SMEs): E average
L] revenue was 3,6 M EUR, while the median revenue was only (% M EUR. About
half of the firms generate less than 1 million EUR, while 28% generate more

iy ]
M 1 than 3 million EUR. @

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

L]
their overall share in revenues is 58%. Majority of internationaﬁ:on@nies are
large, whereas firms targeted on domestic markets are smaller (by revenue

]
category). ]

—

] *+ Ageofthe 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 citi@ Most of
the respondents (86%) are geographically close to technology kehters and

17 ni=
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]
technical universities.
- L]
The nature is entrepreneurial: in average, 73% of the firms are owne@y
] founders and their family members. Average share of foreign capital is only
4,2%.
- O]

] 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.

L]
L]
3.3 Software innovation =

Acc%ing to literature, innovation process in technologically intensive companies
Ij(Iincluding software), is distinct in several ways: 0
'O Availability of employees with specialized knowledge and experierce]in
] science and engineering is a very important internal factor. Reﬁts from the UK
shows that science and engineering background is seen as more important in
(] comparison to practical technical skills or general managerial ﬁpab@ies. Most
likely, this creates a precondition for technological learning in smaller hi-tech
firms. (Romijn and Albaladejo 2002) ]
i =
Access to information sources (e. g. a regional science base) i cbnsidered the
[] [Jmostimportant external factor. Many UK firms seem to be spin-offs from the
public research labs and still cooperate actively with them. Ins@utio@l funding

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

]
Albaladejo 2002) O =
L Cooperation between marketing and product development fungons is very
important for success of innovative products. Researchers indicate higher
] success rate among the products driven by market needs, rathel;ghan
technological opportunity (Cooper 1999). On one hand, markel%rllg function links
- research and development activity to the corporate strategy, thus making it
relevant to the overall direction of organization. On the other hla:rlld, it serves as a
L]
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]
channel of communication between users and developers. (Workman 1993)
- L]
« Persistence of the "creative destruction" type of innovation (Toivan@OOO). In
] high-tech industries the disruption innovations happen more often, and pass
quicker (Christensen 2000). For example, Meyer and Selinger (1998) argue that
m monopolies cannot sustain their position for long, unless they contin@usly
[] 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 com%nents.
This theory is based on idea of network effects in software industry — value of
] technology increases, as more users adopt it.

-
O

o Low cost of reproduction, wide variety of pricing and licensing schemes. Low
cost of copying is a potential risk for commercial off-the-shelflsdftware (piracy),

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

L] : o :
effect of patents on software innovation is still going on w1th0@any clear result.
However, empirical evidence shows that IT companies use patents fﬁstrategic
] reasons (such as marketing, benchmarking or barriers to entry)gather than
protection of intellectual rights. (Valimaki 2005)
L]
i =

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 softﬁ)re @0 three
main groups: "entrepreneurial start-ups operating on the technological frontier, small
[dnd medium-sized software firms specializing in one or a few softwarﬁ)roducts or

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

[activity." ]

Main conclusions of the Sfinno study (Toivanen 2000) give an idea abhont F@lish
software innovations:
1) The most innovative software companies are small (< 10 empliyees), young (<

[ 4 years) and have moderate turnovers (< 5 mil. FIM"). This goes in 1@ with the

]
1 1 Euro = 5.94573 Finnish Marks, as fixed on 31 December 1998
]
19 ni=
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]
general characteristics of software industry (Helsinki University of Technology
- L12005)
]

[] 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
m kinds of innovations, but in software industry availability of new tec@ologies
[ plays crucial role. On the other hand, competition and regulations are not as
important as for other industries.
L] O
g’)j Half of the innovations are commercialized within 2 years, and 55% were
[] profitable. About 60% of commercialized innovations were exported.
L]
] 4) There are subtle differences in collaboration and linkages to public policy.
Majority of software innovations are developed with funding d£bubli
L institutions, especially Tekes (Finnish funding agency for technology and

- innovation). Public research is also very important, more impo@ant than for
innovations in other industries. Collaboration is crucial, and the mos@igniﬁcant

] partner is customer. However, the way of collaboration varies %pending on the
firm profile and the technology. -

i =

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 contribE?d t@oftware

innovations. (Toivanen 2000)

[]
3.4 Analysis of literature on software innovations

Software industry has been developing very quickly for the last 60 years. M%tly this is

]

|Que to low entry barriers, which results in a very entrepreneurial natulje_—l)f the industry.
Software industry also features a very high number of disruptive innovations.-Therefore,

[ some researchers name development of platforms and standards as an %lnportant factor
for success. According to surveys, software companies find access to t&chnological

|ﬁnowledge and link between production and marketing as the most importa%focus

areas. I:l
]
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|%oft@re producers in Finland seem to be highly centralized, less entrepreneurial and
more dependent on public policy. Following the globalization trends, more boftware

Gom%nies 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 che case
of saftware industry.

|%oftware innovating firms in Finland seem to concentrate geographically argnd
univglsities and knowledge centers. Most of them are small and focused on domestic
[tharkets. Bigger ones export significantly. Collaboration with leading customers seen as

Very@portant 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
desckibes the most commonly mentioned risk factors, and shows the link between the

concept of risk and the concept of success factors. O

]
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, ris@arises

wheghere is a probability of an unfavorable or uncertain outcome.

]
4.2 Risk factors in innovation =

As ay activity with highly uncertain outcome, innovation is inherently risky. Every
|gtep in the process (invention, integration, development and commercialization) bears
probl%)ility of failure. Both internal factors such as creativity and knowledg¢,as well as
[gxternal factors, such as competition and regulations, affect those prot&lﬁilities. Risk of
new product development arises from the fact that organizations usually need to make
largé ihvestments into the R&D process, but the return on investment @me@nly after
(and if) the product is successfully commercialized (Trott 2005).
L]
IrIkeiz‘e:r], et al (2005) have categorized 10 types of risks in product innovatior@oj ects on
example of fast-moving consumer goods industry (listed by frequencyof perception,
[ Jescending order):
1) Consumer acceptance and marketing risks (Communicating thﬂlew@oduct to
target consumers)
- 2) Organization and project management risks (Organization andisdanagement of
the project)
L] 3) Product technology risks (Stability of the product, while in sto%e in production
plant, in shop/warehouse, during transportation or at home)
[] 4) Manufacturing technology risks (Quality and safety requireme%ls of%oduction

system: facilities and personnel)

[ ]
5) Supply chain and sourcing risks (Constant and predictable quality oglpply by

] .
suppliers) -
L]
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]
6) Public acceptance risks (Possible negative external reactions by key opinion
D L] formers or interest groups)
7) Manufacturing technology risks (Adequate production means, equip@nt and
] tools, are available when needed)

8|):| Product technology risks (New product fulfills intended functions)
m 9) Commercial viability risks (New product meets consumer standards Qd
[] demands)
10) Consumer acceptance and marketing risks (New product’s appeal to generally

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

]
4.3 Risk management =

Whilelit is not possible to eliminate risk at all, it is possible to manage it. Keizer et al.
Ij(‘2005) also described popular innovation risk measurement and mana]g_glment methods.
Theiﬁtudy has shown that managers see risk diagnosing methods as helpful-and would
[integrate it into their project management process. -
Litefafure on software project management also mentions risk manag@ent@;r
example, Futrell et al. (2002) emphasize importance of conducting a proper risk
assessment before starting a project. Their risk categories are: ]
L] ll):] Mission and goals: fit of the project into organizational strategy =
2) Organization management 1
1 37 Customer: meeting end-user needs

4) Budget/cost [ =
5) Schedule

]

6) Project content: additional artifacts, such as documentation O

7) Performance @
L 8) Project management L

9) Development process

[] 10)Development environment

11) Staff
12) Maint -
O ) Maintenance E
]
[]
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Managers should consider the stage the measurement is made, because the definition of

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

deeper understanding of the factors critical for the innovation process is im@tant for
Eetteﬂ)roject selection and process management. (Rautiainen 2004) The next chapter

deals with innovation measurement in more details.

O
QA Analysis of risk-related literature

Innovation is a very risky process: the output is uncertain, and investments might be
[ targe. Avoiding the risk is impossible and even not advisable, but wise risk prgnagement
can bring significant benefits.
L]
Risk management consists of assessing the risk structure (types of risks), chogsing the
righgsk management methodology (based on most important risks) and using controls
Lo minimize the negative effects of the risks. There are various risk mal%lagement
metlﬁiologies and categories of risks suggested by different authors. =
] O
Deeper insights into the measurement of innovation process will shed more light into

I:tlhe factors that mangers should consider in order to minimize the riskﬁ failute.

O
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) d—low to measure innovation activities?
O

This chapter is about measuring the innovation process: why do we need to measure it,
how[dd we measure it, and has anyone tried to do it earlier? I also discuss the definition

of success and the controversy surrounding it. O
]
5.1 0 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 con@[ive
acti(l% they need. In other words, "what gets measured gets done". (Trott 2005)
L]
Howﬁer, one can effectively measure something only if there is a set of measures,
|:‘vlvhich 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 impltant to describe
precisé measures of success, in the framework of a particular model of innovation. In
|:allddition to that, every industry and every organization have their ownlfdeus areas,

whicl%lhave to be taken into account when designing a measurement systemé)avila

[3006) —

Ijs sgen from the literature mentioned in the previous chapters, there arEeI twﬁifferent
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,

I:a]md Eriving critical success factors. Measuring a process is not that strEaligh@rward,

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 activitg, and

]

|Qiewing each activity as a time-bound project. For example, OECD (@7) defines the
main activities involved in innovation:

] R&D, other acquisition of intangible knowledge, acquisition ofl:I g

machinery and equipment, various other preparations for

production/delivery, including tooling up, staff training, etc., a;lg|

L] marketing. Of these, only R&D and the acquisition of machinery
incorporating new technology are automatically TPP innovation
L]
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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

no@r 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.
[dverage quantity of certain variables per unit of time. (OECD, 1997; Hagedoorn and
Clod@, 2003) Some innovation studies measure multiple variables, while some study
|jnly one. The variables include: =
O R&D as a measure of innovative effort,
« patents & patent citations as measures of innovative output,
« product announcements — level of product innovation. -
Thede 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 o‘rjgllcce@ul
Ij}moxlljation with little R&D investment, whereas different industries have different

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

compmercialization phase. (Evangelista et al. 1998) = =
]

5.4 Innovation scorecards
Yet @other approach is to analyze a process from different perspectivlgsl, 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 Bganced

[ 8coredard. Such methods have been used to measure performance of knowledge work.
The idea of quick measurement of multiple factors of innovation has gli__\llen 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. Th%suggests
to identify the processes first, and then assess current innovation practli:cle and
performance, identify gaps, their reasons, and finally define action plans. Chiesa et al.
(1996) distinguish between process audit and performance audit. Proclﬁs a@t focuses

Cdn how the processes are implemented and managed. Quick "innovation scorecards"
and more in-depth analysis can be used for process audit. Performaneejaudit needs

[analyzing results of each process stage, and then the sum: the global innova@n result.

O
]
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Cormican and O'Sullivan (2004) draw on this idea, and suggest to use a product
innokdtion 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 O
571 Communication and collaboration
Each of the factors presents a set of 10 questions, each of them evaluated on 1 to 5

O

score.
L]
LA similar idea lies behind the Innovation Scoreboard developed by the European
Con@ission in 2003 (Trott 2005). It analyzes data from the EU counties oné
I:'tpdicators in four areas:
1) Knowledge creation Ll

B

iﬂ Human resources
[] -

3) Transmission and application of new knowledge

4|_)__I Innovation finance, output and markets
o B
]

5.5 - Success of innovations ]
IrI‘)eﬁnition of success itself seems to be a very subjective issue, and there is E

agreement on this question in the literature. There is a great variety oflmieasures
[discovgred by different studies. Most common measures included in the literature

review by Ernst (2002) on success factors for NPD projects are: finantidl p%rmance,
|:tlime performance, market share or some kind of a combined index.

]

However, from both neoclassical and evolutionary points of view, innovati\%ctivities
|gre meant to contribute towards economic growth (Tanayama 2002). ﬁerefore, it

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

]

[ thotivator for firms to innovate.

]
|:Frvidence tells that while innovative firms usually have higher sales figures %i market

shares, but not always higher profits. Some studies have shown adver%effect of

]
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product innovations on profits, while others suggest positive correlation. (Niininen and

|%aar@:n, 2000).

]
6.6 Previous empirical studies on software innovation

The ffitist empirical studies of innovation (including high-tech sector) were done by
Myers and Marquis in 1960s. Since then, a numerous studies, such as SAPP&

[described by Rothwell et al. in 1974, NewProd I and NewProd II by Cooper and
Kleirllzs]chmidt in 1980s, Stanford Innovation Project, as well as other regional and

[ Mational surveys made it possible to determine success factors for innovatiogrojects.
(Palprherg 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 ifii¢rnational
joun@s. Several national-level and EU-wide studies have been carried out since 1990s

b order to set the basis for international comparability, resulting in e. %{he Oslo Manual
publﬂled by OECD in 1997 (Evangelista et al. 1998, Trott 2005). =

1 m
The most prominent result of Sappho study was the importance of market orientation -
unddrstanding of user needs was the clear discriminant between succepsful dnd
unsuccessful projects. Size of project team, external communication and seniority were
important as well. (Rautiainen 2004) ]

m =
NewProd I study also emphasized importance of market orientation amd]the proficiency

[of agtryities carried out during the innovation process. A more detailed study, NewProd
I1, confirmed the previous results and showed the importance of the pteparatery work in

I:tlhe earlier stages of NPD process as the decisive for the success of new products. (See
"New Product Development" section earlier in this paper) Later studi@agree: market-
orientation and customer involvement is important; from the organizational Erspective,

|Qross—functional and external communication, supported by the motivgng
organizational culture contribute to success. (Ernst 2002)

- mil=
The latest nationwide innovation survey in Finland was the SFINNO %oject. Sfinno

|:(?a‘[abase contains basic data on about 1 600 Finnish innovations commercialized during

1980s-1990s and more detailed surveys of over 800 innovative forms, ﬁith about 10%

]
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being software producers. (Palmberg et al 2000). Project results support the significant
|%iffe,@nces between software and other industries in Finland (Toivanen 2000). See the
previous sections on software innovation for more details. ]
L]
L) : _ L
Even though fifth-generation SIN model is still under development, its basic framework

Iﬁas been empirically tested in Finland during the Sfinno project. Five Varial@s have

beemanalyzed:
1) strong linkages with leading customers - "early adopters" in the diffusion curve
- 2) strategic (vertical) linkages with primary suppliers [
g’)j horizontal linkages

[ ] 4) product design combining the old with the new
%9_—! speed of development. =
ﬂﬁnno 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 ir@rmﬁf patents
and bisk of new technologies in the development process. The following model was
]

estimated:

(1) PROFIT ;, =a+X gy ﬁ1+Xinnoﬂ2+C[tﬂ3 ey
O 1, o B

where X is the vector of the variables suggested by the SIN model (customers,
suppliers, joint R&D, break-even time), X;.., denotes properties of an E}Ilovation (new
Ebchg]logy, complexity, integration, core technology) and Cj is a vector of thg control
variables (size: profits and staff, patent rights, and newness to the Wor@. Importance of
I:t]hes?ﬁariables has received a good support from empirical analysis. In particular,
foreign competition was seen as more important than domestic; but wlen it @mes to
customers, domestic customers are seen as the most important collaboration partners.

|QNiininen and Saarinen, 2000) ]

—

.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 conﬁuo@rocess.
L]
It is possible to measure innovation based on input, output or activity E}/el indicators,

[hut such measures do not give as full picture as multiple indicators would. D@ny

O
]
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