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ABSTRACT

Maunuksela, Ari (2003). Product development practices and their organisational infor-
mation requirements — An cxplorative case study of product development management
in somc Finnish companies. Acta Wasaensia No. 111, 252 p.

Earlier empirical resulls on new preduct development success factors and development
performance have shown that a link between the targeted type of success being pursued and
development practices used should be achieved and managed. A strong means-ends type of
contingency relationship moderates the relationship between strategies and development practices
used by firms. A related rescarch problem has been found from the literature, on how the
technological and competitive settings of a firm might impact the uses of product development
practices within a product development process. A more detailed research question can be defined
for the analysis of this problem: How could we analyse different types of product development
practices and their implementation in the product development process of a firm? This question
has been analysed with an empirical case study and the results are described. In this thesis a
means-ends type contingency model framework has been developed in order to test how the use
of different product development practices are perceived and interpreted by the management team
of a product development process. This approach is based on the underlying role of development
orientation to major performance dimensions in product development, A model framework has
been built which utilises an organisational information requirements framework. This enables an
organisational interpretation system perspective to be applied to the evaluation of the roles of
product development practices in the product development process of a firm. Empirical results
from a survey in five case study companies are presented and analysed. Results from the study
suggest that different product development practlices may differ in terms of their use as means to
achieve different types of ends and performance goals in a product development process.
Implementation of product development practices is subject to the perceived uncertainty and
equivocality among teams and groups with respect to orientation towards ihe development goals.
Experience and knowledge in different product development practices can also vary. The results
may add to our understanding about the premises of effeclive implementation of product
development practices. Furthermore, the research and analysis method developed here
complements the earlier ways of analysing product development practices. This is because the
analysis of information requirements related with the use of product development practices does
not have to be limited 1o project based analysis. Different team or group level organisation
mechanisms used in the deployment of varicus product development practices can be analysed in
further studics to find further evidence and verification on the value of the method and related
analysis perspectives,

Art Maunuksela, University of Vaasa, Industrial Management, P.0Q. Box 700, FIN-
65101 Vaasa, Finland.

Key words: product development process, development practices, organisational

information requirements, technological competitiveness, product development
performance.
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1. INTRODUCTION

General interest in product development activities is often characterised by the
continuous hunt for best practices (Griffin and Page [996). This is probably because
many times the imperative of competitive thinking surrounds product development
activities. Key questions analysed in a number of studies have been how success in
product development has been defined and what kinds of development practices can be
associated with elements of success {Hart 1993, Montoya-Weiss and Calantone 1994,
Hart 1996). Analogy in innovation process research is therefore basically that by linking
development practices to types of success achicved it is possible to identify new best
practices for preduct development activities. Hart (1993) has also argued that competitive
impacts of product development should be used as guidelines in the studies of product

development activities and new product development.

This view is an interesting way to look at the product development practices used by
companies. Ittner and Larcker (1997:22) have argued that firms should try to maich their
product development practices to their technological and competitive settings. This thesis
is focused on the analysis of the development practices used in the product development
process of a firm. The goal of the study has been to extend previous empirical findings
where companies have been reported to have used product development processes in
ways where they have been tailored for the needs of a particular project (Tatikonda 1999,
Kessler and Chakrabarti 1999, Tatikonda and Rosenthal 2000). This points us towards the
analysis of product development practices used in development processes. What kinds of
roles and purposes can various product development practices have in processes, and how

do practices need to be adjusted with competitive premises?

This study addresses one of the recognised research gaps in the analysis of innovation
processes. The gap concerns the role of organisational interpretation systems in the
innovation processes of firms (Gales et al. 1992: 329). The thesis is based on the idea that

a firm’s product development process can be seen as an interpretation system, affecting
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the use of product development practices. The theoretical framework of Dafi and Lengel
(1986) describing organisational information requirements has been adapted and used in
this research for the analysis of this kind of interpretation system. Daft and Weick (1984)
and Gales et al. (1992) have defined organisational interpretation systems in a manner
where both an organisation’s culture or some aspects of the information requirements
could be used in the analysis of organisational interpretation systems. This thesis focuses

on the information requirements perspective.

Existing knowledge on the interpretation related issues in product development processes
highlights two central issues. First is that it is important to define the type of success
being addressed in the study of new product development activities. Second is that the
type of strategies and practices used in pursuing a certain type of success are important.
These premises can also be approached from a more theoretical perspective by arguing
that the characteristics of new product success and improvement of development
capabilities in a firm represent a phenomenon that can be described via an organisational
interpretation system. This kind of interpretation process is an example of what Daft and
Weick (1984:293) have discussed in terms of organisational interpretation systems: the
interprefation system view is concerned with specialised information reception,
equivocality reduction and sense making. According to Daft and Weick (1984: 293) there
have been rather few studies on the processes of interpretation. However, they argue as

follows...

“Interpretation may be one of the most important functions organisations perform.
Indeed, the second research implication of the interpretation system perspective is that
scanning and sense making activities are at the center of things. Almost every other
organisational activity or oufcome is in some wdy contingent on interpretation.”

Daft and Weick (1984) have also defined interpretation as the process through which
information is given meaning and actions are chosen. Gales, Porter and Mansour-Cole
(1992:329) have also argued that this kind of interpretation system should be addressed in
future studies of product innovation activities. Gales et al. (1992) have also proposed that
the conceptual framework of Daft and Lengel (1986) could be used in this kind of study.

The following figure illustrates the conceptual framework used in the literature analysis
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for this thesis where the Daft and Lengel (1986) framework has been utilised. The

theoretical framework characterising the approach is presented below in Figure |.

Mulvi-dimensional and
overlapping success
mode] on product
development aclivities,
generic development
imperatives:

-Produci development
performance
-Development conlinuum
in innovalion aclivitics
(Clark and Fujimoro
1991, Hart 1996)

Product

development
practices

Performanee arienlalion
characleristics of effective
developmenl aperalions;
-Consonance and balance
(Norrman 1971)

-Balanced and locused
orientation(Cooper 1983a,
Cusumano and Nobeoka 1996)

An organizational interprelation
syslem [ramework; group level
context lor reduction of
unceriainty and cquivocality.
Typology of producl
development practices (Perrow
1967, Dal and Weick 1984.Dafl
and Lengel 1986):

-rouline technologics
-cngincering lechnologies
-crafi technologics
-non-routine lechnologics

Figure 1. Theoretical framework and conceptual model for the literature review

1.1 Scope of the study

This study has been restricted to product development processes. This is because the
competitive impacts of technologies and markets can be addressed with many important
product development practice level issues within the product development processes of
[irms, and the firm’s business practices, too (Friac 1995, Christensen 1997). Focus on
product development processes may also be somewhat more general than with different
products {Cooper 1993; Dooley and Van de Ven 1999). Accordingly we can also define
here that in this study product development practice refers to different issues than a [irm’s
product development process as a whole. Here, a product development practice means an
approach taken to conduct some product development tasks in a way that is fit for a

company and its development resources.

Earlier studies have highlighted how important the role of middle management can be for
R&D and product development (Allen 1977, Nonaka 1990). It also appears to be an
important issue for the study of product development process that we need to know more
about the ways by which middle management becomes involved in the important issues

of a firm (Floyd and Wooldrigde 1992, Nonaka 1990, Nonaka 1994, Nonaka and
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Takeuchi 1995). One explanation for this is that middle management does have important
responsibilitics for the line controf of the workflows in the context of the processes of an
organisation (Pugh, Hickson and Hinings 1969). Another reason is that middle
management often has competencies in technology and product development practices
(Nonaka and Takeuchi 1995, Barclay 1992b). Thus focusing on middle management
work 1n the control of the workflows in a product development process can help us in the
analysis of the product development practices, too. On this basis this study has been
focused on the analysis of product development process used by firms by addressing the
work of middle management in the implementation and control over the uses of product

development practices.

1.2 Key concepts

This chapter shortly introduces the major concepts used in this study. Concepts have been
listed here alphabetically. The purpose of these definitions is twofold. Firstly, some links
to related literature references have been adopted in order to show how these concepts
have been used in earlier studies, and to show that these concepts are used in a similar
sense in this research. Sccondly, some conceptualisation has also been done in this
research and these key concepts are also listed here. These definitions describe
organisations’ activities and general characteristics of their performance with terms
related to product development. As an example, the idea behind the conceptualisation of
the issues in this research is to address issues related with how companies and their
competitiveness may depend on their product development performance. The purpose is
not to analyse issues like “product development is effective in a specific company
because they might be flexible in their processes™, but the intention is rather to describe
performance in more general terms like product development performance, which is an
outcome of several different performance dimensions of development activities. One
earlier example from operations research literature might be also shown as Richardson
and Gordon (1980) have discussed the purpose and ways of analysing total

manufacturing performance, instead of focusing only on single dimensions of

performance.
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The purpose of this concept list is to introduce the key concepts used in this study.

Alphabetical ordering has been used for this purpose.

Equivocality is related with the different views and ambiguities surrounding a problem in
a given situation. Equivocality describes issues that can have multiple meanings and
interpretations among the members of the group and the organisation (see additional
examples in Daft and Lengel 1986, Sicotte and Langley 2000).

Information processing reduces uncertainty and secondly, it involves also interpreting
equivocal situations (Daft and Lengel 1986: 359).

New product performance is defined as analysis of the new product’s technical and
economical results achieved since the product has been launched and introduced to
markets. New product performance can be measured with different ratios and measures.

New product success is an outcome measure for a product development project. New
product development projects may be either successful or failed, to the extent that a firm
achieves the goals being allocated for each particular project.

Product development has been defined as the set of activities beginning with the
perception of a market opportunity and ending in the production, sale, and delivery of a
product (Ulrich and Eppinger 2000:2).

Product development performance is defined as something that is produced (the amount,

quantity, or total produced) or it is resulting from the act of product development function
of a company.

Product development practice is defined as an approach taken to conduct some product
development tasks in a way that is fit for a company and its development resources. In
this study four different types of product development practices have been used: routine
practices, engineering practices, craft practices and non-routine practices. Definition of
these concepts has been adopted from Daft and Lenge! (1986).

Product development process is the sequence of steps that a firm employs to conceive,
design and commercialise a product (Ulrich and Eppinger 2000).

Product development process performance has been defined here as a relationship
between targeted development goals and the practices being used to achieve the goal.
Process performance then has this operational performance aspect that is also related with
the analysis of means ends relationships in the use of development practices to achieve
specific type of goals for development work.
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Project performance, “Performance in a development project is determined by a firm’s

product strategy and by its capabilities in overall process and organisation.” Clark and
Fujimoto (1991:18).

R&D (research and development) activities/projects include future oriented research and
analysis work where new ideas and technical solutions can be studied before commercial
applications are developed. R&D work often has some overlap with product development
activities but key objectives and important resources may need to be managed and
separated sufficiently for both R&D and product development.

Technology has been defined here as information requirements of technical tasks in the
context of product development process. Four types of information requirements have
been used in the description of such tasks: routine technologies, engineering technologies,
craft technologies and non-routine technologies (Daft and Lengel 1986).

Technological competitiveness means that the company can create technology specific
competencies with the business specific capabilities of the company (Maunuksela and
Takala 1995: 169-171 ). This is a definition that has been developed in empirical analysis
of small firms’ activities in the early stages of their export operations and
intcrnationalisation. In this study, the purpose of the shown definition of the
technological competitiveness is to describe company level performance, not
competitiveness of product or products as such.

Technical superiority is an important success factor for new products. When a new
product is technologically more advanced than other comparable products in the markets
it can be also argued that this kind of new product represents the current state of the art in
particular applicalion where the product is used.

Uncertainty is a gap in the information required for the accomplishment of a task and the
amount of information already known in the phase where the work is being initiated
(Galbraith 1973).

1.3 Rescarch problem

Different types of information flows can be modelled and analysed in product
development processes. It is also an imperative to be able to do this as part of the
innovation work because integration of varying elements of success can enhance learning
for competitiveness (Van de Ven and Polley 1992). Issues of competitiveness and product
development have been studied quite a lot. The nature of new product development and
success in competition has often been analysed through the technical antecedents of new

product success. Variables like technical superiority and technological competitiveness
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have been found to be significant new product success factors {Cooper 1985a, Hart
1993). The argumentation of Itiner and Larcker (1997) can be also used as an idea of how
to develop the thinking on competitive settings in a slightly different way. The point is
that we can actvally delve deeper into the relationships between a new product’s

technological superiority or competitiveness and product development practices.

[t is probable that different product development practices would need to be used in order
to match the competitive requirements. The literature on organisation theory suggests that
this kind of issue might be related with the ways by which information is being
interpreted and how such activities are organised in firms. Thus the basic question
addressed in this study is how could we use organisational information requirements
(Nadler and Tushman 1978, Daft and Weick 1984, Daft and Lengel 1986) for the analysis
of product development practices? The literature on new product development and
organisation theory suggests that a link between success factors and use of development
practices is an important issue in the management of product development activities. The

question can be divided into the following sub-questions.

1) How might the technological and competitive settings of a firm impact the uses of
product development practices within a product development process?

2) How could we analyse different types of product development practices and their
implementation in the product development process of a firm?

There are many reasons behind this kind of research theme. For example, Souder (1978)
has argued that it is difficult to find generally superior product development methods.
Secondly, uses of different product development methods, practices and activities are
often part of an unfolding process where work progresses at the pace of an innovation
project (Gales, Porter and Mansour-Cole 1992). Product development process can also be
seen in broader way, where product development practices might be naturally adjusted on

the basis of uncertainty and equivocality.
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1.4 Research approach, strategy and the structure of the study

This research has been based on an empirical research strategy with descriptive case

studies. We have used both qualitative and quantitative research methodologies (Jick

1979, Brewer and Hunter 1989, Sekaran 1992). Eisenhardt (1989a)} argues that it is

possible to use case studies for the generation of new thcories, and also illustrates a

model for empirical research process, in which it is shown how different case studies can

be used in the analysis of a phenomenon. Yin {1994} is more explicit in how we may

perform a case study in a real-life context. The following figure illustrates the main

phases of this research, Figure 2.

Phase

l. Literature based research idea

Activity Empirical data
W Previous research work (focus)
M

2. Qualitative research interviews

P

ct access 1o firms

e

3. Qualitative research intervicws

/—_ _—_‘-‘-‘-\-\-
Build framework

Firm specific interviews

4, Theme interviews

o Lheme questions

e e ddestions ]
S

Firm interviews, expert interviews

Y

//'_ ]
&mem’ng

6. Group interviews for survey

P

PD process access

WPD process management ieams
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This gradually progressing logic of a research process will be described here shortly in
order to describe the logical structure of the study, More detailed descriptions of phases |
-7 will also be shown in Chapter 3, titled Empirical Research Process. Different phases
of the research serve a different purpose in the research process, which defines the main

structure of the thesis report.

Step |

The original idea for the research was based on the experience of the researcher. Some
previous empirical research projects have been particularly important. A study by
Maunuksela and Takala (19935) focused on analysis of technological competitiveness]
that also became an important research project with some issues related with the product
development of small and medium sized companies. The theme of technological
competitiveness was also addressed in this study. Additional empirical studies were also
reported in conference papers (Maunuksela, Takala and Keskinen 2000, Maunuksela and
Koskela-Koivisto 1997). Research by Loch, Stein and Terwiesch (1996) was also very
important for the decision to focus on the product development processes in the
electronics industry. Some ideas related with the topic were successfully tested in a
preliminary case study project where product development activities were analysed with
some ideas from manufacturing strategy literature (Maunuksela 1997). Questions
analysed in the initial phases of this study explored the applicability of a particular type
of manufaciuring performance management framework in product development.
Empirical research work was then launched with a working definition of the goal of the
research defined as “competitive priorities in product development”, using ideas from
manufacturing strategy literature (De Meyer, Nakane, Miller and Ferdows 1987; Leong,
Snyder and Ward 1990; Noble 1995, Takala 1997).

! Technological competiuveness means Lhal the campany can creale technology specilic competencies with the business specilic
capabilities of the company {Maunuksela and Takala 1995: 169-171)
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Step 2

The next phase in the research was focused on the preparation of a detailed research plan.
This plan was also used as a document when access to different industrial companies was
being negotiated. Access was eventually gained to a number of firms. Different case
companies were used as environments where it was possible to study their product
development activities by interviewing the managers of product development process.
Especially the contacts with casc companies 1 and 2 were used in this phase to help the
researcher in the building of pre-understanding of the research issues (Gummesson 1992).
These interviews were also used in the detailing and definition of the research question.

More focused and crisp definition of the research issues seemed to be necessary.

The results from step 1 and step 2 enabled a more precise definition of the research task
in this thesis. These phases of the research process can also be characterised as quite
hermeneutic and qualitative (Alasuutari 1993; Steyaert 1997, Steyaert and Bouwen
1997). It was important that the researcher’s conception of the research problem was
redefined and developed into a form of research framework. The notion of competitive
priorities was abandoned as a framework and a more focused review of product

development performance was now targeted.
Step 3

The idea of the competitive priorities in product development processes was found to be a
similar type of problem as the multi-dimensional and complex nature of new product
performance dimensions. Performance driven analysis of product development activities
was analysed with questions such as: how can we deal with questions of competitiveness
before a firm has launched its new products onto the markets? It was then discovered that
a more focused and limited research framework would be useful. Different types of
performance dimensions related with product development activities were analysed by
means of literature review and empirical interviews. It then became evident that these

results were often restricted with different types of constraints and contingencies. In a
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synthesis of both literature and interviews in cases 1 and 2 it became evident that it could
be possible to conceive the meaning of “competitive priorities” by analysing the impacts
associated with good management practises on product development processes, and the
relationships between practices used in product development. This phase led to the
development of the conceptual framework discussed in Maunuksela (2001) where some
generic performance dimensions for product development activities were addressed.

Iigure 17 in chapter 3 shows this conceptual framework.

Step 4

Definition of the conceptual framework gave improved structure to the issues being
analysed. Now it also became important to look for relevant literature where issues
related with thesc performance dimensions like technological competitiveness and
product development performance were addressed. Some references were found from the
literature, but it was also becoming evident that different studies were using varying
definitions and measures for these concepts. No particular definition was seen to be
superior to others. The ideas behind this research had been related with multi-dimensional
performance dimensions via a notion of competitive priorities. A similar imperative to be
able o make a priority decision or a trade off solution was seen to be a necessary
requirement for the conceptual framework. It was then decided that additional interviews
could be used as a source of information material for this problem. The solution was
achieved by building a structured theme interview questionnaire where the research

framework could be utilised in the empirical research.

There were two alternative courses of action to proceed with this new instrument. The
first one was to utilise questionnaire and theme interviews in the companies where case
study interviews in the earlier phases had been conducted. The second alternative was to
look for additional information with new interviews outside the case companies. This
second option was adopted as a course of action. The reason behind this decision was the

perceived need to find new material and learn more about the interrelationships between
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these concepts. Thus the next phase was a series of theme interviews with both Finnish
and foreign experts. These scholars were familiar with these issues being analysed in this
study. Many internationat scholars in the field of product development and technology
management agreed to give an interview for this purpose. If the access Lo interviews with
outside experts had been more difficult it might have limited data collection for the
interviews in the case companies. Fortunately, it was possible to extend the data
collection from case companies with these additional interviews. Theme interviews with
scholars and managers in the industry helped to study the nature of the issues related with

the research framework.
Step 5

Another important decision was made between steps 4 and 5. It was considered that a
quantitative survey might be a beneficial method to crystallise the findings from the
interviews. Sccondly, complementing the interview data with survey methods could make
the results of the analysis more traceable. It is typical to use surveys and questionnaires
for data collection. It was decided that a specially developed data collection instrument
could also be a way to implement the conceptual research framework in this research.
Additional case companies were also included in the study when the research progressed
towards a more robust research framework. Two new cases {case companies 3 and 4)
were also interviewed. Summary and interpretation of the findings from cases 1-4 and
expert interviews was developed into a set of product development practices used in the
questionnaire. Qualitative information available from the interviews was analysed and
synthesiscd into a set of product development practices that captures some important
aspccts of the interrelationships between technological competitiveness and product
development performance. The original interview data and survey questions developed

from this material are shown in Appendix 3.
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Step 6

Interviews in different companies were extended to a level where four companies were
included in the research phases between 4-5. When it was decided that a special survey
instrument would be developed as a part of the empirical research process, it also became
important to test and conduct a survey with the questionnaire. In this stage the group of
four companies was very important. [n a way, by continuing our case study with a survey
1t was possible to experiment with how well the approach constructed would work. The
research approach used in this phase was constructed on the basis of empirical and
theoretical knowledge. It was decided that a group of respondents from a firm would be
needed because of thc small size of the sample of 45 case companies. Groups of

respondents provided more variance in the results of the survey.

It also became evident that some iteration was necessary in this phase before a workable
survey tool was achieved. This is also reported in some detail in chapter 3 to show how
the struciure of the survey tool emerged through the empirical pre-testing and verification
phases. The important thing is that all four case companies were interviewed in the course
of this research agreed to participate in the survey. This made it possible to have
quantitative data collected with the new survey tool. Analysis of these results has been
discussed in conference papers (Maunuksela 2000, Maunuksela 2002) that provide more
detailed insights into the company specific findings. It can be also mentioned that the
results of these publications have been used in reporting the findings of the research back

to the case companies as feedback.

Step 7

Originally the empirical work was planned according to the guidelines of case study
research (Eisenhardt 1989a, Sekaran 1992, Yin [994). The research process included
different steps of iteration and progress. This has meant that that the nature and exact
definition of the research question has evolved in the course of the research. This kind of

gradual building process is possible in grounded studies. Sometimes case studies are
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reported only in terms of the qualitative findings, reflecting selected aspects of the
empirical data. This kind of result may be somehow limited in the ways in which the
findings can be validated, for example. Use of case specific reporting with qualitative
material was also considered as an alternative way to present the findings of the research.
However, therc were some difficulties encountered in the reporting of the findings
between phases 6 and 7. For example, some detailed analysis of company specific
product development practices were seen as quite critical to these companies, so that
these examples could not be used in the public reports of this research. On the basis of
such experiences it was concluded that numerical survey information based on standard
questions used in different case companies would be a more neutral way to approach

these questions.

Moreover, the use of standardised questionnaires in a set of case companies enabled also
a more quantitative analysis of the differences between the companies. Step 7 of the
research process describes the analysis of the results of the survey from case companies.
Another case, case 5, was also included m this stage in order to extend the base of the

analysis with some additional material.

Step 7 also included additional issues and research challenges. The main issues
concerning the analysis of the results are related with the statistical research methods.
Since a new type of survey tool was developed in this research it meant that
corresponding analysis methods would also be necessary. Synthesis in this phase was
achieved through a triangulation process where literature, empirical data and qualitative
research interviews were integrated together in a way that enabled a linkage between the

theoretical premises and the empirical data collection.

It was necessary to delve into the depths of modelling of product development activities.
Moreover, important implications of the aiternative meanings of uncertainty and
equivocality for the survey instrument were considered. This is a fact that is embedded in
the research problem. The data analysis process included development of an appropriate

interpretation and analysis method to describe the results. Group level responses enabled
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the building of interpretation of the premises of uncertainty and equivocality that were
also evident in the data where different perceptions of individuals were analysed. Groups
working together have to be capable of making interpretations and conclusions through
dilemmas, where two sometimes superficially conflicting goals may be resolved in a

synergy bringing fashion (Boisot, Griffiths and Moles 1997).

Thus finally the survey part of the study has been a field test for a new survey instrument.
In-depth analysis of the rich material from empirical research work was continued until a
sufficiently robust interpretation was achieved by means of phase-wise iteration and
triangulation. The main principle was to perform a set of case studies in different firms.
These case studies could be used for the study and analysis of the research question in
different kinds of environments. We have studied both product development projects and

company practices for the management of a product development process in the empirical

part.
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2. LITERATURE REVIEW

This thesis delves into the management of a product development process. The goal of
this literature review is to present an overview of recent research on product development
processes, and lo address some areas where new research efforts might be needed. The
literature review addresses a research gap in the analysis of innovation projects where the
use of organisational interpretation system perspective has been described as an area
requiring new research (Gales et al. 1992). The purpose of the literature review is to focus
on the analysis of the research questions being studied in this thesis and the main goal is
to describe how the product development process can be seen as an organisational
interpretation system (Daft and Weick 1984). This perspective is then utilised in order to
describe how different product development practices may represent varying types of
organisational information requirements (Daft and Lengel 1986) in terms of the
implementation of these practices. The literature review is organised according to the
following structure: innovation process as a task environment within a firm; information
requirements of a product development process; limitations of project specific approaches
to the analysis of information requirements and a synthesis describing the research gap.
The synthesis describes an approach for the analysis of the product development practices
and their implementation in the product development process of a firm. This provides an

answer to the research question being addressed in this study.

2.1 Innovation process as a task environment within a firm

Bourgeois (1980) has argued that it is necessary to make a separation between the
opportunities in the general environment of a firm, and the respective choices within the
task environment of the firm’s functions like marketing and manufacturing. A business
stratcgy may be used for “navigation” in the competitive environment of a firm. Other
types of strategics can be more concerned with the implementation of selected objectives

derived from business strategy of a firm (Bourgeois 1980). Many types of performance
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goals used in a firm may be based on the business strategy of a firm. A firm has to be also
seen as a whole, as an organised entity that can simultaneously both integrate and
differentiate its various activities and functions with and from each other (Lawrence and
Lorsch 1967). From a product development perspective, Kessler and Chakrabarti (1996,
1999) have presented similar ideas to Bourgeois (1980). Kessler and Chakrabarti (1996)
have argued that we need to make a distinction between strategic and administrative or
more operational issues in innovation processes. Product development methods and

practiccs can also vary in similar ways.

Kessler and Chakrabarti (1999) have actually extended the results of the analysis
suggested by Crawford (1992) on the nature of accelerated product development,
Crawford (1992:194) has written on some characteristics of innovation processes:
innovation is a process of defining an objective (performance, feature, customer saving
or the like) and then evolving something that will achieve the objective; the process is
Jocused creativity, not shooting in the dark. These ideas underline that work in the
innovation process is a focused effort, as in some particular cases it can be that a firm is
facing pressure to shorten its product development times. Ideas on accelerated product

development by Crawford (1992) can be used to illustrate this kind of example.

“Strategic view is chauging te inclide secking

more incremental innovation...”
What is accelerated

product development?

“Administrative support systents are being
overhauled to allow faster approvals, an overall
corporate culture based ou speed in cverything...”

" New methods are vigorously sought. Teams
aud venture teams, otitside resonrces and
technolagy- new software, CAD, information
sustems etc ..."”

Figure 3. An overview of different perspectives to accelerated product development
{text excerpts cited from Crawford 1992: 189)
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Crawford’s (1992) approach to innovation through accelerated product development is
based on performance, Figure 3 above describes multiple issues that may be necessary to
consider and manage in order to pursue the goal of accelcrated development, at different
levels. To be able to accelerate development work it can be necessary that multiple levels
of activitics need to be managed in order to achieve congruency (Nightingale and
Toulousc 1977) in the aclivities of a firm’s organisation. These kinds of issues have been
analysed in terms of the product development projects. One such congruency-based view
is the relatedness or coherence between various product development activities of a firm
(Clark and Fujimoto 1991). Clark and Fujimoto (1991:18) have written “Performance in
a development project is determined by a firm's product strategy and by its capabilities
in overall process and organization.” Clark and Fujimoto (1991) have also described a
hierarchical [ramework that captures multiple levels of issues in a firm’s product
development activities. Their perspective is especially related to the co-ordination of the
development activities of a firm as a whole, to focus a firm’s development capability
strategically. Crawford (1992} discussed the acceleration of development aciivities.
Another way to address similar types of questions could be to analyse whether a firm can
make different choices in the timing of product development activities. A major issue in
the timing of product development is the balance and focus allocated to technology
development and product development, see Figures 4 and 5 on next page (Clark and
Fujimoto 1991).
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Levels

Main issues

Level 1
Inler-company product mix

-managing global coalition network afl product / companent
R&D :

Bafance

Level 2:
Intra-company product mix

-corporate identity (cansistency of product niix)
-inter-project munagement

------------------------------- . Balance
Focusof Level 3 -vehicle development lead 1ime, development productivity
campetition in Individual product {complete -producl integrily
y the 1980s vehicle) -single project management
Bnlance
Fevel 4: -performance and management of high-tech companent
Teehnolopy development
(Component}

Figure 4. Hierarchy of product development management (Clark and Fujimoto 1991)

Volatibty of competitive
cavironment calls for shart lead-
ume in vehicle development.

Sophistication ol core component
technology calls for long lead-lime
for technology development.

Technology development has
lo precede product
development,

Product development has 1o
precede echnology
development

Sophisticated customers emphasise
product inteprity and total vehicle
concepl.

Tight interdependence between Latal vehicle
and component demands that technology
concepts [ollow product concepts.

Figure 5, Technology development versus product development (Clark and Fujimoto

1991)
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Conclusions from these descriptions might be that that there are many levels of decision-
making and operations in the product development of a firm. Another way to say this it is
that product development management requires multiple hierarchies and balancing
factors with the firm level product development processes. These issues characterise also
the innovation process of a firm as a hierarchical and multilevel task environment.
Competitive impact from technology development can support product development, but
in a way it can also become an obstacle for product development if a mismatch occurs.
ltustrations from Clark and Fujimoto (1991) describe how product development and
technology development can be multilevel issues for the product development of a firm,
see Figure 4 on the previous page. A key issue is to manage the balance between
technologies and products in order to manage the timing and other concerns like
acceleration of some projects. Balance is an important characteristic of effective
innovation processes, and it will be addressed here also with other complementary

perspectives.

Management of balance with the perspective on product development management has
also been discussed in other types of studies concerning product development. Cooper
(1985a) has argued that successful firms may manage a difficult balance between
technological and market orientation. This underlines the role of managing the orientation
in innovation activities. Technology-based orientation for innovation is also a form of
“market orientation” that is very important for product development (Gatignon and
Xuereb 1997). Moreover, market orientation can be fundamental for the whole

organisation and its capabilities for innovations (Hurley and Hult 1998).

Strategies for new products and programmes behind a firm’s product development
process can be keys to the balanced and focused efforts in a development process
(Cooper 1985b). In his analysis, Cooper (1985b) has concluded that most successful new
product programmes were characterised by a “balanced and focused strategy”. Balanced
and focused strategy categorisation of some firms was mostly related to appropriate
integration of different orientations for markets and technologies. Ar the same time, the

strategies in these firms were technologically sophisticated, oriented and innovative, and
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also strongly market oriented (Cooper 1985b: 191). Table 1, shown on the next page,

illustrates some of the characteristics of such firms.

Cooper’s (1985b) findings on new product programmes of firms imply that top
pecforming firms can build focus by integrating both market and technological
orientations with their new product programmes. Analysis of a firm’s new product
programmes has been used as a way to look for the relationship between strategy and
performance, in the context of new preduct development activities of a firm (Cooper
1984). Principally it has been also suggested that the very issues related to the
management of product development projects and processes should be balanced with the
needs to be both flexible and focused in terms of the process as a whole (Cusumano
1992). A programme level perspective is a broader perspective than an individual project,
or a pair of projects representing successful and failed new product development efforts.
Perhaps the implication from Cooper (1984) “that new product performance is largely
decided by the strategy that fop management elects” summarises the primary issues
concerning new product performance and product development processes. See Table 1

(below) to analyse some characteristics of high performing firms with balanced and

focused new product programs.

Table 1. A profile of the balanced and focused strategy model as identified by data with
multivariate statistical techniques by Cooper (1985a: [84)

Components Balanced and focused stralegy Lypes (one
of the § statistically identified clusters)

1. Technological sophistication, orientation and innovativeness Very highly related

2. Production and technological synergy -

3. Product fit and focus Very highly related

4. Market newness Low related

5. Markel petential, size 2nd growih Very highly related

6. Markeling synergy -

7. Marketing orientalion and dominalion Very highly related

8. Market competitiveness Very low related

9. Product differential advantage, quality and superiority Highly related

10. Product differential advantage, customer impact and superiority Highly related

11, Premium priced producis Highly related

12. Program focus Highly related

13. Competitive dominance Low relaled

14, Market needs newness Very low related

5. Offensive orienlation -
16. R&D spending -
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At the level of product development processes, beyond balanced and focused new
product programmes, it is also important to know more about the elements of
effectiveness and efficiency in order to adjust product development practices according to
the levels of uncertainty and risk-taking appropriate for firms and management. In
summary, it is possible to conclude that these examples describing the innovation process
as a task environment in a firm show that different levels of management activities may
have to be performed in order to manage a firm’s innovation process.

Characteristics of best practices fit for the management of development activities have
been described with examples like balance and focus in the implementation of innovation
activities of a firm. Furthermore, it has also been argucd that a balanced orientation
between different requirements can be an important factor supporting the focus in
development activities. Previous examples have been selected to illustrate earlier research
findings on innovation processes of a firm, where a superior balance has been a
trademark of successful and efficient product development (Cooper 1985a, 1993). The
question of balance in product development can also be addressed by the innovative
orientations of the organisation for strategic goals like new products (Normann 1971). It
is important to make an appropriate separation between old and new and to manage
balance between different types of development goals. Normann (1971) has addressed

this with a concept of consonance.

“It is not easy to give a meaningful operational definition of product dimension. In
studying complex systems, however, the processes of change are often central. From a
methodological standpoint it is both easier and more important to know what is new
about the product than lo have a complete description of it. The ideal state of consonance
is a useful concept in describing the purposeful behaviour of organisations and the
various disturbances, successes and fuilures during the process of product development.
Consonance is a state of correspondence or mapping relationships between environment,
product and the organisation. Thus the product dimensions should correspond to the
needs and values in the environment, while the specialised tasks of the organisation must

correspond to the product dimensions. Lack of consonance will result in inefficiency
(Normann 1971:204).”
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Another citation from Cusumano and Nobeoka (1996) highlights linkages between
practical product development concerns with the competitive position of a firm; again a

different view to the balancing of development processes.

"In reality, however, in automobile engineering departinents as well in software
Jactories, one might also conclude that the leading Japanese firms have merely sought to
achieve a superior balance of efficiency and flexibility in their most critical operations,..
Theorefically, as discussed in another long stream of literatire, no one sirategy or
organisation is inherently betfer for product development, manufacturing or any other
activity... It would be unusual, for example, if a firm that wants a balance of technical
excellence in its products with manufacturability were to achieve this without a very
stable product design and manufacturing process or some sort of matrix organisation
that combines people with expertise in both design and mass production.. There remains,
consequently, a need for more empirical research sell as conceptual models that tightly
connect a company's compeltitive positioning and product strategy with its organisational
structure, management, and technology and then these variables with performance-for

the individual project, families of related products, and the company.” (Cusumano and
Nobeoka 1996: 114-115).

Together these examples show that it is important to address the question of balance in
product development with a particular problem associated with it. This is an important
question suggesting that the role of product development projects could be used in deeper
analysis of these questions. These issues will be next analysed more in terms of the

information requirements of a development processes.

2.2 Information requirecments of a product development process

This part of the literature review describes how product development projects and a
product development process of a firm can be seen to be interrelated in a firm level
analysis. The purpose is also to analyse some limitations of the project perspective, and to
describe how new ideas might be developed on the basis of these shortcomings for the

analysis of information requirements of a product development process.

The product development process is an environment for different types of activities. For
example, Koivuniemi, Piippe and Tuominen (2000) have argued on the basis of a

literature review that several different purposes associated with a product development
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process can be found: a) to help carry out the right things in the right time with the right
resources, b) to promote the controllability, systematic and risk management in product
development, ¢) to ensure the availability of quality input information for product
development, d) to co-ordinate the tasks of different functions and depariments, e) to
promote learning and continuous improvement in product development, and f) to help
take the entirety into account in single decisions. Roberts {1995) has also argued that
decisions affecting only one product may be somctimes too slow from the firm level

perspective. Obviously it is important to define a perspective for the analysis.

The previous example shows that different types of development tasks and activities may
be related with a development process. There are also different definitions of a product
development process. A textbook definition of product development process might be
first given in a particular way: product development process is the sequence of steps that
a firm employs to conceive, design and commercialise a product (Ulrich and Eppinger
2000). Also, Ulrich and Srnivasan {2001) have defined product development in a general
way: product development as the transformation of a market opportunity and a set of
assumptions about product technology into a product available for sale. This previous
definition also includes some ideas of technology, in terms of product development. On
the other hand product development can be also defined in ways that underline the new
types of product performance (features, etc.) that can be seen as an outcome of product
development activities. Cohen, Eliashberg and Ho (2000) have argued that new product

development can be seen as product performance production process that requires

scarce development resources.

Product development process can also be seen as a mechanism through which a firm can
plan and implement its new product strategies. Overall, it has become strategic issue for
firms to define what they do in their new product development. Cooper (1984:96) has
argued that the new product strategy firn elects, determines its innovation progran

results’. Implementation of strategies is then often a challenge of management

* This example can be associated with the ideas of contingency theory, as Galbraith and Nathanson
(1978:10) have described: Our belief is that variation in strategy shonld be maitched with variation in
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capabilities in the product development organisation of a firm, often focused on the new

product development projects and their goals.

This perspective raises a question: how might the technological and competitive settings
of a firm impact on the product development process of firm (lttner and Larcker 1997)7
Information on technological and competitive questions faced by a firm is critical input
for the product development activities. It is possible to address this question by analysing
some aspects related with the competition a firm faces, and the processes used by a firm
(Galbraith and Nathanson 1978). As Galbraith and Nathanson (1978:5) have described
the linkages between strategy, structure and process: We view processes as the direction
and frequency of work and information flows linking the differentiated roles within and
berween departments of the complex organisation. Moreover, Henderson and Mitchell
(1997:12) have proposed that a firm 's strategy and performance fimdamentally arise from
interactions between organisational and competitive factors at several levels of analysis.
Such dynamic interdependencies between a number of competitive factors and a firm’s
organisation may suggest that factors associated with the competitive performance of a
firm need to be carefully considered in the analysis of a firm’s capabilities. One of the
characteristics of the study of Clark and Fujimoto (1991} implies that product
development processes may be understood in terms of the linkages between various

product development activities and competitiveness of a firm, see below.

“We look at the development process as a total information system and identify important

problems from the perspective of information processing. By focusing affention on how
information is created, commumicated and used, this perspective highlights critical
information linkages within the organisation and between the organisation and the
market. In doing so, it helps to clarify the role of product development within the broader
context of competition” (Clark and Fujimoto 1991:18-19).

Such a perspective can be helpful for the description of the characteristic issues of

information requirements of product development activities of an organisation.

processes and systeins as well as in the struciure, in order for organisations to implemeni sirategies
sreceessfuliy.
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The next question can be more related with the product development activities. How
might product development activities reflect these types of dynamic relationships and
linkages between competition, strategies and the conducting of the product development
activities in a firm? Analysis of product development activities in the context of product
development process may require that the performance aspects of development activities
be addressed in the analysis. For example, Maffin et al. (1997) have reported that best
practices for the management of the product development process may depend on the
firm specific contingencies. This means that different factors present in a firm, and its
environment may create unique context where product development activities are
performed. This may underline the role of project-based approaches to manage
development activities. The role of product development project is a central mechanism
to analyse the linkages between a firm’s competitive environment, adopted strategies,
development activities and the performance achieved in the development process
(Cusumano and Nobeoka 1996). New product development process helps to describe this

with the gates that a project must pass to proceed; see Figure 6 below.

[minal Sercea Fecood wiren Dreauion an Pout-derclopment Precommereialisatiem Post

Baincas caue [STEN ahalyu -Implemeniaien
TENIE
tapr o Sl Slagc AT
* L 1 1 4 5 ©
1deznon Preliminzry Delal=d Imvgstipalien Terlepment Temung & Full preluctson &,
Iascstipzton {Build Busimess Caze) aalidalion maket Jaunch

Figure 6. A stage-gate new product process framework (Cooper 2001)

Product development process is a sort of interpretation system for the management of
product development activities. This view can be also supported with the analysis of
proficiency of development activities, as Dwyer and Mellor (1991: 41) have described:
the quality of the tasks executed in the various stages of the new product process is
associated svith different measures of project success. Project specific objectives may

need to be controlled and managed in various steps.
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The product development process can be seen as a structural framework that provides a
template for the planning and conducting of product development projects. This can also
mean that projects need to be managed in project specific ways in order to address the
relationship between strategies behind a project and the development activities being used
(Griftin and Page 1996). Another related example could be shown in the analysis of how
much time and moncy are typically spent in these various phases of development
projects, enabling a cross-project overview on the product development process factors
within a firm. Empirical studies by Cooper and Kleinschmidt (1986, 1987) have shown
that the product development phase in a new product process often requires most efforts
in terms of the moncy and time spent in different activities in development processes, sec

Figure 7 below.

"In a typical project, very little is spent on the floni-end aclivitics”

[dea screening | 140%

Preliminary market assessment [ 1,20 %

Preliminary technical assessment [~ 1290 %

Delailed market study []0,80 %

Business/Financial analysis [10,70 %

Product development - 12930%

In-house product lests ] 16,60%

Customer lests ol preduct [~ -13,10%

Trial selltest markel |]_0.50 Yo
TrialPikol production - ] 5,60 %

Pre-launch business analysis [] 1,10 %

Production start-up | ; .- |2000%

| l |

Market launch (roll-oul) : : - ] 26,80 %5
| | 3 |

000% 500% 10,00% 15,00% 20.00% 2500 % 30,00% 35,00%
Maoncy spent pertask:
Percent ol 1otal cost of
project

Figure 7. Moncy spent on each key task in a typical new product project (Cooper and
Kleinschmidt 1988: 249-262, adopted here from Cooper 1993: 39)
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Strategy and performance of a product development project can become interrelated
throughout a process that is completed when a new product is ready and introduced to the
market. Perhaps based on this kind of approach, earlier literature on new product success
factors examined the links between project outcome (success/failure) and development
activities (Cooper 1993). Analysis logic has been based on the analysis of new product
performance and the proficiency of development activities (Cooper and Kleinschmidt
1986). In an empirical sense this has resulted in statistical analysis of questionnaire
information, and the focusing on the differences between successful and failed new
product development projects. Actually, this is how the ideas on systematic stage gate
processes have been identified on the basis of extensive analysis of the new product
success factors (Cooper 1981, 2001). Some challenges may arise when the project-based
approach on analysis of performance does not cover all relevant aspects of product
development activities, especially if limited to the success/failure type of analysis

(Cooper and Kleinschmidt 1996). These issues will be discussed next in more detail.

2.3 Limitations of the projeet specific approach for the analysis of information
requirements of a development process

New product success is really an output measure reflecting firm level product
development performance (Clark and Fujimoto 1991, Cooper and Kleinschmidt 1996).
Activilies implemented in the project execution phase cannot be directly analysed against
the eventual outcome of a new product development. In many cases the in-process
evaluation of product development activities needs to be performed with more
preliminary and uncertain information, this kind of information can be used for different
purposes such as go/kill decisions or to manage some interdependencies between
overlapping activities in a project (Terwiesch and Loch 1998). According to a project
specific approach, this may imply that firms should be able to manage their projects with
performance goals defined for costs, time and quality (Smith and Reinertsen 1995) and

other phase related criteria (Cooper 2001). These performance measures can also be used
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in the definition of the product development project objectives in order to describe the

goals and context of a product development effort (Larson and Gobeli 1988).

Development objectives are used for the project management in product development
process of a firm where different product development projects need to be managed in
ways which may have to be contingent and even situational for given coniexts, where
“different projects can exhibit different success factors” (Loch and Kayser 1998, Dvir,
Lipovetsky, Shenhar and Tishler 1998). Riis (1993) has also addressed a broader notion
of necds to consider situational and context factors in more general characteristics of
production management tasks. Product development tasks can also be analysed and
defined according to what extent different tasks include issues concerning the cxternal
environment of the project, relations between project operations and the functional
organisation, and internal project operations (DeCotiis and Dyer 1979). The identification
of these distinct dimensions of project performance illustrates that a project can be both
successful and unsuccessful at the same time (DeCotiis and Dyer 1979). Therefore the
decisions on cvaluation gates may not be always easy, as multiple perspectives may need

to be considered.

Another issue arising from the arguments of DeCotiis and Dyer (1979) is what if the
project level issues become mixed up with some broader issues than just the one project
in case. One related example could be for instance the technology used in a product
development project. This can be a result of many issues, but the important implication
for product development processes is that effectiveness of proper execution of project
management practices for a product development project can be adjusted for critical
issues like technological novelty, complexity or process technology novelty (Tatikonda
and Rosenthal 2000a, 2000b). In another paper Tatikonda (1999} has also argued that
different product development projects can be managed by using the same type of project
execution methods, which means that a product development process can be customised
and fitted for different types of projects. This leads us towards more dctailed analysis of

the project and process characteristics in product development.



40 ACTA WASAENSIA

Earlier research on project management has identified important principles that can be
used in this kind of issue. Phasing and stepwise progress is one way to adjust the product
development work being carried out in projects. Cooper (1985b) has also argued that the
information available on a new product development effort increases along the progress
in development. For example, elements of a product advantage need to be built into the
project as the project and product evolve (Cooper and Kleinschmidt 1993). Phasing of
development activities is also used in the evaluation of R&D projects. Pinto and Slevin
(1987) have described the dynamic and changing nature of success factors and decision
criteria in the course of R&D projects. It was also important to understand how such

criteria might vary between different projects. As Pinto and Slevin (1989) have written:

“Jt is not accurate to view critical success factors as all being of equal and stable
importance across the entire life of the project. Rather, the life cycle stage in which the
project currently exists has important implications for defermining which factors need to
be given highest priority.” (Pinto and Slevin 1989:31).

Ronkainen (1985: 171) adds:

“The factors that determine whether a development program is allowed to continue af
any particular time dictate the type of information fo be gathered at each stage of the
process, as well as which staff function is required.”

Observation from these examples is that project specific criteria can be used to focus the
development activities in order to address the appropriate goals being pursued with
different projects3. Another conclusion from these examples is that criteria can also be
used as an approach to manage a project with a “means-ends” type approach throughout
the different phases of a development process. The question arising on the basis of these
examples is what is then the role of product development process in the management of
product development activities, if phases and gates can be defined with project specific
criteria and goals. Particularly the question can be that if the project specific means-ends
mechanism can be realised by deploying a project specific strategy and related stage-gate

criteria, what is then the product development process level way to address perhaps more

7 A citation from Rothwell (1975) in Griffith (1980) also describes this phenemenon observed already in
earlicr siudies in innovation projects: The information seeking behavior of innovators tends (o vary
depending on the phase in the innovation process during which infermation is being sought, from an
oulward looking attitude at ‘idea generalion' 10 introspection during ‘problem solving’. (Miyers and
Marguis 1969, Utterback 1971)
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gencral and non-project specific issues related with the means ends logic. It can be also a

key to the congruency between different Lypes of projects and development activities.

A basic issue in the project level analysis of product development activities is whether
adjusting the use of project management practices of a {irm can be used for the
management of some of the uncertainties of development tasks. For example, during the
development phase it is not possible to know whether a product will be a commercial
success, but the technical challenges like complexity or novelly of new technical areas
can be resolved with project management. Product development projects may also face
unanticipated problems and challenges. This means that formal project plans and control
mcchanisms may not always be sufficient mechanisms to resolve the uncertainty. Project
management practices and other product development practices may need to be adjusted
and used careflully in order to be able to manage development activities under
uncertainties. Sometimes uncertainty in development activities can even rise to a level
where practices considered “normal” project management practices, or product
development practices may not enable the development activities to be continued. This
kind of uncertainty can be related with issues like resources, funding and market
development. There are also these kinds of situations when the information requirements
of a product development process are not clearly articulated with project specific goals

(ends) and the phase wise progress from one activity to the next (means).

Gales et al. (1992) have suggested that project based technological variety and
analysability can become more and more problematic when a project progresses, thus
requiring more efforts in the management of development activities. Also, Van de Ven et
al. (1999) have discussed the criticality of equivocality and information processing. Van
de Ven, Polley, Garud and Venkatraman (1999:95-98) underline especially the critical
role equivocality” can have in the analysis of the information concerning the progress of

innovation projects. This concept of equivocality needs to be described in more detail.

* Interpretative equivocality, Nonaka & Takeuchi builds on Dafl and Weick (1984) who have argued that organizalions can be seen as
intcrpretative systems. “When the philosophy or vision of top management is ambiguous, Lhat ambiguity leads to “interprettive
equivocabty™ at the [evel of the implementing stafY {Monaka and Takeuchi 1995: 79)
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Equivocality is not similarly understandable as uncertainty in the organisational
environment. Sicotte and Langley (2000:32) have also argued that equivocality may be
less manageable by formal mechanisms alone, than uncertainty that can be better adjusted
with project management practices (Tatikonda and Rosenthal 2000b). Secondly, it can be
that uncertainty is more obvious and better detectable than equivocality (Sicotte and
Langley 2000). These issues may warrant a concern that there can be some important
issues related with product development process and development practices in a firm that
simply cannot bc easily noticed and addressed as some uncertainties that can be dealt
within the use of project management practices. Thus a related question is whether it is
possible to analyse factors that can be potential sources of equivocality in the product
development process of a firm? And how could it be possible to analyse these issues
concerning the different product development practices used by a firm, not necessarily
limited to the analysis of project management practices. It can be argued that this is one
of the arcas requiring new rescarch in product development activities of a firm, especially
in terms of the approaches where innovation activities can be studied with some emphasis
on the organisational information requirements and organisational interpretation systems

(Gales, Porter and Mansour-Cole 1992, Daft and Lengel 1986, Daft and Weick 1984).

Summary of {indings

The role of evaluation phases and gates are fundamental elements of the product
development process. This view can also be complemented with other approaches that are
more focused on the analysis of the nature and quality of development practices in a firm.
For example, the Capability and Maturity Model (CMM) reviews (Software Engineering
Institute 2002) can be seen as a related example of this kind of evaluation method where

better focus on the processes can be achieved.

The previous overview of literature has described project-based approaches to the
analysis of product development activities. This is because a great deal of earlier
literature on product development activities has been based on analysis of product

development projects. A lesson for future studies concluded on the basis of this review is
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that broader perspectives are being sought in order to extend our understanding of
product development processes and development practices. It was also found that
alternatives to the outcome oriented new product performance studies could also be
important. Recent examples on issues like preliminary information and concurrent
engineering reflect the kind of uncertainties that need to be managed during the process

before the eventual information on new product success is available to us (Terwiesch and
Loch 1998).

Another important finding from earlier literature has been the adoption of strategy versus
performance based contingency framework in the empirical analysis of product
development. One way to describe this is that new product strategy versus new product
performance literature characterises the analysis of development activities (Montoya-
Weiss and Calanione1994). Links between strategy and performance targets might also
be studied in other ways enabling the study of the information requirements and

uncertainties during the development process.

In summary it is possible to argue that a “means-ends™ type of interpretation of the earlier
results on product development activities would provide a way to analyse also the role of
product development practices in broader ways than just via a project specific approach.
Next, a synthesis is given of the literature review and also of the research gap and these
also provide answers to the research questions of this study. Thus the summary of
literature revicw on product development practices and on their use in development
processcs crystallises into two issues. Based on earlier literature it can be argued that
means ends typified contingency studies addressing the use of product development
practices could be seen as suitable ways to analyse the role and use of product
development practices also in future studies. Secondly, it can be argued that there is a
need to pursue further research in arcas like interpretation systems and organisational
information requirements in the area of innovation projects (Gales et al. 1992), which is

an area closely related with the analysis of development practices.
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2.4 Research gap

There are at least three earlier studies identified where the framework of Daft and Lengel
(1986) has been used in the analysis of innovation and product development activities.
Gales et al. (1992) have studied the progress of innovation projects and the uncertainty in
the successive development phases. Lundqvist (1996) has studied the relationships
between organisation and development processes used by firms. Lundqvist (1996) has
addressed areas like equivocality in the deliberation shown in new product development
projects and the development of the organisational processes to mcet the development
goal. He has also concluded that a greater nced for making sense of and defining of what
constitutes a process among the participants of development activities could be important
for the success of development activities. Thirdly, Sicotte and Langley (2000) have
utilised the [ramework of Daft and Lengel (1986) in the analysis of performance of
various integration mechanisms in different types of development projects. Among these
earlier studies, the framework of Daft and Lengel has been used in different ways.
Furthermore, while Gales et al. (1992) and Sicotte and Langley (2000) have analysed
projects it is only the work of Lundqvist (1996) where new product development
practices like concurrent engineering have also been analysed in terms of the

implementation issues.

Another aspect of the research gap concerns the analysis of product development
practices and their relationships. Recent studies such as Koufteros, Vonderembse and
Doll (2001 98) and Koufteros, Vonderembse and Doll (2002: 332) show that the ideas of
uncertainty and equivocality continue to arouse interest in the analysis of product
development practices. In their review of literature a point has been raised where new
rescarch is proposed on arecas where both new instruments and performance perspectives
on product development practices might be needed. From the perspective of this present
study it can be said that the possibility to contribute to some areas related with the
analysis of the relationships between product development practices is quite well within
the scope of this research. Also, the possibility 1o develop new instruments is also a

possible way to address these issues as argued by Koufteros et al. (2001, 2002).
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in this research I have attempted to focus on the relationships between product
development practices and their use as means to address some goals and ends for the
development activities. Next an overview of the conceptual framework of Daft and
Lengel (1986) is given, which covers the underlying theoretical perspective utilised in

this research.

2.4.1 Organisational information requirements

Recent empirical studies of innovation projects have applied the organisational
information requirements framework by Daft and Lengel (1986) as a theorelical
framework in the analysis of development tasks and practices {Gales, Porter and
Mansour-Cole 1992, Lundqvist 1996, Sicotte and Langlcy 2008). Onc important feature
of the conceptual framework of Daft and Lengel (1986) is that it describes an interesting
way to address the “means ends” issues in terms of task level analysability and variety.
The ideas of task variety and analysability suggested by Perrow (1967) concerns the
comparison of organisations and differences between them. The theoretical model
proposed by Daft and Lengel (1986) offers an interesting approach for the analysis of
organisational information requirements. This model has been adapted here as a
framework that can be used in the characterisation of product development practices. The

original model framework is presented in Figure 8, shown here on next page.
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Unanalyzable, Low variety (Crafl
technology)Structure:  a) IRich media
@ resolve unanalysable issues, b)
Small amaunts ol information.
Examples; Occasional lace-to-face
and scheduled meetings, planning,
tzlephone

Unanalyzable, High variety (Non-
Routine wehnology).Structre a) Rich
media 1o resolve unanalysable issucs; b)
Large amounts ol infarmation lo handle
exceplions. Examples: Frequent face-lo-
face and proup mectings, unscheduled
meetings, speeral studivs and reports.

Analyzable, Low varicly {Routine
Technology) Structure: a) Media of
low richness, b) Small amounis ol
information. Examples: Rules,
standard procedures, standard
information system reports, memos,
hulleting
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technology). Structure: a) Media of low
richness b) Large amounts of
inlormation to handle frequent
exceptions. Examples: Quantilative data
bases, plans, schedules, statistical
reports, a fow meetings.

Low VARIETY

High

Figure 8. Relationship of Perrow’s model of technology with the structure and
information requirements for task accomplishment (Daft and Lengel

1986:563)

Concepts of variety and analysability are closely related with notions of uncertainty and
equivocality. A closer review of these concepts can also be presented. Tushman and
Nadler (1978) have argued that the implications of uncertainty may also be associated
with the amounts of information being processed in the organisation. Tushman and
Nadler (1978) have also suggested some ideas concerning the factors which from the
uncertainty may arise in the first place. Factors like non-routine technologies, unstable

environment, interdependent 1asks and large size of activities can increase the uncertainty

perceived by the management. Figure 9 (below) illustrates this.

Nonroutine lechnology

Unstable environment

Interdependent tasks

Uncerlainty for
managers

processed

Large size

Figure 9. Sources of uncertainty and amount of information processed (Tushman and

Nadler 1978, Daft 1986:306)

Amount of informalion
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Furthermore, the concept of equivocality can also be described in more detail. Sicotte and
Langley (2000: 4) have referred to Daft and Lengel (1986) in saying that group meetings
can be seen as a lype of structural mechanism that can permit the reduction of
equivocality through close interpersonal contacts. Also Keller (1994) has argued that the
project group could be a useful unit of analysis concerning the information requirements.
Evidently there are both internal and external sources of uncertainty that might have some

impacts on the management work and respective information requirements.

The benefit of ideas from uncertainty and equivocality is that their interdepencies can be
used in the description of different types of typical events or situations where the relative
level of uncertainty and equivocality can be somehow approximated or evaluated. An
example of this might be, for instance, a need to decide what kind of activities need to be
carried out in face-to-face mectings and what kind of issues can be done via routines like
reporting (Daft and Lengel 1986). In a way, the ideas of Daft and Lengel (1986) represent
complementary ways to study and evaluate the variances between different types of
means ends situations critical to organised activities. See figure 10 (below) for the

original description of the model by Daft and Lengel (1986).

1. High equivocalily, low 2. High cquivocality. high
uncertainty vncerainty
i THGIT

Occasional ambiguous, unclear
events, managers define
questions, develop common
prammar, gather opinions.

Many ambiguous, unclear
cvents, managers define
qucstions. also scek answers,
gather objeclive data and
exchange opinions.

Low cquivocality, low 4, Low cquivocalily, high

. EQUIVOCALITY 3
: uncertainty uncertainty

© Low

Figure 10. Hypothesised framework of equivocality and uncertainty on information
requirements (Daft and Lengel 1986:557)

Clear, well-defined simation,
managers need few answers,
gather routine objective data.

Many, well-defined problems,
managers ask many questions,
scck cxplicit answers. pather
new, quantitative data,

COLOW
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UNCERTAINTY
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Analysis of information requirements may be seen as a way to look at the interpretative
capabilities of an organisation (Daft and Weick 1984). What are then these information
requirements? The ideas of Herbert Simon (1957) and Jay Galbraith (1973) have shown
us that the design of the organisation’s structure can be approached with the information
processing complexities and respective work activities. For example, it can be probable
that there are different aspects of uncertainly and associated management information

requirements concerning various areas of the contexts and activities of an organisation.

Task variety and analysability provide a logical way to study the means ends type of
relationships. Then the remaining question is that what kinds of ends can be used in this
kind of analysts, as it has been already proposed that product development practices can

be seen as means, when this kind of approach is being used.

2.4.2 Linking the theoretical model framework with product development practices

Previous parts of the literature analysis described the research gap. The next part presents
additional areas of literature that may be used in bridging the research gap. These issues
provide some ideas on how to approach the questions described in the discussion on

research gap.

A major premise of the synthesis is that it is focused on factors related with the
orientation to the performance requirements of development activities. The purpose of the
thesis is not to analyse the actual outcome of projects in a firm, or how competitive a
particular firm is. The perspective adopted and used in this thesis s more about the
interpretation of the development imperatives (Wheelwright and Clark 1992) like lead-
time, productivity and tcchnical excellence, and the use of such generic geals as
guidelines in the implementation of product development practices. Things like these
deveclopment imperatives provide us with empirically based ideas to address the selection

of performance dimensions important to development activies.
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Earlier findings on the characteristics of effective development processes have been
described as being both balanced and focused in the development activities (Cusumano
and Nobeoka 1996, Tatikonda and Rosenthal 2000a, 2000b). These recent studies
underline areas like the execution success of development activities, which brings up new
types of performance issues. Focus on the execution success of development activities
also cmphasises new type of performance dimensions like flexibility (Thomke 1997,
Tatikonda and Rosenthal 2000a, 2000b). New types of contingency requirements for
product development processes could be described, for example, in industries where high
levels of product development flexibility can be needed (MacCormack 1998, Iansiti
1998). Then the issue can be that if success in competition requires capabilities in
development flexibility then product development practices enabling more iteration and
changes in rapid time frames can become success factors for such development processes.
This kind of description might also require that a process perspective on a situation where
consonance {Norrman 1971) can be achieved can be described in terms of the contingent
knowledge (Fleck 1997) required for the development work. Also, in other words, that
kind of view of a product development process would suggest that some specific product
development practices could be analysed in terms of their flexibility, if they were really

carried out and deployed in an appropriate time frame (Thomke 1997, Thomke 1998).

One idea from the above examples is that the role of flexibility in managing the
development process has alsc become an important variable characterising the
environment of a firm. Endogenous performance such as “being flexible” within a
company can be seen as a means to adapt the firm’s operations and activities with the
requirements of the environment where business is being conducted (Lawrence and
Lorsch 1967). Then internal operations of a firm can be flexible in ways that allow the
use of various practices and integration mechanisms in order to be able to deliver the
requirements and commitments promised to customers, as in the form of new product

introduction and frequent product releases (MacCormack 1998). Industries are different

in these respects.
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It can be argued that this kind of perspective may help us in the broadening of the
research perspective besides the new product performance type of approach on
development activities. Other aspects of capabilities like throughput and agility can also
become competitive means for companies, in order to survive in the increasingly
turbulent marketplace of electronics industry (Helo 2001, Hilmola 2001). There are also
other ways to analyse the premises of effective implementation of product development
practices in development processes. An important issue is what types of performance
issues can be used In the analysis of working practices during the development, or even
before the development activities are launched. This means that the key to the use of
interpretation mechanisms and information requirements in the analysis of product
development practices needs to be based on performance issues that are natural to the
aclivities and situations being studied. In broader terms it leads towards suggestions
where 1t has been argued that the theme of performance needs to be conceptualised and

measured in terms that are inherent and even germane to the type of organisation (Keller
1994).

2.4.3 Synthesis on product development practices

Earlier empirical results on new product development success factors and development
performance have shown that a link between the targeted type of success pursued and
development practices used should be achieved and managed. A strong means-ends type
of contingency rclationship moderates the relationship between strategies and
development practices used by firms. These kinds of issues have been reported in the
analysis of devclopment performance in clectronics industries, see Table 2 on next page.
Results from Loch at al. (1996) describe how different types of means used in the
management of development activities can be related with different performance

dimensions of product development activities.
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Table 2. Analysis of development process performance across sub-sectors in electronics
industries (Loch et al. 1996)

Market Innovation | Product line | Design lo Development | Development
leadership | rate freshness | cost personnel expense
inlensitly intensity
Focus and Team structure (-)
struciure b
Projec[ Early use ol
management Emm'ypcs )
Cross- Early External Value Early External sources | Dusign
funclional purchasing sources ol ideas | engincering markeling ol ideas {+) a complexily (+)a
. . invalvement {-) [ {+}b) (Hb involvement (=)
ntegralion b b
People Team rewards Job rotation (-)
management | (12 a
and lcarning

a=significant on the | % level.

b=significant an the 3% level.

{+) Denotes a posfuve and (-) a negative impact.
Sample.computer and systems indusiries (size n=753}

The previous table illustrates that achievements in different dimensions of development
have to be achieved with different tools (Loch et al. 1996). Similar types of ideas of
means-ends relationship have also been discussed in the literature on organisational
effectiveness and competing values of an organisation {Quinn and Rohrbaugh 1983,

Quinn and Cameron 1983).

Previous examples showed that the role of a means ends type of relationship between
types of development performance and product development practices have been
discovered in the empirical analysis of product development in the international
electronics industry. The basic nature of this kind of problem is almost identical with the
identification of important research issues in new product success research (Hart 1993). A
conclusion that can be made from the earlier studies is that these examples show similar
characteristics as Pearson (1990) has discussed in the theme of innovation strategy.
Pearson’s arguments in the management of innovation projects were also describing the
means-ends type of reasoning in the project management. Project management level
challenges in the implementation of product development practices converge towards the

challenge of how to achieve a match between the means and ends fit with the targets of
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each projects. Figure 11 below describes the innovation model presented by Pearson
(1990).

Ends T

Urgency

Means

Figurc 11. The innovation model (Pearson 1990)

Prof. Alan W. Pearson later elaborated implications of the model to the means-ends

relationships for innovation projects in a research correspondence addressing this

question.

“The ends axis is certainly about focus, whether it be technical or market goal or both. As
we know lack of clarity on this dimension usually reduces the success rate but equally
important makes projects very difficult to manage. The other dimension ‘means’ is used
{0 focus attention on the degree tfo which the technology is available to achieve the ends.
It therefore reflects distance from the existing knowledge base and, also of course, the
organisation’s familiarity with their knowledge base, and their expertise/past experience
in the area. In practice it is possible to identify the degree of uncertainty along these two
dimensions for a particular project or activity. The obvious point to make is that this
information can force people to think more carefully to see whether they can clarify the
ends and/or choose alternative technological routes to reduce the uncertainty. They may
of course do this through collaborations and/or joint ventures. If they cannof reduce the
uncertainfy they have to recognise that may have to change thelr management style or, in

the extreme case, disband the project.” (From personal correspondence with Prof. Alan
W. Pearson, 12. September 2000.)

At this point it becomes important to address the studies focusing on the execution of
product development project management. As Tatikonda (1999), Tatikonda and
Rosenthal (2000a, 2000b) have argued, it might be possible to manage the execution
phasc of product development with non-project specific approaches. From the perspective
of the present study, in order to be able to do this it is important to first resolve the notion

of means and ends and how this could be linked with product development practices.
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In order to achieve this kind of link between means and ends between product
development practices and their use it is necessary to build the conceptual foundation of
the modelling of product development process and development practices. A literature
review focused on these issues has resulted in a synthesis where earlier literature on

product development practices can be described with the following illustration, figure 12

below.

Product -
development Tt.chm‘)l‘ugrcal Balance between Product

) compelilivencss technaology development
praclices development and ; performance

praducl e
developmem

Performance i
Measures/targeted :
Development goals |

Figure 12. “Means-ends™ contingency relationships between practices and measures

Next a table summarising some earlier studies describing these issues is shown, see Table

3 on next page.
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Table 3. Earlier studies where development practices and goals for their use have been
addressed in ways that are related with the means ends type of contingencies
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Tethnelegleal superority, tochneleglcal compotlillvonoss

DEVELOPMENT PRACTICES

Lead usars {von Hippe! 1988)

Internalionalisalion of R&D {De Meyer 198%9)

Technplegical leaming {Dodgson 1981}

Husiness scope integration (Keupginen 1953)

Lsa of lachnical champions {Lee and Na 1994}

I_De\.-elup strong technolegical arentation (Gatignon and Xuereb 1997)
Resolve problems relaled with the intreduction
and launch of new end picneering products effeclively {Lindman 1997)

PERFORMANCE MEASURES!
TARGETED DEVELOPMENT
GOALS

Advanced, new product fealures (von Hippel 1288)

Technical learning in RED (De Meyer 1389)

Technology focus (Dodgson 1991)

Enhanced sysiem deiivery capabihilies (Kauppinen 1959)

Targeling lor radical new technolegical innovativeness (Lee and Na 1954}

Drevelop new innovalions superior to the competition {Gatignon and Xuereb 1997)

Sirenghlen the new product development capatiliy base of a firm (Lindman 1997}

Balance hetween trehnology devolopmont and product devalopmant

DEVELOPMENT PRACTICES

Define key characlenslics of new preducl {Thomlan 1997)

Customised use of producl develogmenl process for
the type of development project (Talkonda 1999}

Analyse and defina delailed lask characlerislics of
developmenl projecs (Tatikonda and Rosenlhal 2000b)

Differentialed and Inlegraled use project execution melhods ke
formalily, arlonomy and resource flexibility (Tatikonda end Resenthal 2000b)

PERFORMANCE MEASURES!
TARGETED DEVELOPMENT
GOALS

Balanca costs and qualily during produd developmenl phase (Thomton 1897)

Differenl project can be execuled using
samg gengric product process (Tatikonda 1999)

Separate fechnological novelly and project comptaxdty Lo
managa tradeolls belween projecas (Talikonda and Rosenthal 20000)

Balance MNexibility and lirmness In execution of daveloprmeant
project management {Tatikonda and Rosenthal 2000a)

Producl devolopmont parfformance

DEVELCPMENT PRACTICES

Increasa usa ol new tools and lechnigues in
MPD aclivilies (Griflin 1897b, Maylor 2001)

Use multi-lunctional teams (Roberls 1595h)

Cuslomise and lailor the use of concurenl engineering
for varying design probiems (Funk 1997, Swink 1998, Terwiesch and Loch 1598)

Share knowledge in critical integration praclices
wilhin development phases (Nonaka 15930, Hoopes and Fosirel 1959)

Incraasing number of funclions in a preduct adds Lhe
developmenl project complexily (Griffin 1997a)

Contrelling operational outcomes of organisational
processes wilth qualily, cost and lime-lo-market goals (Talikonda and Manloya-Weiss 2001)

PERFORMANCE MEASURES!
TARGETED DEVELOPMENT
GOALS

Support pedformance enhancements in ima o
market, product cosl and product qualily {Grilfin 1997 b Maylor 2001}

Accelerale speeding of new producls Lo markel (Roberds 1995b)

Succeed in effective overapping belween
development aclivbes (Funk 1397, Swink 1988, Terwiesch and Loch 1998)

Avoidance of communicalion gaps and knowledge
glilches in developrenl wark {Manaka 1930, Hoopes and Parlrel 1999}

Higher producl complexly increases NPd
cycle time [Griffin 1997a)

Suppan performance achievements
on market oculcomes (Tatikonda and Monloya-Weiss 2001)
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Table 3 (page before} shows that there are different measures for the analysis of product
development practices. Often the logic in earlier studies has been that by using a
particular development practice a defined performance dimension can be improved, as in
the analysis of Thomke (1997), where the use of advanced desigh methodologies has

been shown to improve development flexibility.

The synthesis of the described linkages between product development practices and
performance measures is that some basic aspects of the multiple performance dimensions
could be chosen to depict the environment where product development work is being
carried out. The decision has been to adopt a dualistic and overlapping framework
between tcchnological competitiveness and product development performance as a pair
of key concepts that can be used in the further definition and development of the
utilisation of organisational interpretation and information requirements on product

development practices and their use (Daft and Weick 1984, Daft and Lengel 1986).

Argumentation behind the chosen types of information requirements-means ends logic

Hart (1996) has argued that there are various ways to describe the complex nature of
technologies, products, processes and innovation. For example, Hart (1996) has
suggested thal innovation issues may be seen in a type of continuum where we may want

to study the performance links from development activities to innovation, see Figure 13

bclow,

Technological < Technological

Innovation newness development
Product — Product
Innovation newness development

Figure 13. Adaptations of the newness continuum (Hart 1996: XI)
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Hart (1996) does not actually recommend that this kind of practice of viewing
development process as a continuum would be a good solution, because of the
complexity of such approaches. In a way, this kind of conception of product development
process as a continuum between innovation and development is very fundamental. Clark
and Fujimoto have also discussed a similar theme (1991) in their analysis of product
development performance in the automobile industry. The key issue is that the concept of
product development performance is perhaps broader than new product performance.
Then focus on product development performance also enables analysis of product
development capabilities in ways that can complement the new product success and new

product performance driven approaches.

It can bc also argued that product development performance is a broader way to
characterise information requirements and development imperatives than any specific
individual performance dimension like lead time, quality or productivity. At least from
the perspective of interpretation system and information requirements it is also possible
to analyse how product development performance might be seen as a category of
information requirements critical to the use of product development practices. Secondly,
technological competitiveness could be seen as a well-known and clear goal for the
product development activities. Technological competitiveness can be addressed with
carlier examples from the analysis of the histories of the electronics and electrical
industries, which show that this variable can be a multi-level success factor for
development activities. In earlicr literature technological competitiveness has also been
often studied at the level of countries (Berman and Khalil 1992). Technological
competitiveness has also been studied at the level of particular industries, as in studies of

the history of technology in the energy, electrical and electronics industries (Aspray
1993).

“The Reagan administration, together with many of America’s journalists and business
school faculty: thus defined technological compefitiveness as a compefition among
nations for technical prowess that was assumed to translate info economic advaniage.
Besides competition among nations there is, most obviously, competition among firms to
use technology to provide products or services that compare favounrably with those of
competing firms in order to gain customers, profits or markets. There is also competition
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within firms among different technologies, or among products or services based upon
these technologies. Finally, there is competition among ftechnologies themselves fo
become the dominant technology for a particular application.”(William Aspray 1993:
vii.)

it can also be argued that a development project level mission and deliberation of
innovation activities can also be addressed with this kind of concept. In order to
conclude this argumentation it can be said that these selected variables of technological
competitiveness and product development performance represent general typical goals

and ends for the product development activities.

Returning to the idea of looking at product development practices with a means and ends
perspective it can then be asked what about the means, if the ends perspective can be
resolved by a conceptual selection of general performance requirements like

technological competitiveness and product development performance?

A “means” perspective on development practices

Product development practices represent a means to conduct the development activities.
In this thesis the following definition has been adopted: product development practice is
defined as an approach taken to conduct some product development tasks in a way that is
fit for a company and its development resources. Practices can also be seen as alternative
types of iechnologies representing issues like background technologies, enabling
technologies and project specific technologies, according to a framework proposed by
Dodgson (1991). The links between technologies, product development practices,
projects and product development process can be addressed with these kinds of idcas.
Dodgson (1991) has related the concept of technological learning to competitive
pressures and business dynamics within the biotechnology industry. “Technological
learning is used in a broad sense as encompassing all those activities in a firm which
assist the enhancement and expansion of knowledge and skill bases” {Dodgson 1991).
For some other kind of purposes technology may need to be defined in different terms. A

figure by Dodgson (1991) may concretise the differences between technologies.
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A

(Amount of technolopy

“Depth™ of technolopy

Project specilic
technology
develaped 1na ficld)

Enabling
technology

Background technology

“Breadlh” of lechnology {Number of ficlds in which technology could be applied)

Figure 14. Celitech: Conceptualizing technology (Dodgson 1991:141)

Different technologies have different characteristics. The characteristics of technology
may also change according to the goals for which technologies are being used in product
development processes. Different kinds of technological characteristics can also be
associated with the competitiveness of a company through product development
processes. For example, Cooper (1993, 1985b) showed how technological superiority was
found to be one of the most significant variables associated with new product success.
Technological superiority can be an important characteristic for successful product

development, especially in markets for demanding professionals (von Hippel 1988).

Ideas from Dodgson (1991) suggest that product development practices could alse be
analysed as enabling and background technologies besides project specific technologies.
This kind of interpretation would also support the findings of Tatikonda (1999), who has
argued that the project specific approaches can be complemented also with process level
management practices of product development projects. Enabling and background
technologies can be seen as product development practices, in ways that complement the

project specific approach to technologies, and development activities.

The question remains, of how to analyse the means ends relationships in terms of product

development practices, when development practices might also be conceived in broader
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ways than before, as enabling or background technologies. In the studies of new product
success studies the main types of development practices have been identified by
analysing the progress of an individual project through a new product process. Then the
means-ends logic has been achieved in terms of the project specific analysis, how a
project can proceed from an idea to the commercial faunch of a new product through

critical phase evaluations.

The literature review described here has focused on the argumentation of means ends
perspective, and how this can be seen as one of the alternative approaches to product
development. There has also been discussion on the differences between project specific
analysis of development activities and more general ways to look at product development
activities. Clark and Fujimoto (1991) have suggested an approach to describe the
different levels of product development management: technology and component level,
individual product/single project management, intra-company product mix/inter-project
management and inter-company product mix/networked product and component R&D
(see figurc 4). These four levels may also offer ideas for the analysis of product
development practices. In this research the scope of the analysis has been focused on
intra-company issues, and mainly on carlier literature on the project management based

approach to product development.
2.4.4 Ideas and findings to address the research gap with new research

This thesis has been focused on two research questions: a) How might the technological
and competitive settings of a firm impact the uses of product development practices
within a product development process, and b) How different types of product

development practices and their implementation in the product development process of a

firm could be analysed?

The literature review on product development practices has provided a possibility to
discuss related findings from the literature and earlier empirical studies. A conclusion to

the first research gquestion can be given. It seems that use of product development
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practices is associated with various types of strategy versus performance, and other types
of contingency questions. Theoretically earlier literature has also identified different
types of contingency variables related with the use of product development practices, in
ways that reflect the technological and competitive settings of the product development
process of a firm. Product development practices and their use seem to be an area where
focus and purposeful activities are necessary and important. Development activities can
then also be seen as activities performed with many types of performance expectations.
The use of development practices is not a random exercise, but a conscious process of
implementing certain methods for more or less managed development problems. A highly
rational sense in the use of development practices seems also to be linked with the

understanding of different types of competitive requirements.

However, earlier literature on analysis of development practices has been limited to
project based approach on the analysis of usage of development practices. This has been
discussed as a starting point to find new complementary ways to analyse product
devclopment practices and their use in product development process. A conclusion that
has been made from earlier literature is that some aspects of the technological and
competitive settings can also be addressed at the level of development process, and
general development imperatives for product development activities. It is not necessary to
limit the analysis of product development practices only to project based approaches. I is

also possible to look at the nature of product development practices in a morc general

manner.

The basic purpose of this review has been to identify the general success factors for
product development process, and use this information as a knowledge base in the
building of a model framework describing the product development process as an
interpretation system. This perspective can then be used in the analysis and modelling
organisational information requirements of product development practices. In summary,
it can be argued that new types of analysis approaches for the use of product development
practices within a firm’s product development process can be described as an area that

needs additional effort and new research activities. The conclusions from carlier literature
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and theory on the use of product development practices can be summarised as guidelines
for further studies, addressing the second research question. The first phase of the
literature review is focuscd on the argumentation that underlines that the generic forms of
performance dimensions in product development process are technological
competitiveness and product development performance. Analogy and argumentation are
also provided as 1o why these can be both overlapping and distinct issues. These are the

multi-dimensional performance aspects. Some related issues are defined below:

» What kinds of generic forms of performance dimensions have been identified in
the analysis of product development processes? These can be used in the analysis
of issues broader than project specific development practices. Specific

performance dimensions can also be analysed in multiple ways.

Generic types of tasks in a product development process are also important. The second
phasc of the literature review has been focused on the argumentation that emphasises that
the generic tasks in a product development process are basically variations of product

development and technology development. A related perspective is defined below:

* Analysis of the generic types of tasks in product development process has been
the key to earlier descriptions of product development processes. It is also

possible to modcl development processes in other ways.

Important forms of orientation in product development operations can be related with
success in the use of development practices. This notion of orientation is really an
important issue, as the purpose of the analysis is to provide input for the building of a
new construction rcflecting the product development process as an interpretation system.
Therefore imporlant orientations in the innovation processes can be seen as important
characteristics of the organisational interpretation system. Effective ways of working can

also integrate different issues. Some related issues are defined on next page:



ACTA WASAENSIA

Uncertainty and equivocality can be seen as information contingencies having
somc impact on the use of product development practices. Thus it can be argued
that organisational information requirements reflecting the means-ends model to
link product development process with practices can be seen as a theoretically
suitable approach to analyse product development practices.

The means-ends contingency mode! can be utilised in the analysis of product
development practices with the organisational information requirements
perspective.

New types of product development practices can also be addressed and identified.
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3. EMPIRICAL RESEARCH PROCESS

This chapter describes the empirical research design, research process and data analysis
of thesis. The chapter is written in a phasewise manner according to the progress of the
research. This research is based on an empirical rescarch strategy with descriptive case
studies. I have used both qualitative and quantitative research methodologies (Jick 1979,
Brewer and Hunter 1989, Sekaran 1992). Figure 15 illustrates the main phases of the

research.

Phase Activity Empirical data

|. Developmenl of perspective W Siudy potential case companies

2. Development of case study /\G,——v\ Build rescarch design

el access to firms

e et e e e e b e e ¢

3. Qualitative research interviews //’B:i]d framework | Firm specific interviews

T

4, Theme interviews /D/_l\ Firm inlerviews, expert inlerviews

o lheme questions

5. Questionnaire preparation @ Pretesting (3 experts,] group of 6}
]

6. Group interviews for survey NPD process access NPD process management teams

\\ '
¥

7. Quantitative dala analysis Build interprelations | Survey dala, literature,interviews

Figure 15. Empirical research process and critical phases of data analysis and treatment
with linkages to empirical data
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3.1 Development of the perspective for empirical rescarch

It is possible to use different research approaches for the study of a problem. In this
research 1 have used a descriptive, empirically based constructive approach for the study
of the research questions (Neilimo and Nisi 1980 in Kasanen, Lukka and Siitonen 1991).
| chose to do that because [ wanied to increase the understanding of a complex and
dynamic phenomenon, information requirements of product development processes and
practices. This sub-chapter has been titled development of the perspective for the
empirical research. It covers use of literature and empirical interviews for the focusing
and building of the perspective of the study, as the starting phase of the cmpirical

research. The research questions of this study deal with the following issues:

1) How might the technological and competitive seltings of a firm impact the uses of
product development practices within a product development process?

2) How could we analyse different types of product development practices and their
implementation in the product development process of a firm?

The rescarch questions address product development practices and their use in
companies. The research gap identified in the literature review defines how the
organisational information requirements framework might be used for the study of the
development practices. This discussion on development of the perspective for empirical
research describes how these issues have been approached in the study. To do this it may
be first necessary to show how the ideas of empirical research and perspective
development can be described. This is also related with how methods and ideas in case
study research have been used in this research. It has been found that ideas of
dimensional analysis could be suitable for the development of the perspective in case
studies with qualitative research material (Glaser and Strauss 1967, Kools, McCarthy,
Durham and Robrecht 1996). See Figure 16 for elaboration of the idea of the dimensional
analysis concerning the aspects and richness of data analysis and information. It can be
argued that this kind of approach may also be suitable for the structured representation of

the premises of both theoretical and empirical research issues. It can be also used for the



ACTA WASAENSIA 65

development of research design, case study criteria and units of analysis in empirical

studies.

PERSPLECTIVLE
{a dimension with significant explanatory power)

CONTEXT
DIMENSIONS (boundaries of situation fenvironment give rise
(n!l salient dimensions are given Lhe to circumsiances)
oppariunily o acl as)

CONDITIONS

{Macilitle, block, ar shape action or
interpretation as viewed by Lhis perspuective in
this context)

PROCESS
(Impelled by prevailing condiions and result in
intended / uniniwended actions or interaclions)

CONSEQUENCES
(oucomes of these specilie actions / interactions
that reflect the assigned perspeclive)

Figure 16. Development of the perspective in grounded research methodology (Kools,
McCarthy, Durham and Robrecht 1996: 320)

Perspective

This describes how the analysis perspective has been derived from the literature. There
are different ways to study product development. A topic of product development
processes may be located somewhere between more direct studies of new product
processes (Cooper 1993) and contingent effectiveness of product development practices
in different industries (MacCormack1998). Today many companies are multi-focused in
their operations (Spina, Bartezzaghi, Best, Cagliano, Draaijer, Domien and Boer 1998).
They also have goals for different performance dimensions {(DeCotiis and Dyer 1979,
Cooper 1984, Clark and Fujimoto 1991). This also implies that different product

development practices and performance dimensions may concern different areas of
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product development activities. For example, the differences and characteristics of the
front-end and back-end activities in product development represent strategically different

challenges for product development processes (Khurana and Rosenthal 1997,1998).

First, important issues in the design of the case study have been related with the decision
of how to analyse product development practices empirically. Also, it has been important
to select the type of material to be used, which impacts on the data collection activities. In
literature review it emerged that important issues in the research gap concern the
information requirements of product development practices, also that prior studies based
on product development projects have their limitations as a basc for the cmpirical
analysis of product development. As a result of the premises of prior research, the
perspective in this study has been chosen 1o focus on product development practices and
company level analysis of the use of development practices within the product
devclopment activities of a firm. This may require analysis of company specific activities
and arrangements in product development processes to obtain an empirical access for this

kind of perspective.

Dimensions

Production and development operations and their performance dimensions can be
described by models such as product-and process life cycle matrix (Wheelwright 1978,
Hayes and Wheelwright 1984, Wheelwright and Clark 1992). Such grid-like
presentations have a strong descriptive power. Models like product and process life cycle
matrix may offer ideas for new theory building. Multiple performance dimensions are
relatcd with the analysis of development activities. Issues of multi-focus are also critical
to product development work, especially at the level of process perspective. Process level
studies of organised activities may require specific approach on the analysis of
performance aspects. In the literature review it has been concluded that a means ends type
conlingency approach might be typical for the analysis of product development activities.
This also suggests that related empirical research work should cover the process

performance issues carefully.
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For the theme of product development processes it has been concluded that companies’
success in product development processes depends critically on how well their
development work is matched with the competitive requirements of the market and
industry where they compete (Burns and Stalker 1961, Loch, Stein and Terwiesch 1996).
At the level of product development processes this requires also careful selection and
implementation of development activities against specific goals. Loch, Stein and
Terwiesch (1996) have also described how product development process level
devclopment performance may be contingent to competition in different industries.
Management has the challenge of identifying the appropriate product innovation arenas
of a firm and their performance requirements (Cooper 1993:308-315). The literature
review of product development performance dimensions I became especially convinced
that the relationship between new product performance success factors (Cooper 1985b,
Cooper 1993, Hart 1993) and product development performance (Clark and
Fujimoto1991; Loch, Stein and Terwiesch 1996) is very interesting. This is because the
previous approaches to product development are complementary to each other and also
overlap to some extent. Many new product development performance dimensions also
overlap with each other as can be learned from the multidimensional nature of new
product success (Hart 1993). These issues define the base for information requirements of

product development activities.

Contexts and market conditions

Performance requirements of development activities naturally overlap between
successive stages of development processes. Projects need to win competitive screening
phases in order to be able to continue towards the next development phases. Project level
information flows are often characterised by this kind of successive phascs. The aim of
this study has becn to study information requirements of development practices. This also
presents some requirements on the empirical studies to clarify and focus on specific types
of contexts used for data collection. [t can be argued that earlier research on NPD
processes has mostly been carried out in industrial companies (Cooper and Kleinschmidt

1991, Cooper 1993). This kind of separation between industrial and consumer markets



68 ACTA WASAENSIA

may help us to better describe and prioritise the business strategic nature of the NPD
processes under study (see Hambrick and Lei 1985). This study continues in the
mainstream direction of NPD studies focused on industrial product development

processes and practices. It also helps to maintain focus on industry specific issues.
Conditions (industry characteristics)

These perspectives seemed to summarise the essential features of empirical work on both
new product success and product development operations, as theoretical guidelines for
the future studies of product development processes. Also, another finding from the
literature analysis was that the dependencies and relationships between different
performance dimensions of product development are of interest for the study of product
development activities (Hart 1993). This issue has been considered to be an important
factor related with the empirical research design. For example, in the industrial
electronics business it is often necessary to focus on technical superiority because

professional buyers and competition may be based on such criteria.

Process

Research issues identified in the present study have also been described with some
limitations of project-based approaches to the analysis of product development. Another
point is that there arc different types of product development practices. This has
constituted an important question for the empirical research of this study: how to study
the information requirements of product development practices, not necessarily based on
product development projects as the main source of data. The decision on this question
has been made in the following way: iterative research work may allow the use of
phascwise use of different sources of data from a case company, while the purpose and
scope of the case study is kept clear. Another issue in the analysis of product
development projects is that a projeci-based approach may help researchers to focus on
specific aspects of product strategy, technologies and development practices with

deliberate use of product development projects as a source of data. Indeed, a praduct
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development project is the central unit of observation in many studies of product
development activitics (Cusumano and Nobeoka 1996). A related conclusion for the
development of the perspective in this present research is that project level focus on the
development activities can be argued to be a good way to start the empirical data

collection. This approach has been used in this study as a way to launch case studies.

Consequences

Previously shown aspects of the perspective development have been used as elements of
the development of the case study design and criteria. In this study the focus has been on
the product development processes and practices of industrial companies. Particular types
of product development projects have not been deliberately focused on as factor setting
requirements for the empirical study. Characteristics of product development process
performance (means ends approach) as a research topic may require that different
companies be used in the empirical research in order to obtain different perspectives on
the product developmentl processes and practices of companies. This also means that the
research setting does not have to be limited to any specific category of product
development processes like stage-gate processes (Cooper 1993) or development project

portfolios (Wheelwright and Clark 1993).

Eventually it is possible to summarise the chosen empirical case study research strategy,
and the related criteria for the case study design (what should be observed in the
empirical study) can then be listed: access to the product development process and
development practices used within different companies; the case study companies should
have a product development process; market based success factors can be used in the
definition of common characteristics of the firms; industrial or consumer oriented
industries and companies can be separated; conditioning factors of competitive advantage
typical to product development processes in certain industries can be identified; case
study can be started from a product development project, but it does not have to be
limited to a specific project, and different organisational mechanisms can be used for the

analysis of the product development practices in the case companies.
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This sub-chapter has covercd some aspects behind ihe development of the empirical
research perspective. In conclusion it can be said that different arguments have been
presented concerning what kind of issues should be considered as guidelines for the
research design of the empirical research. The selected research approach has been
chosen as a constructive case study approach. Next, a deeper description of the

development of the research design is given with observations from the start-up phase of

the empirical rescarch,

3.2 Development of the rescarch design and case study environment

The main principle in this research has been to perform a set of case studies in different
firms. According to the empirical research strategy, the purpose has been to construct
sufficiently defined and grounded framework to address the research questions of the
study. Here it is important to remind the reader that the empirical research has been
initiated based on the research questions, and related underlying theoretical aspects of the
study. Theoretical analysis and interpretation have been developed in an iterative manner
throughout the empirical research process. This chapter describes why and how some

selected case companies have been used to achieve this purpose.

Initially the strategy for the first phase of the empirical work was to perform follow-up
interviews with some industrial companies where different contexts, conditions,
processes and consequences would be looked for (Kools, McCarthy, Durham and
Robrecht 1996) that could help in the understanding and description of relevant variables
associated with the topic of product development processes and their performance. The
nature of the first phase of the research was quite hermeneutic and qualitative (Alasuutari
1993; Steyaert 1997, Steyaert and Bouwen 1997), to a great extent relying on the rich

information available from interviews in industrial companies.

The purpose of conducting a case study was to explore and analyse product development
processes and praclices in some selected firms. The reason to use case studies was that

they werc found to be an appropriate way to address areas where new research is needed
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{Eisenhardt 1989a). The main rcason and criterion for including different case study
companies in the research is that product development practices and processes may need
to be studied in ways where firm level differences can be observed. The conducting of the
empirical case studies covered both company level and product development project level
tssucs. Different companies within a specific industry were studied, in order to maintain a
market based perspective on the characteristics of the product development process

performance in a given industry (Loch, Stein and Terwiesch 1996).

In the previous section it has been already suggested that project level analysis of product
development activities might be an appropriate way to focus or start the data collection
activities. In earlier research activities project level approaches have often meant that a
survey of concluded development projects can be used as base for the data collection in
different companies. In these kinds of studies the selection of particular type of product
development projects such as failed and successful has been critical to the definition of
the research sample (see Cooper 1993, 2001). It is then also necessary that in this kind of
survey specific criteria for the sclection of product development projects to be studied can

be used.

In the present study selection of case companies has been based on focus on a specific
industry, in order to be able to address the theme of product development performance in
a somehow comparable manner between companies. Industry level focus on analysis of
development activilies has been an established way to conduct analysis of product
development practices also in prior studies (Eisenhardt and Tabrizi 1995, lansiti 1995,
MacCormack 1998).

Selection of companies covers the industry aspect of a research design. Further
differences or similarities between case companies are also dependent on other goals of
the research, what kinds of issues are being addressed with the research questions.
Another requirement for the case study companies is that they have product development
processes and utilise different product development practices, in order to develop a

research setting that corresponds with the characteristics of the research questions.
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In this present study, the rcsearch design and settings have been developed gradually.
Firstly, case companies were selected so that they represent different business areas,
resources and size of activities. Secondly it was felt important to analyse companies that
have either long or shorter expericnce in development activities. The resulting research
design achieved as a result of this study has offered possibilities to conduct empirical data
collection in both large and small companies, with differences also in their development
experience. Another important aspect of the case company selection has been the
organisation level approach to address the analysis of product development practices in
the case companies. The approach used in the research was also developed in an iterative
manner by building on literature reviews, empirical interviews and interpretation of the
tentative findings. The solution eventually has been that the main focus in the case study
concerns data collection from management teams of product development processes of
these case companies. A group level approach on product development process
management perspective has enabled an analysis of the aspects of the company specific
product development practices. In this way, the case study selection and analysis issues
have been focused on the product development process of a firm, and the product
development practices being co-ordinated by the management of the company specific
processes. A selection of case companies represents ways to study product development
in different kinds of organisational environments where issues like tasks and information
requirements may differ between firms, also in their technologies. In order to make this
possible, product development project level interviews were used as a way to build pre-
understanding and interpretation capabilities of the development processes in the case
companics. Entry phase into the company’s product development activities has then also
been done via starting the data collection with specific project level issues. This kind of
gradual approach has also been recommended when using qualitative material and case

studies as a source of empirical data (Eisenhardt 1989a, Gummesson 1991, Yin 1994).
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Case study setting-selection of cases and preliminary interviews

The empirical research process was launched in summer 1996. Some companies were
approached with a preliminary inquiry over the telephone. This stage of the research was
related to the writing of a paper by Maunuksela (1997). First, a longitudinal case study
process was started systematically at the beginning of 1997. It was agreed with case
company 1 that it would be possible to conduct interviews with a group of people in order
to study their product development process. At first, there were some meetings with the
whole group of people who were working on a product development project. The project
under observation was a third generation product improvement effort, which also
included also new product development tasks. Notes describing observations were taken
and analysed. It was also possible to analyse related project documentation. And to attend
some project group mcetings where progress of the work was evaluated and analysed.
During the same time another case study connection was also established with case
company 2 in the spring of 1997. Research arrangements were replicated from the first
case company. Now 1 could conduct empirical follow-up interviews in two companies.
Two streams of interviews in these companies were pursued. Interviews with both

managers of the product development process and project level teams were used as

informants.

These interviews were conducted for the collection of qualitative research material
according to the principles of qualitative field research (Alasuutari 1993). Here it is
important to clarify that the companies chose the case specific product development
project that was being studied by interviewing different people involved in them. The
researcher’s external perspective into the company specific product development work
evolved slowly through the interviews and discussions. This could be summarised as a
phase of two on-going interview processes with separate companies. The companies were
not competitors, which is an important point. They were operating in the field of

industrial electronics, but in different markets.
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The early phases of the interview process were very insightful, mainly because it was
possible to build up the interview process along the way, as one could learn more about
the companies. This current research was based on trust and the privacy of the interviews,
i order to gain understanding of the management perspective for product development.
The choice of these specific companies was also based on ideas gained from the study of
Loch, Terwiesch and Stein (1996). Thus the approach was to focus on companies within
more mature and profcssional segments of the electronics industry. In retrospect, we may
also argue that the role of technological competitiveness in these kinds of businesses is

quite important. Both casc companies I and 2 have been among the technological leaders

in their areas.

As mentioned before, it was possible to carry out freeform interviews. During the spring
of 1997 it was possible to attend some company meetings and to obtain personal
interviews with different individuals from the same company. As the work progressed it
was found that an interview scheme with two or three persons was quite reasonable for
the purposc of these early stage interviews. Two series of interviews, in different
companies, with the manager of product development (or research and development),
product manager and project manager were pursued. In the beginning these interviews
were documented by hand-written notes by the researcher. The interviewees from the
companies checked the notes in order to correct possible mistakes and

misunderstandings. Later on, I tape recorded most discussions for further analysis.

This phase of the research work could be described as a development of the empirical
research setting with selected casec companies. The phase represented a stage where two
first case study processes were launched and practised. The data collection pattern
emerged through interviews and discussions (Yin 1994). Interviews within two separate
companies included communications with about 5-10 people. Each individual, or
informant, was seen or telephoned approximately twice a month. Consequently, it was
also possible to move now to the next phase in the empirical research process. This
liming was one of the practical milestones during the research work, and it was a quite

good yardstick for the overall research process. Phase two began from May of 1997. The
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following summer and autumn were spent with deepening the literature analysis and
continued case study interviews with ithe companies. Comparison of the two cases was

also illuminating.

This phase of the research process helped to test the attractiveness of the idcas of
competitive priorities as a research framework to be pursued. Here it should be noted also
that the starting phase of the interviews was launched under the tentative research concept
of competitive priorities in product development®. It was possible to observe how case
companies I and 2 were very different in their development activities. There were quite a

lot of project specific issues thal were observed and analysed in these interviews.

Inclusion of new case companies

In April 1998 I decided to extend the empirical base with two additional case studies in
different companies. This also meant that new interviews with case companies 3 and 4
were now conducted in similar manner to cases 1 and 2. This was because more
experience from different product development processes was needed. I managed to gain
access to two other companies, and also started interviews in these companies. Later on, a
fifth case company was also added at a stage when the research had progressed beyond
these phases. As a whole, the year 1998 was mainly used for empirical research. Analysis
of the material available from the literature and empirical interviews helped to focus and

find the basic ideas on how to model the product development and research issues that

were targeted.
Characteristics of the business in industrial electronics
Companies involved in the present research have been focused on the industrial

electronics business. Finnish companies have been strong players in specific businesses

like industrial automation, process control equipment, energy production and

¥ This theme has gradually been celined into an approach where organisational information requirements approach has been chosen as
an underlying theoretical perspective Lo interpret and analyse the prioritics and performance of product development processes in the
companies. Compelitive priorities have then been used os a conceplual framework that has evolved owards more theorelical depiction
of the interprelation and analysis perspectives,
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transmission and environmental applications. The success of Finnish companies in the
industrial applications of electronics has been enabled by success in more traditional
sectors of our economy, like the paper and pulp and metal industries. These industrics are
still strong and evolving areas of the Finnish electronics industry. The industrial
electronics business is however nol as fast moving as some companies in the consumer
business. The markets for industrial electronics may be quite fragmented. The nature of
the industrial product development processes is also driven by the needs of demanding
customers. Overall, the Finnish business environment has been internationalising quite
rapidly during recent years, even though Finland has a strong tradition in international
trade. The Finnish electronics industry is a case of its own. The electronics industry is by
nature quite an international one. This is an important issue to be noticed, for at least two
reasons. The electronics industry is often directly facing international competition since
its components and technologies for design and manufacturing are bought from the
international market place. Secondly, this strong international aspect may have some role
in the development of both business and R&D practices in this industry. Business culture
and practices used belween companies may be inherently more international than in many
domestically focused industries. This study focuses on product development processes in
the electronics industry and the uses of product development practices in the pursuit of

different types of goals for product development.

3.3 Building of a framework

Analysis and interpretation of research material from empirical cases and literature is a
stepwise process where you cannol proceed unless you pace that process with modelling
and reflections. The analytical efforts of this study have resulted in a new conceptual
model, developed on the basis of product and process matrix (Wheelwright and Hayes
1978). The model differentiates between technological competitivencss and product
development performance. The model was based on the analysis of the empirical
interview data and literature. Next, step 3 is shown in order to describe the development

of the model framework.
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[ decided to try to build a conceptual framework according to the principles of product-
process matrix (Wheelwright 1978, Hayes and Wheelwright 1984), complemented by
relying also on the information requirements framework of Daft and Lengel (1986). 1
could rely on the premises embedded in the synergy between technological, marketing
and product advantage issues (Cooper 1993:310) and also use the associations between
various product development performance based development imperatives, at firm level
(Cooper 1985b, Clark and Fujimoto 1991, Wheelwright and Clark 1992). This phase
could be summarised as the conception of information requirements of product
development processes with a modclling of the balance between technological
competitiveness and product development performance. The exact definition of the
concepls and their relationships was also yet to be done. This conceptual leap from step 2

to step 3 may be illustrated with Figure 17, see below.

TECHNOLOGICAL COMPETITIVENESS

PRODUCT
DEVELOPMENT
PERFORMANCE

Figure 17. Positioning of the core concepts into a framework for a research design
{(Maunuksela 2001)

The basic premise behind this conceptual framework is presented. Technological
competitiveness illustrates the critical success factors of new product development
projects, and also success factors for the business in industrial electronics. Product

devclopment performance represents on the other hand the development imperatives for
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product development activities. Both variable dimensions have been also discussed in the

literature review.

This modcl represents a constructive approach to building a framework capturing the
synthesis from interviews in industrial companies. The development of this construction
to be used as a rescarch [ramework synthesised a triangulation process between literature,
empirical interviews and modelling attempts to cover the nature of the empirical
phenomenon targeted in this study. At this stage, conception of this kind of framework

concretised and enabled next steps to be taken in the research process.

To develop a way to make our research framework opcrational in an empirical sense, we
constructed a series of theme interview questions (see Appendix 1). This was one of the
critical stages of the research. It was enabled by development of a conceptual framework
based on the earlier observations. We elicited these theme questions from the experiences
with the first stages of case studies. The structure of the theme interview questions was
built analytically from generalities towards details and different contexts, also trying to
maintain the prescriptive requirements from Doty and Glick (1994). The theme interview
questions emphasised management of product development, reflecting the dimensions
and issues depicted by the conceptual framework. Next 1 started to look for appropriate
people who would be knowledgeable on issues such as technological competitiveness and
product development performance. While this process of extending the original case
study interviews with outsidc expert interviews was beneficial for the analysis of the
research issues in many ways, it was also noticed that similar type of theme interview
would bec a convenient way to end the case studies with the industrial companies.
Accordingly 1 produced a closcly comparable set of interview questions for the theme

interview to be carried out in companies.

Simultancous interviews in the case study companies were carried out and appropriate
experts to be interviewed for this study were also looked for. These people were selected
from outside, and independent from the companies that were already involved. Then I

decided to extend these theme interviews also 1o the case companies. Eventually 1
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concluded the series of interviews in all case companies {1-4) with a themed interview
with the managing director. This was a quite appropriate way for me to reflect on the
findings within the company specific product development process. These interviews
resulted in very valuable observations. In particular, the operational experiences and
observations from the interviews around a particular product development project could
be reflected in a theme interview with the managing director of the company. This
enabled me to really justify the management level analysis of the findings from the
context of the company specific product development processes. The theme interview
questionnaire for the discussions with managing directors of companies is shown in

Appendix 2.

3.4 Theme questions and expert interviews-main findings

The next step was to test the model with a series of expert interviews. A deeper
understanding of the concepts of technological competitiveness and product development
performance was needed, and their relationships as a way to study information
requirements of product development processes. This would be necessary for two
reasons: a} fo build robust definitions for the concepts, and b) to test these concepts in
discussions with different professionals involved within the area of product development,
So far [ have discussed how I elicited a conceptual model by synthesising literature
analysis with field research in industrial companies. 1t was found that a conceptual pair of
technological competitiveness and product development performance would be an
appropriate way to build a framework for the analysis of organisational information
requirements of product development processes. 1 also discovered a need to refine the
definitions of concepts. Here | aim to discuss what can be done with the model. The
nature of the research framework is a sort of dualistic typology between two types of
general success factors for product development performance. It was noticed that some
idcas from the literature concerning development of typologies and theory building could

be useful for the purposes of this study (Eisenhardt 1989a, Doty and Glick 1994). See
table 4 below.
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Table 4. Guidelines for the development of typologies (Doty and Glick 1994)

1. Typological theorists should make explicit their grand theoretical assertion(s)

2. Typologies must define completely the set of ideal types.

3. Typologies must provide complete descriptions of each ideal type using the same
set of dimensions

4. Typological theories should explicitly state the assumptions about the theoretical
importance of each construct used to describe the ideal types.

5. Typological theories must be tested with conceptual and analytical models that are

consistent with the theory.

I have interviewed 11 experts in the field of product development and technology
management, and four managing directors working in the companies where interviews
concerning product development projects had been carried out. These theme interviews
were done either by telephone or during personal meetings. Most interviews were tapc
recorded and transcribed into written text. The data from selected interviews will be
presented and analysed in some detail. These citations will also show who was
interviewed for this study. Such qualitative data was very valuable for the analysis of the
conceplual approach used. I learned that there are a lot of interesting and valuable
perspectives to the concepts of product development performance and technological
competitiveness. Each expert responded in his own words so I could analyse different
perceptions to the questions. Overall, additional information from both expert interviews
and company specific interviews with their managers could be found, as compared also

with the litcrature review.,

Critical observations from theme interviews (expert interviews)

[ tape recorded all interviews and transcribed them in detail. The interviews revealed
many interesting perspectives and views on product development performance and
technological competitiveness (Maunuksela 1999, Maunuksela 2000, Maunuksela 2001).

The analysis of the interview data was focused on the associations between technological
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competitiveness and product development performance. Here 1 cite material only from
two theme interviews (Kari Rintala (4/1998); Yrjé Neuvo (February 1999)). This is
because 1 found them to be associated together in some important ways. Both experts
brought up a very human approach to the questions being looked al. I selected the two
citations from Neuvo (1999) and Rintala (1998) because I believe they represented a most
generic way to look at the associations between product development performance and
technological competitiveness, these example capture also the core of the observations
from intervicws, by focusing on the different capabilities and orientations of individual to

the issues addressed with the interview questions.

They addressed the question at the level of individual capabilities and orientation.
“Individual” based approach to thesc questions could also be quite easily framed into
extended questions concerning project teams and product development processes (Brown
and Eisenhardt 1995). By starting from the idea that there may be some differences
between individuals™ belicfs and views on these issues I made a minimum amount of
assumptions concerning other factors that might also be important for product
development performance. These citations are adopted from interviews that were
performed as part of this study. These citations are presented here in the form of critical
observations. These observations are also such examples that address the issues related
with the information requirements perspective by Daft and Lengel (1986). The examples
shown here were so to speak the enablers for the saturation of the qualitative interview

part of the research process (Eisenhardt 1989a).
Elaboration on key observations from the expert interviews

It has been mentioned that a series of expert interviews and interviews with case
company managers were conducted as part of the empirical research process. These
interviews were carried out as theme interviews, reflecting the questions shown in
Appendices 1 and 2. All interviews were transcribed and analysed in order to develop an
interpretation and synthesis representing the research issues, especially the framework

shown where relationships between technological competitiveness and product
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development performance were addressed. Basically all respondents gave answers that
were often individual and reflected their views on the questions. This showed that the
material collecled from the interviews did not necessarily converge in simple way. The
development of the interpretation process was more a selection of a perspective that could
summarise and be representative of the data sample. Eventually a conclusion was made
that the responses where technological competitiveness and product development
performance were related with orientations and motives of the individuals working in the
development organisations would be a satisfactory perspective to summarise the findings
from the interviews. This conclusion was cspecially based on two examples picked up
from different interviews, these items have been adopted here as examples of key

observations from the interview process being carried out.

Both of the citations have been translated from Finnish to English language by the
researcher. The first citation has been adopted from the interview with Mr. Kari Rintala,
April 1998, (the related discussion was adopted from responses concerning question
number 15 in the expert theme interview questionnaire). The second citation has been

adopted from the interview with Dr. Yrjo Neuvo, 1999 (question 9).

Excerpt from the discussion with Kari Rintala, text below in italics:

Question asked by the inlerviewer:

“How would describe the role of business transaction complexity (high, medium-high,medium-low,low) on

the impacl of product development performance or technological competitiveness in the competitiveness of
the firms?”

ANswer;

“In small and medium sized companies the quality and performance of product development activities may
sometimes siffer if there is too much interaction with customers, this may mean problem solving and
correction of bugs. If interactions can be limited to the early phases of the product development process the
possibilities of success can increase, but if there is interaction thronghout the process then the start phase
isi't good, overdll efficiency becomes weaker. In the case of industrial electronics this may not be so much
of a problem, but if this happens in the constmer electronics business then problems can be significant, If
the company 's practices are not kept updated and contemporary the compelitiveness of a firm may suffer.
This is more general in consumer efectronics, but in future also in other sectors of electronics industry
where integration increases.”

Inlerviewer’s comment;
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“Do Lhese issues impact on the organising of product development, like in terms of a functional technology
based approach, project organisaticns, or product based, especially product architectures?”

Answer;

“Product based and product architectures might seem to be practical, it depends on the natwre of the
industry sector.”

Interviewer’s comment:

Could it be possible to separate different kind of prioritisation or lask focus principles against the concepls
of technological compelitiveness and product development performance? (Sce below an illustrated picture
drawn by the rescarcher at this point of the interview.)

Technological -« Product
compeliliveness development
performance

Response from Mr, Kari Rintala;

“This matier is more complicated. A sori of dynamic view on the role of seniors is also important. This is a
question of individual hunan characreristics. Other people are more satisfied with needs for strong focuis

while others may be more driven and aitracted by newness. it is a management problem, how you can
balance these things.”

A figure drawn by the interviewee:

1) A marrix of technological developnient
2) A matrix of efficient product development

“Senior engineers in product development
can be imvolved in many different things. They
move aronnd back and fortl in the organisation, thus
building a sort of basic element for the product
development in a firm.”

Figure 18. A double matrix model of product development suggested by Kari Rintala
(4/1998), and related to discussion in the interview situation

In another case, we had also an opportunity to interview Dr. Yrjd Neuvo. A citation on

next page illustrates a selected part of the discussion (as translated by the researcher).
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Question asked by the interviewer: “What kind of interdependencies, differences or similarities do you see
between product development performance and technological competitiveness?

Interviewee: " They are both a littfe bit similar. A good product has both of them. Product development is
efficient and competitiveness is good. That is how it goes and they can also strengthen each other. You need
both, but you have to have the right balance of those. That is evident. If you have very good product
developmenr, but you work with bad technologies, that does not work. And the other way around, teo. It
can be grite easy to forget either of these for the company. It may be that if you have a new spin-off
company from a university moving on with technological competitiveness. And another case could be when
a more established company, or a company with different kind of objeciives, is focusing on fast
development work. Then you might be faced with a sitwation where neither technological competitiveness
nor product development performarice is good.  You need to be good in botl areas. It may often be the
case that this question is related to different people in a company. An organisation must have people who
take care of this teclnological comperitiveness. And then they will bring it 1o product development, If we
look ar a highly trimmed product development organisation they have only very few possibilities to look
around, perhaps asking that what kind of technologies we could use in our work. This is quite important,
We have to refine and  develop new technologies inside the company fo the level swhere they can be swifily
adopted to prodict development. We adopt them into efficient product devefopment. In a way, you look at
product development as a moving train. And when the train is going you try to throw new elements of
technologies into ir”.  (Yrjo Neuvo, February 1999.)

These examples highlight ideas sclected to be representative excerpts from the scries of
interviews with experts. The decisions to limit these citations were based on two things.
The first point is that both respondents argued for this issue in a convincing and
converging manner. Secondly, given the possibility to interview different people with
these topics it became obvious that every respondent gave more or less different answers
from the other. So in this way, by looking at the individual level orientations on these
issues, I would actually adopt the nature of the substantial findings into a similar form of
inquiry for the survey. It needs to be seen as a “matter of managed balance”. People as
individuals may have different kind of roles or orientation needs to be considered as
critical factors in product development. This is basically a very human question, but also
a quite important one for the management of product development. The examples shown
can be interpreted as one of the fundamental trade-off questions associated with the
interpretation of information requirements in product development processes. We must

also look for additional responses to these guestions.
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3.5 Preparation of the questionnaire

This step 5 describes how the survey instrument was developed in the coursc of the
empirical research process. Discussion has been organised into a structure where the main
issues related with survey approach, response scales, pre-testing example, design of the
overall survey instrument, data collection procedure and preparation of group interviews

have been included.

The model framework was built around technological competitiveness and product
development performance. Practising product development engineers are not always
informed of these questions. One R&D manager (Company 2) said: “Produict inanagers
and project development managers should be knowledgeable about these issues”. In
another firm, the manager of a product division (Company 1) said, “Basically product
managers and product development managers are the people who are responsible for
issues like product development performance.” My interpretation from the previous
examples is that these concepts of technological competitiveness and product
development performance may or may not be taken into the professional vocabulary of
the product development processes of different firms. At this stage a choice had to be
made on how the model can be studied in the context of product development processes.
One alternative would have been to study and report in-depth case studies from the
different product development environments. By doing that, we could have highlighted
only a small group of issues associated with technological competitiveness or product
development performance. [ adopted a different approach. Instead of writing a specific
case study report | decided to develop a questionnaire that was going to be tested in the
different companies. This strategic decision grew out of the reflection between literature

and analysis cross-case comparisons between companies.

Devclopment of the survey research approach

The model of information requirements was operationalised into a framework of two

strategic performance areas: namely, technological competitiveness and product
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development performance. So far, my own data collecting work was focused on
interviews in different companies, complemented with expert intervicws. From these
sources large amount of qualitative information was obtained. The nature of the data was
descriptive, because I relied on the comments and replies of individual people. So if the
importance of financial performance or quality improvement were discussed, answers
given to us by the informants were made use of. The idea behind the work was that |
could utilise this information in a form of questionnaire development. But this was now a
challenge of how to link together the original research design, model framework and

survey rescarch methodology.
¥

Development of a response scale

[ was specifically looking for opportunities to test the model framework against the
realities of the observation environments that had been uscd in the interviews. So far, |
had already developed and elicited a conceptual model of the information requirements of
the product development process. [ had not exactly defined what was meant with these
concepts. After all, [ had performed a series of interviews targeted for the clarification of
these concepts. It was clear that some limitations and definitions were needed before
these concepts could be applied in the development of the survey questionnaire.
Development of the questionnaire was an iterative process. First I selected a list of key
issues and concepts from the interview data. Secondly these were developed into
statements to be used in the questionnaire as items or specific questions. There were some
real challenges in the definition ol the questions. My decision was 1o operationalize the
model developed earlier into a form of a response scale. I thought this could be possible
because | had a fairly broad approach for pre-understanding over the research problem
(Gummesson 1991). Eventually 1 decided to develop a new kind of research
questionnaire. The questionnaire was built according to the principles of scale
development (Hensley 1999) and typology-based theory building approaches (Doty and
Glick 1994). The model for statistical scale development process (Hensley 1999) nicely

describes the second step of the research. See Figure 19 on next page.
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Initial Survey Design
-Lileraturc scarch
-Consull cxperts

Preliminary Scale

Questionnaire
Development

-Define populations and
choose sample

-Design Survey
instrument

-Pre-lest instrument

Data Collection and

Analysis

-Preliminary Dala

Analysis

-Analysis of Reliability Reliable and valid
-Analysis of Validity scale

Figure 19. Typical scale development process in operations management (Hensley 1999:
355)

One key finding from the literature on product development processes is that
performance dimensions should be balanced, as a whole. Also, what was found from the
expert interviews suggested that perhaps two very different concepts could be integrated
into a response scale. Originally, product development performance and technological
competitiveness werc used as broad and open questions in the theme interviews. For the
development of the questionnaire we focused on the observations drawn from the
interviews with Kari Rintala and Yrjo Neuvo. A combination of views where extreme
(individual) nature of the concepts was associated with the need for balance between
them was seen as a concise way to look at the problem. This interpretation was not a
straightforward conclusion. In fact, I was already working in the ficld with the
questionnaire when it was discovered that the questionnaire was not ready. It happened
that in early June 1999 | tried to test this questionnaire in company 3 that was involved
wilh the research. We had planned for a meeting where this questionnaire would be

completed by the group of managers responsible for the product development process
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level work in this company. During that meeting it became evident that the
operationalisation of the questionnaire was not mature enough for the its practical use in
companies. Below I have included a couple of examples from the first version of the

questionnaire, see Table 5 below.

Table 5. An example of the first version of the questionnaire

Question 1.

Technological compelitiveness and product development performance are balanced
during our work in a new product development project, ...

Response scales

My opinion in general Confidence level The exlent Lhis is krue in our company
STRONGLY STRONGLY CONFIDENCE STRONGLY STRONGLY
DISAGREE AGREE  (FROM 0-10} DISAGREE AGREE

¢ 12 3 &5 6 7 8 92 10 ¢ 1 2 3 4 5 6 7 8 9 10

This version of the questionnaire was strongly criticized. One product manager said that
these concepts of technological competitiveness and product development performance
are two issues that are very much opposite to each other, at least for him. For him, it was
difficult to see how these concepts werc built into this questionnaire. So even though [
had built the structure of the thinking being looked for into the questions, we were still
missing the operational levecl required for survey research based objectives. Here I
encountered a problem of operationalisation, that was actually somehow converging
towards the [indings from the expert interviews. The following text illustrates what
happened in the first group interview. For this purpose, you may read an illustration of
the situation that occurred in case company 3, as the researcher perceived it. To describe
this, a part of the case company interview with case 3 (June 1999) is reported below,
according to the experience | had in the use of the questionnaire. This cxcerpt shows in
detail how some feedback from the respondents in the case company 3 helped to find new

ways to improve the questionnaire. Elaboration of the interview process includes
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narrative discussion from the researcher, and some comments from the respondents that

are shown in italic fonts.

This company was a product division opcraling as a business unit of a medium-sized Finnish high
technology corporation, Previcusly the researcher had had an opportunity 1o do a series of group interviews
with a couple of people from this company. Actually these interviews were quite epen discussions where a
specific team of product developmenl manager, product manager and a manufacturing cogineer were
explaining how one of their product development projects was progressing. So the researcher knew a
couple of the people before this situalion was arranged. I had made an appoiniment with a group of people
from company 1. This group of six people was named person by person by the manager of the product
division, when he was asked for permission 1o conduct a group interview with the people responsible for
the management and implementation of the new product development process at operational level. We

could call this proup a preduct development process management team. {The demographic data of this
group is introduced in Table 13).

This particular meeling began with a presenlation made by the researcher. The purpose of this group
meeting was introduced; namely 1o collect a set of responses to a survey questionnaire designed and
developed by researcher. So first the basic nature of the queslionnaire was introduced with some examples
from the current literature on product development processes and their management. Secondly, the precise
nature and background of this meeting were illustrated. Afler the purpose of survey was introduced it was
possible to distribute the questionnaires to the group. Then, before they began to fill in lhese queslionnaires
the researcher made a special remark on the nature of the key concepis in he rescarch. The researcher
introduced special definitions for the concepts of technological competitiveness and product development
performance. This elaboralion on the key concepts was seen as a necessary thing because othenwise every
respendent might develop their own interprelations of the core concepls that were used in almost all
questions. After Lhis stage il was then possible to let the team members get going with the complelion of the
questionnaire. (Here one may alse reconsider why in the first place it was thought necessary to do a group
interview within the company premises. Experience from empirical research suggested (hat if you really
need your queslionnaires 1o be returned you may consider the option of getling them back while your are
visiling a company. Otherwise it may be difficult to get back some of ihe questionnaires. )

Some time had now elapsed and all six group members were filling in their queslionnaires, Some concepts
had to be clarified by the researcher but olherwise it was going quite well, thought the researcher. Then
afier aboul ten minuies one of the product managers became irritated by the difficulties with the
questionnaire. So he made a strong question; “ / can not answer these questions, You are asking us to
evaluate some faciors against the balance of technological competitiveness and product development
performance? Right, the researcher said, This is because in many cases it has been shown that balance is
an important characieristic of many research results concerning product development, The product
manager replied: *for me, technological competitiveness and product development performance are some
kind of polar ends of different things (showing a t-symbol with his hands).” He continued; “ if | answer
your questions you will only get very fuzzy answers, that will be very chaotic to interpret. Thevefore I do
nor want to fill ont this questiovmaire.” S he put his questionnaire back on Lhe table. After that the other
members of the group began to parlicipate in this discussion with commenls. “'Yes, this is very difficuit jor
me." "1 just fifled them in, I did nor think about it that way..." So the outcome of the process was thal
cverybody returned their questionnaires withoul fully completing them.

The researcher was rather stunned; his questionnaire backfired and caused problems that were not naticed
in a couple of pre-test interviews carried out carlier. Perhaps it was because this particular product manager
had long experience in the design and analysis of market research questionnaires. So he explained to the
researcher after the queslionnaires were collected back.

At the end of this group meeting the other members of the group made some suggestions for the
improvement of the questionnaire. One woman who was a product manager said; “if you are so interested
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aboun tin balance of these concepts, why don't you just make a specific response scale where you could use
technological competitiveness and product development perforimance as the ends of the scale while putting
a balanced number like zere af the middle of the quesiionnaire.” The researcher replied that this kind of
version was considered earlier. But the researcher rejecled it because il might be too difficull. Bul it was not
a beller way to try Lo embed the question of balance with the questions as stalements used in the
queslionnaire. (A group interview with case company 3 in early June 1999).

So it happened that our first group interview with the questionnaire survey turned into a
situation where the questionnaire was criticized and evaluated. The original plan to
perform a short group interview with a questionnaire was becoming a real pre-test
siluation with the questionnaire under debate. It was a hard lesson. It is also important to
notice how the group behaved in this situation. The experience from this interview was
invaluable. Suppose the then suggested form of the questionnaire had still been used in
the other companies. We might have ended up with serious problems of reliability with
the questionnaire data analysis. So [ started to redesign the questionnaire. But I did not
change the decision to proceed with the intent to carry out a survey within the different
companies. This was because I wanted to try to build some tools and frameworks that
could be replicated in new research efforts. We talk here about building a survey
questionnaire instrument. This instrument would be grounded in the qualitative data from
interviews and discussions in different companies. Actually the research approach was
very much empirical. ] wanted to aim for results that would not be very case sensitive. So
far, the research had aclually progressed much according to the stages of scale
development. Hensley (1999) has presented a review of empirical scale development
papers concerning the area of operations management. The final form of the response

scale can be seen in the questions presented in Appendix 5.

Survey instrument

A number of critical choices were made in order to make the survey research approach
operational. These choices were related to the content of the questionnaire, structure of
the questionnaire, response scale development, linkages between existing literature and
the present work, data sample and data collection procedures and analysis methods.

These are addressed in the following sequence.
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Content of the questionnaire was limited to the core questions of the research. This
was resolved by selecting a set of interview results that were seen as essential for the
description of the research question. In chapters 3.1.2/3.1.3 we described how some ideas
about the linkages between technological competitiveness and product development
performance were found. Now that we werc developing a questionnaire based on the
interview resulls some representative ideas and questions from our interview data could
be selected. This procedure made it possible to link together qualitative research and
development of a more quantitative survey research tool. For most of the questions to be
included in the questionnaire, these were elicited from transcribed documentation from
the theme interviews with experts. Original data behind the questions is shown in
Appendix 3. There are also some citations from the literature that were thought to be a

necessary ingredient for the material from the fieldwork.

Structure of the questionnaire was developed simultaneously with the response scales
to be used in the questionnaire (see Appendix 5 for a copy of the questionnaire). The
survey questionnaire instrument consists of three parts. The first part contains basic
demographic information on the respondents. The second part contains a series of
questions concerning the perceived impacts {bencfits, performance improvement, etc.)
from the use of a formal new product development process (Cooper and Kleinschmidt
1991, Cooper 1993, Griffin and Page 1996). This series of questions was included in the
questionnaire because it represents a dynamic kind of inquiry where you are very likely
to need non-financial performance information. The third part contains a series of
stalements associated with the management of product development activities. The
number of these statements was limited to 33. These represent product development

practices chosen from the empirical interviews.

An important feature of the questionnaire is that it contains two different kinds of
response scales. This was done in order to test the operationalisation of the research
concepts. The first response scale is a Likert scale ranging from 0 to 10 (strongly

disagree, strongly agree) combined with an estimate of the confidence level of the
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response (0-10). A similar structure has been used, for instance, by Cooper (1993: 335-
339). A sccond response scale was developed in this research process. It is a scale that
combines two different kinds of concepts and their balance, in an ordinal sense. [ will

elaborate this second response scale here with some additional remarks.

When we want to design a new questionnaire instrument we need to take care of a variety
of things. Usually we also need to make plans for the mailing and collection of the
questionnaires. These previous questions are often dealt in the design of the data sample
and data collection procedures. In this case | focused on the research strategy. Therefore I
decided to stay with the companies that | already knew to some extent from the
Jongitudinal interviews. This meant that I would eventually look for data collection
opportunities within the companies involved in this research. Another observation from
many empirical research projects is that usually we can only get back a limited number of
questionnaires that we have sent to different firms. Depending on the project the average
response rate may range from 20-40 %. These kinds of results are typical of large-scale
questionnaire surveys. When thinking about this question with the present research
problem it became obvious that the necds for empirical information were different. There
was an opportunity for group interviews in the companies that were already known. ]
decided to aim for company-specific group interviews for the data collection phase. The

survey instrument developed in the course of this research is presented in Appendix 5.

Details of the survey instrument-some remarks on the balancing aspects

| wanted to design a questionnaire that would facilitate a kind of “balance mapping”. For
example, Pine (1993) has used response scales where scales were anchored with dualistic
typologies between concepts like one-of-a-kind or mass production. These may be called
a form of semantic differential scale (Nunnally 1978). We may compare the examples
from Case (1998), Pine (1993:267-276) and Cooper (1993:327-339). Pine (1993) used a
variety of different rcsponse scales that were often based on the use of semantic
differential scales (Nunnally 1978:612-613). Cooper (1993) has used more traditional

rating scales combined with additional confidence level indicators. | adopted some
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principles from both kinds of examples. The survey instrument is shown in Appendix 3.
Questions [-10 were constructed using Likert scales that are similar to earlier studies
such as Cooper (1993). Questions 11-43 were written with the second response scale in
the ordinal scale type. In summary, some constructive research phases were carried out
during which a survey model framework, conceptual definitions for technological
competitiveness and product development performance and survey questions reflecting
product development practices were developed. The form of the response scale uses the
theoretical framework used in the expert interviews and then it has been accordingly used

in the building of a semantic-differential response scale,

3.6 Methodological aspects of the empirical survey

In the literature review part of this research, a conclusion has been presented where a
particular type of conceptual framework has been adopted. This is the idea of
organisational information requirements by Daft and Lengel (1986). This theoretical
framework has also been used here in the empirical analysis of the survey data.
Methodologically this presents a synthesis in the research process in this project. Here an
overview will be presented in order to describe how the ideas of the organisational
information requirements have been used in analysis and building of the empirical survey
and interpretation perspective. The purpose of this discussion is to integrate together key

aspects of the literature review and empirical research process.

The empirical research process described earlier has focused on specific concepts like
product development performance and technological competitiveness. These concepts
present the approach and perspective chosen here for the analysis of the product
development processes and development practices. These concepts have also then been
analysed with the ideas of organisational information requirements for product
development practices. The empirical research process described has focused on the
interpretation and individual orientation to the concepts of product development
performance and technological competitiveness. Secondly, these concepts have also been

utilised in the development of the survey questionnaire. There remained two issues that
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needed to be completed in order to finalise the empirical research process. The first one
was to make the survey questionnaire operational. The second was to define how the
organisational information requirements perspective would be applied in this research.
The resolution of these questions crystallised during the preparation and analysis of the

empirical data.

Both technological competitiveness and product development performance could be seen
as representative information requirements for the use of product development practices,
and also for the management of the product development process. Key issues observed in
the empirical interviews were related to a question representing the underlying theoretical
perspective: how can we study information requirements through the practices used by
firms? This question became a matter of importance. The answer to this question was
then developed. It may be possible to analyse the practices used by firms with the
information requirements typical to product development processes and how individuals
and groups might interpret such issues. These questions have been addressed herc by
linking organisational information requirements perspective with the use of product
development practices. Empirically this was resolved by designing a structured method to
use the questionnaire in the collection of empirical data. This was aiso complemented by
developing a statistical analysis perspective that enabled the construction of the analysis

according to the ideas by Daft and Lengel (1986).

The starting point for the analysis has been to focus on product development processes
and development practices. The second issue has been that the ideas of organisational
information requirements suggest that issues like equivocality and uncertainty may be
related with the organisational tasks and practices (Daft and Lengel 1986). These

guidelines have been used in the development of the survey questionnaire and its use.

The ideas of Daft and Lengel {1986) suggest that there might be two different types of
variation regarding the organisational information requirements. These are equivocality
and uncerlainty. In the literature analysis it has been concluded that these issues can be

also seen as information contingencies from the perspective of effective information
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processing in the context of the product development organisation. The example of Daft
and Lengel’s (1986) conceptual model suggests that it is possible to separate four types of
organisational information requirements: originally conceived as routine technelogies,
engineering technologies, craft technologies and non-routine technologies. These four
types are based on combinations of both high and low equivocality variables, used
together with similarly categorised levels of high and low uncertainty. The notion of
technology has been replaced here with a concept of practice, enabling the use of the
descriptive framework then in terms like routine practices, engineering practices, craft
practices and non-routine practices. Using the concept of practices instead of
technologies may be more suitable for the related discussion where product development
processes and practices will be analysed. Organisational practices can also be used in a
comparison and analysis of organisations and their differences, as was also the original
purpose described by Perrow (1967), whose ideas Daft and Lengel (1986) have further

extended towards the information requirements perspective.

According to Daft and Lengel’s model (1986) it may be possible to argue that uncertainty
and equivocalily may vary together, as a function of the organisational unit or resources
performing the information processing and problem-solving activities. It was then also
possible to arrive at the conclusion that product development practices and their use may
be related with the co-variation of uncertainty and equivocality, as interpreted by both
individuals and groups participating in the product development processcs. This finding
led to a “bottom-up” idea where the basic elements of the survey instrument and
empirical data could be used in a way that is comparable and consistent with the ideas of
Daft and Lengel (1986). In summary, it can be concluded that this empirical research
process has been converging towards a new survey instrument and its utilisation in
distinct phases: selection of main concepts (technological competitiveness and product
development performance); picking up of related observations (derivation of product
development practices); construction of a survey instrument (modelling of the use of
product development practices within product development process of a firm);
understanding of variation with the ideas of organisational information requirements and

finally the statistical treatment of the data with specific frames of interpretation. These
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main issues will be next described shortly, starting with a Table & shown below, that

presents the flow of the analysis.

Table 6. Derivation of interpretation between theoretical framework and empirical survey
method

1. Co-variation of uncertainty and equivocality (Daft and Lengel (1986)
A

Equivocality | ~—vr e -
“Producl development praclices

Uncertainty

2. Representation of product development practices in the questionnaire

xx. Top management of our company is typically priorilising issues which are important for

Technolog:zl Product derclopment My oyumation on ke confidence tkag |
Compeutivencas Emphasis on Ferlormance could o e 3 refaable answer oo tha question
Dalancing both LO-10)
685 40 2101 23 408 6 7
L — varialion Lype A---------- -2 <varialion type B>
{Inter-quartile range) {Median)

3. Utilisation of the variables in the analysis of equivocality and uncertainty

Equivecality can be eslimaled from variation type A by calculating inter quartile range
slatislics describing Lhe levels of responses reflecting respendents perceptions in the use of
product development praclices {(means) in order to address specific ends like technological
compeliliveness, product development performance or a balance belween them.

Uncerlainty can be estimaled with a median slatistic that characterises lhe variation n the
levels of confidence reflecting levels of uncertainty in the questions as the respondents saw it.




ACTA WASAENSIA 97

The underlying framework of information requirements has been a guideline for the
analysis. A kecy decision in the approach chosen has been to view equivocality in ways
that might be argued to be associated with the relative deviation and variation in the
responses concerning the positioning of the questions in terms of the ratings between
technological competitiveness and product development performance. Relying on the
basic statistical information from the empirical survey has enabled the partitioning of the
data sets into these groups. Two types of partitioning have been applied. The basic idea in
this partitioning has been based on the idea of using appropriate statistics for variables
based on the ordinal response scale (Vartia and Vasama 1971a, 1971b). Median and inter
quartile range values have been calculaied from the survey data according to such
principles. The core ideas behind this statistical ordering and stratification can be
described best with a figure of flowchart showing the process flow of the data analysis.
Similarly this kind of table is a convenient way to visualise how the logic of the original
framework of Daft and Lengel (1986) can be adopted as a procedural guideline for the

analysis of the empirical survey data. See Table 7 on next page.
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Table 7. Data analysis flow

ACTA WASAENSIA

1. Collect and Lype the survey
data into a spreadshect program

2. Calculale median and inter
guartile range staustics for cach
variable in original data set

3, Order the original data according 1o the inter
quartile ranges calculated from the rating scale
A into descending order

4. Caleulate then o median
value of the inwer quartile range
slatistics fram the rating scale
A (Inter quartile ranges for
variables based on rating scole
A cnables the use af dispersion
in the respenses to be analysed

5. Split the original data set
into 1wo subsews {1,2) below
and above the median of inter
quartile ranges from the rating
scale A (Variables ranked
below median can be grouped
logether, remaining variables

6. Order the data seis 1 and 2 based on the
medians from rating scale B, Calculate thena
median value of the variable medians from the
raling scalc B with the values lor bath subsels 1
and 2, {This cnablcs use of rating scale B in the
parlitioning of the data based on uncertainty
Median of medians siatistic ¢nables distribution

as a characteristic of the
equivocality of the issues.)

equal or greater than median
value are put into other group.)

free partitioning of the variables based on
ordinal response scales inlo two subgroups.)

7. Split the new subscts of data
(1,2) into their farther
respective subsets (1a, ib; 2a,
2b) below and above the
median of the medians (rom
the rating scale B

8. Analyse the basic statistics
avaitable in the four subsets ol
the original overall daa in
order 1o classify cach set with
the deseniplive ideas lrom the
model of Da and Lengel *86

9. Interpret und analyse the results with
examples provided by the Daft and Lengel
(1986} descriptions. Validity and verification of
the resulis is also recommended wilth [eedback
NI YIeIWS.

An exomple; High equivocality, low uncentainly

“Occasional ambiguous, unclear events, managers define questions, develop comman grammar, gather opinions.” {from
Daft and Lengel 1986)

~high values of inter quartile mnge lrom rating scale A,

~high levels ol conlidence from rating scale B (above the median), ete. (All four main calegories can be linked Lo the
stratified subsels of the data from the survey questionnaire).

Addiuonal camment-

-All four subsets of the data also contain the information based on the meaning of the rating scole A, 1o evaluaie cach
practice between technelogical competitiveness, product development performance, or a balance between them,

-The median of rating scale A can be vsed in ordering the variables within the subgroups. This gives more logical
slructure to analyse the results as each vanable can be also evaluated in terms of how il has been interpreted by the
respendents, For example, some practices seem 1o be elearly more related with the (echnological competitiveness, while
others can be also related with product development performance. These differences give insights into the role of
different product development practices as seen by the respondents, This complements the analysis.

Equivocality has been estimated by calculating the inter quartile range statistic for each of
the variables from the response scale A. The inter quartile range (IQR) statistic provides a
method to describe dispersion in data which is based on the ordinal response scales. Then
variables were ordered according to the relative level of dispersion of the variables.
Higher ranges in IQR-statistics represent accordingly more variance in the judgements of
the respondents. Lower levels of the range then imply more consistent rankings for the
variables. In this way it has been possible to utilise inter quartile range statistic (IQR) as a
measure of dispersion, reflecting the relative consistency in the responses of the groups.

The first partitioning task has been to divide the data set into groups where vartables
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above and below the median of IQR were separated. This provides a way to describe the

relative differences in the equivocality of the role of the development practices.

Uncertainty based partitioning has been carried out by using the ordinal response scalc
for the confidence level related with each question. Again the basic statistic for the
confidence levels has been the median. After the first phasc of partitioning the subgroups
reflected the proposed high and low equivocality differences between the variables. The

second phase of the partitioning concerned the uncertainty related with the practices.

The statistical nature of the second partitioning has been different. It was possible to
utilise the high and low values of confidence levels. Therefore the median of the
responses of each practice could be used. The remaining partitioning task was to divide
these two groups into their subgroups based on the differences in the unccriainty levels.
The nature of the partitioning problem could have been approached in different ways. It
was decided that a median of medians based partitioning would be possible. This means
that the medians of different practices can be used in the analysis of the partitioning
problem. By calculating a median of the medians from the confidence level responses
concerning the praclices it is possible to find a way to divide the practices into above and

below the median, hence presenting differcnces between practices in their high or low

uncertainty.

These two partitioning phases are based on the methods fit for the use of the data based
on the ordinal response scale. Median and inter quartile range can be used for this kind of
data as measures of central tendency and dispersion. Median and inter quartile range can
be used in the analysis of the different product development practices. Then the
utilisation of the relative differences between these statistics enables an ordering
procedure that is based on the ideas of the Daft and Lengel’s (1986) conceptual

framework for erganisational information requirements.
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3.7 Empirical research design and structured approach for data collection

Having developed an approach to use empirical data in a way that can be linked with
underlying theories, it is then also important to cover the data collection issues and the
principles in the use of the survey tool. This study has been designed on the basis of an
empirical research strategy. It was decided that a questionnaire would be used in
empirical data collection from case companies. This was linked to the opporiunity to

work with different companies that had already been involved in the study.

Five different companies were used as cases, in order to obtain more variation in data
collection, The companies represent varying lypes of businesses related to industrial
electronics. This specific business sector was used consistently in order to get sufficient
focus on an industry. Each case was analysed with a similar type of systematic process
where we started with follow-up interviews at a project level and finally closed the
project level data collection through an interview with the managing director of a firm
where we could verify our main findings from the cases. Table 8 shows information on

the characteristics of case companies.

Table 8. Description of the case companics

Case | Case2 Cusc 3 Case d Case 5
Firm Product division Product division Product division Medium sized Medium sized
Turaover < 1 billion FIM < | billion FIM <500 million FIM < 500 Million FIM - >500 Million FIM
Profitability Very good Good Very pood Improving Improving
Employees <500 > 500 <200 < 500 <500
Markels Global Global Global [niernational International
Annual growih 5-10% 3-10% 5-10% 10-15 % 4-§%

I'roduct strategy

Technology leader

Technical characteristics

Technical leader

Product leadership

Custom products

System supplier

of the project Produel family System product Mew producl New customer System product
rencwal platform extension  family praject

Producl

development

[Tocess

cliaraclerislics New product Software driven Solware Project Praject
process process driven process managemcenl managemenl

Expericnce in =10 years =3 years >3 years 1-2 years 5-10 Years

Product development

Process

Management

Approach Department Department Department Project Department

level

organisation

organisation

organisation
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The selection of these case companies occurred gradually along with the progress of the
research. The main criteria in selecting such companies were based on the need to collect
evidence and examples from different kinds of product development processes. It is also
possible to say that thc case study logic behind the selection of the companies was
congruent with the purpose of covering different aspects of information requirements on

the product development processes.

Each company has a business and technology focus in their own markets and customers.
Still these companies operated in a similar type of industry in industrial electronics.
Gaining access to dillerent companies within a particular industry has been a critical
issue in this rescarch. Each company then also fulfils a place in a case study setting,
which is important. For example, the analysis of product development performance in
different companies may have enabled a comparative analysis of technological
competiliveness as a critical issue for the management of the firm’s development
processes. The comparison of the case companies can also be illustrated with a matrix

characterising the resulting research design including these five organisations, see figurc
20 below.
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Case 1
Case 2

Case 3

Large A
Company
Medium
Sized
Company ®
Case 5
@
Case d
Small
Company
Short experience in use of
Product development
Processes

>

Long experience in use of
product development
ProCcesses

Figure 20. Case study selection and development of research design for multiple case

studies

After having developed a response scale for the survey we could present the overall
research framework developed for the analysis of product development process and
development practices. An illustration below shows the structured approach for the

empirical data collection and analysis of product development process and development

practices, Figure 21 on next page.
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Technological competitiveness is delined as
success at product market competilion
linked Lo lhe creation of lechnology specific
compelencies with business specific
capabilities of the company.

Producl development
process is Lhe sequence
of steps Lhal a firm
employs to conceive,
design and
commercinlise a
product (Ulrich and
Enpineer 20000

reloted use ol
development practices

“Producl development performance is
‘somelhing’  that is produced {lhe
amount, quantity, or iotal produced) or it
is resulting from Lhe act of product
development [unction of a company.

L

Figure 21. Empirical modelling of product development process level use of
development practices, with definitions of key concepts

The model framework covers two overlapping definitions of elements of product
development process level performance issues. Notice how the basic definition from
Ulrich and Eppinger (2000) has been used as a starting point to approach process
performance. This modelling framework shows also how we have approached the
concept of product development performance here in this study. The sequence of steps

also underscores the phase wise approach that is often used for the management of a

development process.

Firstly, the product development process is seen as a sequence of steps used by a firm in
the conception, design and commercialisation of product. This definition highlights a
stepwise nature of development activities, without limiting the notion of product
development process to any specific step of development. Next the performance targeted
with the product development pracess is modelled with a principle where technological
competitiveness and product development performance are used. Technological

competitiveness has been defined in a manner that seeks to describe a linkage between
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commercial success in product market competition and its leveraging impact on the
development ol both the technical and business capabilities of a firm. Technological
compelitiveness is then related with the ways in which new products are commercialised
in a firm, with the help of their product development process. This aspect of the
modelling framework describes the longer-term development and impact of learning from
new product success on the development activities in a firm. Secondly the concept of
product development performance is used as a complementary performance dimension to
the technological competitiveness. Product development performance has been defined
here in a way that is more generic than any particular dimension of process perlormance
like time, quality, costs or flexibility. This whole concept of product development
perlormance underlines that there are important performance expectations for product
development activities in a firm. The idea is that performance is so important an issue for
firms and development managers that the role of product development performance is
managed in ways where the overall output from development activities is analysed. This
suggests that besides longer-term measures and achievements like technological
compelitiveness the shori-to medium term issues are also critical to the management of
product development processes. Project-specific definition of time, quality and costs are
basic ways of how to actually measure development performance. Use of a more general
definition of product development performance characterises more generically the role of
product development performance as an important goal for a firm and its product
development process. It is also a matter of how product development performance is
interpreted by different individuals and groups. In this present study these definitions
have been used in order to develop an interview process. These definitions have also been
critically evaluated in the pre-testing phases, and it has been concluded that these provide
differentiated roles for both technological competitiveness and product development
performance in overlapping ways. Technological success alone is not enough but other
additional performance dimensions are also critical to the benefit of a firm. This
modelling framework describes how the survey instrument was introduced and presented
lo the teams responding to the questionnaire. The conceptual definition of technological

competitiveness and product development performance was carried out through reflecting
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the original premises behind this study, the findings from the literature analysis, results

from the case studies and cxpert interviews, and finally pre-tests of the questionnaire.

Finally, an empirical survey was performed in different firms. Data collection was carried
out via group interviews while the researcher visited these firms. Basically data collection
was carried out in a normal meeting, as scheduled by the firm. To be more specific, |
prepared a structured interview session for this purpose. The session was started with an
introduction by the researcher and then continued in a stepwisc manner where the
respondents filled two parts of the questionnaire after the researcher had made sure that
the basic concepts and question forms were described and shown with examples to the
respondents. As a part of the session protecol we used a specific definition of the product
development process. For this purposel adopted the definition for a preduct development
process by Ulrich and Eppinger (2000): product development process is the sequence of
steps that a firm employs to conceive, design and commercialise a product. This kind of
generic definition of a product development process was used in order to align the
respondent’s orientation towards the theme of the survey. The real-life nature of the
survey process could be quite imporlant for case study research (Yin 1994). The goals
with carrying out the survey in the companies were twofold. First I wanted to analyse
how the management groups of the firm’s product development processes have
responded to these questions. This will tell us something about the differences between
firms and their product development processcs. Secondly, as the survey was exploring
some new issues and methods, I wanted to be very careful in collecting the material with

this kind of structured method.
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4, RESULTS

This chapter contains the results from the empirical survey. The purpose of the analysis
and discussion is to provide answers to the research. The discussion is structured so that
the first part of the text is related to the introduction of a new survey and analysis method,
and the second section focuses on the substantial interpretation and elaboration of the
case study results collected with the survey approach developed for the resolution of the
research problem theme. By the end of this chapter we will have produced empirical

results and analysis that concern the two questions given below:

1) How might the technological and competitive settings of a firm impact the uses of
product development practices within a product development process?

2) How could we analyse different types of product development practices and their
implementation in the product development process of a firm?

4.1 Survey

This part describes the analysis of the empirical results obtained with the survey approach
that has been developed as part of this research. Specifically, this discussion and analysis

also responds to a research question we have stated for this study.

In the literature review we have discussed how organisational information requirements
link together both the information processing context and the substantial issues being
processed there. Here such information requirements have been analysed in tcrms of the
product development performance. Product development process performance has been
discussed in ways where both project level and company level issues are addressed.
Long-term aspects of product development process performance can be depicted in the
analysis of new product performance and product development performance. Meanwhile

in the process while the project is in progress it has also become more important to be
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able to ensure organisational effectiveness and balance in product development activities.
Some characteristic measures like balance and focus have been related with effective
product development processes (Cusumano and Nobeoka 1996). But still the underlying
nature of development activities often remains contingent to firms, its strategies,
resources and technologies. This is in a way a synthesis where it is argued that perhaps
new ways to model the product development process level performance activities can be
developed in order to improve our understanding of effective product development
processes. Diflerent aspects of such processes have already been discussed in the
literature review. This chapter builds on the earlier discussion and shows the results
collected from empirical case studies in the industry. The research framework and
approach have been planned to cover some of the challenges related with the analysis of

product development process performance.

The analysis is presented in a structured manner that integrates together the research

design, research approach, case study environments, data analysis, discussion and

implications.

4.1.1 Data sampling and case study research design

The study focused on five firms conducting their business in the industrial electronics
industry. The background characteristics of these firms have already been discussed in
the description of the empirical research process. Here I want to present the empirical
results from the study of different kinds of product development processes in a way
where the firm level differences may be used in the discussion of the results. The basic
logic for the study is based on case study research (Yin [994). Considering the nature of
product development processes, we could draw a figure that illustrates some principles
considered in the selcction of the cases. Morcover, it was important for the case study to
be able to cover varying types of product development processes. Especially in terms of
the issues related to equivocality and development group experience we have therefore
focused on the analysis of management teams of a product development process in

different firms. There was the possibility to conduct the survey in five companies; these
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arc all different from each other (and they are not competitors). The differences between
these firms also justify their role in the research design. The firms have used different
types of product development processes and practices. We have not gone into the details
of the technologies and products being developed by the firms. Rather we have tried to
find different kinds of business environments of firms operating in the same type of
industry and to develop the possibilities to carry out a survey with a standardised process
in these firms. Thus the intent of the case study has been to test and experiment the
analysis and data collection procedure we have developed here in this research. Then the
background information from the cases can be used in the interpretation and review of the
results obtained. Table 9 below describes some statistics describing the companies. The
following tables also give detailed background information on the respondents to our

survey in different case study companies.

It is also important to note that the differences between companies enable us to construct

a research design as described in the research mcthodology design.
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Table 9. Survey participants: Management team demographic data from the case

companies
Experience in lask  Years in NPD process
Case (years) company experience (years)
1 Valid (N) 8 8 5
Missing 0 0 3
Mean 1.6 10.9 33
Std. Dev 1.3 5.8 2.0
2 Valid(N) 13 13 12
Missing o 0 l
Mean 5.9 11.9 7.9
Std, Dev 32 3.7 4.7
3 Valid (N) 5 5 5
Missing 0 0 0
Mean 6.3 7.5 7.5
Std. Dev 5.4 5.7 5.7
4 Valid (N) 4 4 4
Missing 0 ¢ 0
Mean 1.8 2.0 1.8
Std. Dev 0.5 0.8 0.3
5  Valid (N) [ 6
Missing 0 0 2
Mean 2.8 3.5 3.7
Std. Dev 1.9 22 2.3

The data above shows that management teams in five companies differ in their size (4-
13), company experience and NPD task experience between organisations. There is also
variation in the length that these people have been working in the management team. I
will show more detailed data on these groups when I discuss the company specific
findings. Here in the beginning it can be perhaps sufficient to summarise that these
different groups offer us an environment of different cases for the empirical analysis.
Moreover, the purpose and opportunity of visiting different companies also offered us a
way o create additional variance necessary for the examination of the underlying theories
behind the intentions of the study. As could be expected, that companies’ management
practices for the product development processes varied, and companies also used
different kinds of technologics and product strategies. Companies were also different in
their experiences and resources for product development and R&D activities. Together

these company level differences and characteristics enabled us to combine both group
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and individual team member level demographics as descriptive variables related to the
characterisation of the case companies. Different companies could be then mapped into a
two-dimensional grid linking the size of the management group with the expericnce of

the people in the management tcam, see the illusiration below, Figure 22.
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Figure 22. Differences between the case companies® at the level of the management
teams of their product development processes

The figure above can then be used as a framework in the presentation of our results, and
also in order to illustrate the differences between companies. Tables 10-14 show the
demographic data on the casc companies product development process management

teams. These groups participated in the survey.

® These numbers arc averages from (ables 21-25. The size of the management leam and their experience of
working in the company is compared.



Table 10. Survey participants in case company |

Posilion

Education
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This task

Experience

Company

NPD process

Producel
Development
hanager

Product
Development
Mamager

Product
Development
Manager

Producl
Development
MManager

Research
Manaper

Product
Drvelopment
Manager

Product
Development
Manager

Product
Development
Manaper

M.Se {(Eug)

Q. Sc. (Enp)

B.Se, (Eng)

M.Sc. {Enp)

M Se (Eng)

B Sc. (Eng)

&.5c (Eng)

M.Sc. (Eng)

(]

0.5

111

* These ilems were not available in the survey dala
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Table 11. Survey participants in case company 2

Posilion Education Experience (in years)

This task Company NPD process
Project
Manager M. Se (Eng.) § 13 *
Product
Manager M. Se. (Eng.) [ 6 6
Project
Manager B.Sc. (Eng) 5 14 10
‘Technical
Suppon B Sc. {Eng) 01 10 1,8
Manager
Praduct M. Sc. (Eng) 10 16 7
Monnger
Project
Manager M. Sc. (Eng) 5 10 3
Director,
R&D Dr. Se¢ (Eng) 5 16 16
Project
Manager M. Sc. (Eng) 25 15 23
Praject
Manager M. Sc (Eng} =10 4 4
Project
Manager M. Se. (Eng) <| 12 8
Product
Manager M. Sc. (Eng} g 15 13
Project
Manager M. Se. (Eng) 7 11 i1
R&D
Manager Lic. Sc (Eng) 1,5 125 10

= These ilems were not available in the survey data
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Table 12. Survey participants in case company 3

Posilion Education Expericnce

This lask Company NPD process
Product
Manager M.5c. (Eng.} 8 17 17
Product
Manager M Se. (Eng.) 2 2 2
Product
Manager M.8¢. (Eng) dq 8 8
R&I>
Munager B.5c. (Eng) 15= 5 5
Product Lic.S¢. (Eng) 25 3,5 55
Manager

* This particular respondent may have responded based an career experience, nat on task ¢xperience in this, which is noted here.

Table 13. Survey participants in case company 4

Position Education Experience (in years)
This task Compnny NPD process
Designer Engincer 2 2 2
Designer ‘Technician 2 3 2
SW designer B.Se, M. Sc. 2 2 2
Design Engineer M.Sc. 1 1 1

Table 14. Survey participants in case company 5

Position Education Expericnee (in years)
This task Company NPD process

HW Dasigner Engineer 5 5 5
‘Fechnology manager Dr Tech. 1 1 !
HW Designer Engineer 2 6 6
Senior designeng.  Engineer 3 3l 3
[V Designer ‘Technicion 5 5 .
SV Designer Engincer 1 1 .

* These items were not available in the survey dala
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4.1.2 Case study design elaboration

The five case study companies have been analysed here as a group of companies. These
companies have distinct roles in the research design. Case companies 1 and 2 are product
divisions of bigger international corporations. Several research interviews were carried
out with these companies in 1997-98, Their role in this research design is to present such
companies that are bigger and often have longer time experience in more systematic
product development processes and practices. This issue can be for instance described in
the observations that both cases I and 2 have simultaneously relatively larger and bigger
invesiments in new product development and technology development if compared to
case companies 3, 4 and 3. Similarly, the product development organisations in these
firms are more established and also larger in their scale of product development
operations. This big firm perspective offers us a way to look at their management team
approach for the running and organisation of development activities. These management
groups in cases 1 and 2 have had rather organised meetings for a number of years where
the roles of management teams have also been established into better routines and
developed than in small companies. Management team members in these bigger
companies were mainly project managers and product development managers. This is an
example of the natural difference between bigger and smaller companies (3,4 and 5)
where in these latter cases the management team representatives were often designers or
engineering specialists. Thus the management of product development process in the
bigger companies is based on this side on more high-level task positions in organisations
than in smaller firms. Also, the size of the product development and R&D resources in
these companies was bigger. In comparison, the size of the organisation in the bigger
companies was around one hundred people or even more. This difference in the size and
resourccs of product development organisations does have some important characteristics
when compared with the smaller firms. For example, the uses of performance
measurement mechanisms and project management approaches have been better
systemaiised and established in thesc firms. One additional observation concerning the
role of the bigger companies is also that they may need to use a wider repertoire of

product development practices and organising means in order to effectively run their
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devetopment operations. This is also quite directly linked with the approaches used for
the management of the development work. In bigger firms it was observed that the use of
technology strategics and new product strategies was more complex and somewhat more
advanced than in the smaller firms. From the perspective of the product development
processes this implies that the dimensions and aspects of product development process
level performance were also morc complex than in the smaller firms. Also, in the bigger
firms their rclationship 1o the balance betwcen technology development and product
development is more delicate. In order to manage a bigger organisation these firms have
used teams, quality programmes, and matrix organisation and supply management co-
ordination. Cases 1 and 2 also represent examples of muiti-product firms where the
overall role of R&D and product development is often co-ordinated at the level of
corporate technology management and R&D. Moreover, in the case of bigger firms it was
observed here that their product development operations are often more distributed and
internationalised than in the smaller companies. This makes it necessary to be able to run
product development processes and projects in distributed and international
environments. The observations have been here collected from these firm’s Finnish
locations, so the international or distributed nature of their operations is not directly
considered as a parameter of the research design of thestudy. Nevertheless, these issues

are also important attributes of these firm's development practices.

Case companies 3, 4 and 5 are thus a little different from the bigger firms mentioned here
previously. Particularly cases 4 and 5 could be sometimes seen as suppliers and
subcontractors to companies like | and 2. These cases 4 and 5 have a strong
manufacturing emphasis in their operations. In a way, we can argue that the importance
of the smaller firms here is an important perspective, as we can also sec product
development processes from a specialised suppliers perspective. Also, we need to noticc
here that companies 4 and 5 are not really very small companies. It might be better to
describe them as small and medium sized companies. The role of product development in
these firms is also strategically different than in the cases of firms | and 2. For these
smaller firms, the role of product development has been a business based imperative

when the supplier’s competitiveness in their business may have required more enhanced
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capabilities for supplier involvement. This also is a factor that implies that the relative
history and experience in product development in these companies is shorter when
compared to the longer history and traditions in the bigger firms. One very important
aspect here is that for these manufacturing oriented companies the relationship between
technology development and product development is a different type of challenge than in
the bigger firms. Small firms like these are not always so fully self-sufficient in their
knowledge and resources for new technologies. Whereas the bigger firms can often carry
out deeper and long-term research activities, these small firms focus more on business
and application oriented product development. For these smaller firms studied herc it has
been typical that their product development activities have been started in order for them
to be able to improve the value-added to key customers, especially customer relationships
developed between such companics. In case of really demanding and changing
technological challenges it might thus be possible that these smaller firms may have to
rely on their partners and consulling relationships in order to resolve critical problems. In
a way it can also be argued that manufacturing based firms like cases 4 and 5 are
sometimes dependent on their key customers for the new knowledge on technical
development and application knowledge. This kind of customer relationship in their
business can also be a source of strengths and opportunities but also a risk of fock-in and

dependencies {Christensen 1997, Yli-Renko 1999).

Case company 3 presents a little different perspective to the industrial electronics
business and industry. Case 3 is in fact a technology-based company with quite long and
established traditions in the development and commercialisation of new technologies.
Here in our research setting this particular company brings additional variety and scope to
the empirical material. The group of people interviewed thcre have been basically
working on product development management issues related to commercial product
development projects. This company has also some research activitics focusing on the
nature of the technologies being developed for the future use of selected business. [n this
company it was also observed that the role of technological competitiveness of their
products was critical to the success in their business. They were working on some

selected areas of product development, directed to the needs of some defined customer
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segments and market areas. The role of the product development activity in this company
was also of high importance. The selected case company was founded a few years ago

when the corporation decided to enter new technology-based market areas.

Overall, the companies we have been able to intervicw and study in this research have
been selected for inclusion in this study because they represent different perspectives to
the type of companies operating in the industrial electronics business. There is also
variation in the history, resources and experience of the firms in product development. As
a whole the observations from thesc companies can be regarded as important

characteristics of the research design we have used here for this study.

4.2 Presentation of the data analysis process with single case company data

The main goal in this part is to show how the quantitative data collected with the survey
instrument has been analysed in terms of the ideas developed from the information
requirements framework of Daft and Lengel (1986). In the study the emphasis is given to
company level data and comparison between cases. Let us begin from case company 1.
We can describe liere in a step-by-step manner how the data can be summarised, ordered
and analysed. Then after this company specific description we can extend our analysis
with the data available from other case environments. This kind of logic gives us a
consistent way to address the main issues related to the research issues. Firstly we want to
show here the raw data collected with the survey tool. It illustratcs a response profile

from company 1, see Table 15 on next page.
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Table 15. Response profile for case company 1

Responae profilo | Confldanco rospensea
Variables N Modian® |Quartiles IQR N Medlan
25% T5%

A broad range of technalogical eapabililies s impodant for :] -5 -575 | -0.75 5 a 7
Product development engineers in aur company are best motivated

wilh goals for Ihe improvement af 8 4.5 -5.75 -2.25 5 ;] 6.5
Achieving “eritcal mass effect” is imporiant for 8 -3 -4.75 1.5 6.25 8 &
Synorgies [rom technologieal discontinuities are imporant for 7 -3 -4 0 4 7 5
Top management of cur company is typically prionitizing 1 -2 -4.79 4 .75 ] 6.5
Project spealic slrategies for supplier involvement

in product development are important (or 8 -2 -4 1.5 5.5 8 [
Making aulhorized lechnalogy choices on behall of our customers

15 imparianl for B -1.5 -4.75 2 475 ] 6
Real benelits [rom the inlemalionalisation of preduct devetopmint

work are important (gr 8 -1.5 -4.75 \] 4.75 8 5.5
Conlinous increase in know-how for advanced lechnaolegies and
|computerized tools for product development melhadolegies is

imponant or 8 -1 -6.75 .75 10.5 8 B
Cross-lunctional produd developmenl teams are important for 3] Q -4.75 575 9.5 -] 7
Pilol projects with seleded cuslomers are important for 8 ¢] -4.25 2.5 5.75 8 7
Separalion of lechnology development projects and produd

development projeds is imperiant for B h] -3.75 .75 7.5 B 6.5
Managemon! of the whole RAD project porifolio is important lor 8 Q -2.25 0 2.25 8 8
Wide discussions in our campany on the relalive posilion and

imporance of product development are important for 8 0 -3.75 Q 3.75 8 7.5
Use of selecled key technologies in product development

15 imparlanl for :] Ja] -1.5 1.5 3 a 7
Qur concepls for products and techndlogies ere imparanl far ] a 0 0 0 ] 7
Company-wide efforts for "design chain integration”

roduct development aclivities are important (or 8 0.5 -2.25 1.75 4 8 6
The business wa are in requires Llhal we can compele wilh B 1 1] 375 .75 B 7.5
Producl development engineers in our company havea

sirong task ofientation for a 15 -5.25 3.75 9 8 7
Frototyping and lesling prindples in our

arganisalion are based on 8 1.5 -1.5 5 65 8 7
Developmenl of preduct and lechnology plalforms first [rom

lorwr-2nd lowards high-end price segments is imporiant far 8 i5 -2.25 525 7.5 8 B
Siluations where we can use niny technologies for

sxisting or raddional kind of products are impardanl for 7 2 -3 5 8 ri Fi
Flaxbilily of (he exlemal subeontracters (or product development

aclivilies is imparanl for 3] 2 -2.25 4 6.25 a 7
This producl develapment organisaton where we are

working is olten described as onented towards 8 2 -5 4.75 8.75 3] 6.5
Customer specific product davetopment projecis

are important for 8 2.5 1] 475 | 475 i) 6.5
Building and use gof performance measurement syslems

is imporant lor ) 3 a 5.75 5.73 ] 7.5
Some long lerm cuslomer relationships are important for B 35 -2.79 5 7.75 ] 6
Our company evaluales and measures ils producl development

aclivities spadially for the development of g 35 0.75 575 3 a8 7.5
Taking care of bolh product developmenl and process

development {manufacluring, assembly, defivery, distibulion elc.) is

important lor 8 4 0.75 6 5.25 8 8
Priofilisation of time based results over cosl 1ssues

is importan! for a 4 0.5 55 5 a 7
Qur company’s own sales and disidbution

nebwork is important los 7 s -3 & 9 7 7
Integraled timing and scheduling for intemationally

disinbuled produd develapment teams is impadani for a 5 1] 6 6 a E.5
Synergics from common lechnical functionalilies belween

roduds are important (ar 8 5 4 5 1 5 6.5

* Response valucs range from technological competitiveness (-) to product development performance (+).
Zero value (0) marks more emphasis on balance between them.

IQR (Inler quartile range, difference between 75% and 25% quartile values which provides a statistical
estimale on the dispersion of data originating from an ordinal response scale.)
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This table (15) above shows the responses in an ordered manner, where the statistical
mean describing the balance between technological competitiveness and product
development performance has been used as a sorting key. The information shown in the
table shows therefore a flow of the issues describing the questionnaire statements ranging
from technological competitiveness to product development performance (top down
manner). The meaning of such ordering is from our interest in analysing which kinds of
product development praclices would be perceived to be more associated with
technological competitiveness than with product development performance. In a way, this
is a sort of sense-making review of the varying development practices as seen in one
company. Basically it shows us that there are some kinds ol semantic differences between
the issues seen to be associated with technological competitiveness and product
development performance. Different statements seem 1o receive different kinds of
perceptional rankings from the respondents. Accordingly to our data analysis logic, this
previous table then covers steps | and 2, as given in the figure on page 93. Next we will
describe how the data anaiysis can be continued with more detailed treatment of the data

available from two response scales.

In order to analyse the differcnces between different survey questions we can perform a
type of stratification process that can be used in the ordering of the data from the overall
data set. For this purpose we need to also consider the uncertainties related with different
questions, as this information was also available from the survey data. Again we can
begin from the overall data set, as presented in a previous table, Table 15. There is lot of
information, and the overall character of the data has variety in it. This data set comes
from an interview with a group of 8 managers participating in the management team of

product development process in this firm. Another table shows the education and

position of the respondents.
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Our analysis of the empirical set of data and the idea of the framework of Daft and
Lengel (1986) has led to a development of a data ordering procedure, where the issues of
equivocality and uncertainty could be mapped with the empirical data. Calculating first
the basic set of statistical variables for each of the questions 1-33 states the analysis.
These statistics are available in the table. It was then possible to look for the various
analysis possibilities with the data, besides the model of Daft and Lengel (1986). This
kind of data represents only the responses from different groups, thus it was not our
purposc to really predict or explore any variable relationships in the way ofien done in
hypothesis testing kinds of analysis of survey data. Rather the purpose here was to
develop new, theory based approaches to analyse the empirical data from product

development processes.

As already argued, the basic raw data provides us with information from a company
specific product development process. As we have discussed in the literature review the
roles of balance and focus have been problematic in the empirical study of product
development processes. Our model of a product development process incorporates these
ideas of balance and focus into the overlapping response scale between technological
competitiveness and product development performance. Empirically this relationship can
be analysed with the statistical information collected from the survey. Thus as a way to
specify the research question we have been analyzing here, we can study the relationships
between group level perceptions over the roles of varying product development practices
in the basic problem of finding a match between technological competitiveness and
product development performance. In other words, the survey data offers ways to
examine different product development practices as a mechanism to use specific practices
in a balanced manner, or to address more focused issues related to technological
competitiveness and product development performance. In order lo be able to use the
framework of Daft and Lengel (1986) in the analysis of the data we have applied a data
ordering procedure to develop an appropriate variable grouping characterising the links

between our data and the Daft and Lengel (1986) framework.
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The analysis was carried out in the following manner. 1 needed to consiruct both
equivocality and uncertainty dimensions from the Daft and Lengel (1986) model. Two
major choices were made in the analysis process. Firstly I found that the response scales
in the survey represented different issues. The other response scale was directly
associated with uncertainty through the perceived uncertainty of the respondents te
different questions. Secondly, the notion of equivocality was interpreted in a way here
where the response means to the first response scale for each question were analysed in
terms of the inter quartile range (IQR) values. There were some responses where high
levels of consistency were identificd by observing low levels of related dispersion in the
responses. Other variables were then seen to show higher levels of inconsistent responses
that also increased the respective levels of inter quartile ranges. A procedure was then
constructed where these differences could be analysed in a systematic way. This
procedure uscs the median statistic as counted from the medians of the variables as a way
to divide the original data sct into sub sets. Steps of this procedure can be shown in a

stepwise manner, see Table 9 presented earlier.

Results from this ordering process can be shown in the four Tables below: see tables 29—
32. These tables can be also named according to the ideas of the model framework of
Daft and Lengel (1986). These tables are from case company one, where a group of 8
people responded to the survey instrument. This sub sample from case company | is used
here as an introduction to the analysis of the results. Survey data has been categorised
with the ordering procedure, making it possible to replicate the structure of the
conceptual framework by Daft and Lengel (1986) in this way. Descriptive analysis of the

results from casc company | is also provided. See Tables 16-19 below including the

ordered data.
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Table 16. Low equivocality, low uncertainty variables (case 1)

Sielomonl resg Confidenco resp
N Medlan® | Porcontilos 1ar ] Medlan

Rouline practices [Low ogulvocnlily, low uncerlalnty) Valld 25 75 Valid
A broad range of fechnalagical capabilbies 1s imporiant for a -5 -5 75 0.75 5 8 ¥
Manngement of tho wholo R&D projnet pomfolo s imparant for 8 aQ =228 ] 223 8 a
Wido discussions in our company on Lha relativo
posiion and importarce of produst dovelopment are imporant (o 8 0 375 0 3.75 8 75
Usn of solegled kay technologios in preduct
dovolopmant s wnperant for a 1] -1.5 1.5 3 a 7
Qur concepls for preducts and technolegios are imponant fer ] ] 1] 7] 0 8 7
Tho busingss we ara in requires that wa can compate with 8 1 1] 3.75 375 8 75
actrilies

inlly for tho dovelapment of a 35 075 575 5 B 75
Takung care af both product dovelopment and process dovolopment
imanufactunng. assembly, delovnry, distnbulion ele ) 1s important far B 4 075 5] 525 a 8
Pparlsalan of lima based resulls over cosl 155005 15 wnporlant (or a 4 0s 55 5 a T

* Response values range Irom technological competitiveness (<) 1o product development performance (+). Zera value (0) marks more
emphasis on balance berween them.

QR (Inter quartile range, dilference between 75% and 25% quartite values which provides a statistical ¢stimale on the dispersion ol
data ariginating from an ordinal response scale.)

Table 17. Low equivocalitly, high uncertainty variables (case 1)

Statement rosponacs Conlidence responses
N Median" | Parconliles 1QR N Median

Engincaring praclises {Low equlvocallty, high unceralnty) Valid 15 75 \alld
Producl develapment eng'neers n our company are bosl
matvaled with goals for thowmproverment of B 4.5 -5.75 -225 35 4 65
Synerqies from technological discontinluilies arg important for T -3 & 0 4 7 5
Making authonzed lechnology choices on behalf
of our customers is important for B -15 575 0 4.75 B B
Real benefits from tha imernationalisatron of
product development work aro wmporant (oo B -5 475 1] 475 4 &5
Company-wide offers for “design chain integration”

roduct dovelopment nctraties are imporani for 4 05 -228 175 4 8 5
Custormer spacific product dovelopment projects are importani for a 25 a0 475 AT7S B 65
Synorgies from commen technical funchonalities
batwogn products are unpartant for 8 5 4 ] 1 a 65

* Response values range [rom lechnological competitivencess (-} 1o product development perlormance (+). Zero value (0) morks more
emphasis an balance benween them.

IQR {Inter quarile range. diflerence between 75% and 25% quartile values which provides a statistical estimate on the dispersion of
data originnting from an ordinal response scale.}
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Table 18. High equivocality, low uncertainty variables (case 1)

Slalemonl roeg Confidenco rosg
N Median® | Pereentlles QR N Median

Crall praclices {High cqulvocality, low uncoriainty) Valld 25 75 Valld
Conlinpus ingreasa in know-how for advanced lechnologios and
computerized 1ools for
product dovelepmant methadalogies is important for -] -1 575 175 1056 8 ]
Cross-fundional praduct dovelopment loams aro impertant for a -375 535 9.5 3 7
Pzt projects wilh selectod customers are impeetant far 8 9] 325 25 675 a 7
Produst davelopment enginears i aur company
have a strorg Lask orgntalion (o 8 1.5 -535 375 ] a 7
Protelyp.ng and testng prnciples in aur grganisabion ara based an B 1.5 15 ] 55 ] 7
Situabions whera wo can use new technologins for existing or
tradrional kind of products ore imporant for ¥ 2 -3 5 B 7 7
Floabnlty af tho exteenal subcontractors for producl
development actvihios s impartant for a 2 -2325 4 625 8 7
Buidina and use of porfommanco measuremant sysiems s imporant for 8 3 1] 575 575 [] 75
Our company’s ¢wn sales and distubulion network is impartant for I 3 -3 [3 E ¥ 7

* Response values range (fom weehnological competitiveness (-) to product developnient performance (+). Zero value {0) marks more
cmphasis en balance between them,

1QR {Inter quartile range, dilference between 73% and 23% quartile values which provides a statistical estimalte on the dispersion of
data originaling rem an ordinal response seale.)

Table 19. High equivocality, high uncertainty variables {case 1)

Slatement responses Conlidonco responses
N Medlan® | Percentilos QR N Medi,
Hon-reuting practices [High equivecallty, high uncertalnty] Valid 25 75 Valld
Achiewing “ortical mass effect” s important for 8 =3 -4.75 15 6356 8 ]
Top monagement of our company 15 Gpically prienlizing :] -2 475 4 875 B 65
Projoc! specific stralegies for suppler invelvement in
|product devalapment are imporiant for e -2 4 1.5 55 a8 E
Soparauon af Inchnology development projecls and product
davelopment projects 1s important for ;] 0 =175 3.75 75 B €5

Davalopmenl of product ond lechnalogy platforms first fram low-cod
{owards high-ond pnco

sogments is imp 1 for B 15 -225 5.25 7.5 a 3]
This product development orgamsaton where wo ars working

15 alten desonbed os onented towards a 2 -5 478 9758 8 6.5
Some long term customer tefalionships are impoerant o a 3.5 -278 5 778 g ]

Integratod liming and scheduling fov internolonally dislnbuled

product development leams is impartanl for 8 3 0 2] 6 B8 €5

* Response values range [fom lechnological competitiveness (-} Lo product development performance (+). Zero value (0) marks more
cmphasis on balonce between them,

QR {Imter quartile range. difference berween 73% and 25% quartile values which provides a statistical estimate on the dispersion ol
data onginating (rom an ordinal response scale.)

Next these tables (16—19) and statistical information are interpreted and analysed with
background information from case company 1. The purpose of this part of the discussion

is to show how the parts of the analysis framework are described with the results.
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Analysis

Together these tables can be argued to represent an analysis of the empirical data
according to the organisational information requirements framework by Daft and Lengel
(1986). The basic idea behind this kind of sorting here is that different types of problems
require different types of integration mecchanisms and problem solving methods. This
data is derived from a small group survey, and thus it can be also argued that in this
setting the data shown above also presents the group level perceptions to the product
development practices and how their use should be malched with the requirements to
choose a balance between technological competitiveness and product development
performance. [nterpretation of the data can then be supported with the ideas from Daft
and Lengel (1986). An example of the data analysis can be shown, perhaps appropriately
beginning from the issues that seem to be quite well perceived and consistent in this
particular data set. Namely we can take a data set describing issues categorised here as of
low equivecalily and low uncertainly for a detailed examination. Nine variables were
grouped into this data set, shown in Table 16. We can start from the variables associated
with technological competitiveness and then move towards the variables related more
with balance and product development performance. It is again important to note here
that this kind of analysis is just a descriptive analysis of the information. From the
literature we can also cite two excerpts from Daft and Lengel (1986: 557, 563) in order to

build some background for the interpretation on the routine practices.

-“Clear, well-defined situation, managers need few answers, gather routine objective
data.” Or,

- "Analyzable, Low variety (Routine Technology), Structure: a) Media of low richness, b)
Small amownts of information. Examples: Rules, standard procedures, standard
information system reports, memos, bulletins.

Routine practices include here 9 different types of product development practices. Ii
seems that the median of the statement responses shows that these practices have received
rankings that are relatively much oriented towards balance between technological
competitiveness and product development performance. A key issue here is that the inter

quartile range values of the statement responses are lower than the median of all the
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responses. This means accordingly that the consistency of responses in the statements
concerning the orientation in the use of the practices is more homogenous than in other
oroups. Among these variables there is one that is an exception, being clearly more
related with technological competitiveness. This variable is entitled “a broad range of
technological capabilities is important for technological competitiveness”. This specific
question has received responscs in ways where nearly all respondents have given more
emphasis to technological competitiveness than product development performance. This
can be seen from the value of the 75% percentile value which is —0.75, implying that over
75% of the responses have been given in ways emphasising technological
competitiveness more than balance or product development performance. Other product
development practices seem to be more related with product development performance,

as can be seen from the median values of the different practices.

The approach and interpretation adopted here suggests therefore that these specific
practices betonging to the routine practices may be more clear and perhaps better known
among the group of respondents than other product development practices. This is an
interpretation made on the basis of the data analysis. For example, it would seem that a
product development practice like “prioritisation of time based results over cost issues” is
more related with orientation on product development performance than technological
competitiveness. Moreover, this practice can be relatively well known or similarly
perceived by the respondents. This interpretation of such product development practices
implies also that information requirements for routine-like practices may be more

analysablc and clear than in the case of ambiguous practices.

This interpretation is based on the statistical, subjective information based on the analysis
of the survey data. This interpretation could be compared with more objective data,
describing the performance of the development activities in this organisation. This kind
of comparison is nol, however, included in the present study. The value of the analysis of
the product development practices comes more from the comparisons between practices

and the different emphasis groups have given to these product development practices.
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Another important aspect of the interpretation of the results is that the orientation towards
technological competitiveness and product development performance enables us to make
some conclusions on the different roles of the product development practices. For
example, a specific practice named as “use of selected key technologies is important for”
has been related with the needs to achieve a balance between technological
compelitiveness and product development performance. It makes sense since it is also
comparable with the carlicr literature where key technologies have been used as means to
focus product development appropriately (Meyer and Roberts 1986). This example shows

how the means-ends type analysis aspect has also bcen enabled in this kind of

interpretation and analysis approach.

This first part of the data sets is only a partial way to look at the organisational
information requirements with the framework of Daft and Lengel (1986). Three other
groups of variables can also be used. The other data sets are equally important to be able
to develop a more holistic overview of the information requirements of the product
development practices. This kind of analysis gives us also some type of means ends like
logic to analyse how different product development practices can be managed towards
the goals of the product development processes. This kind of analysis can be used as a
way to characterise the organisational information processing requirements of product
development process performance. Different aspects of technological and competitive
seltings can be found included in this kind of analysis framework. We cannot argue that
this sort of analysis would be the best or the only one possible. Instead there are many

alternative ways to analyse data from product development processcs.

This kind of analysis is also a rather complex challenge of giving an emphasis to
balanced description of both company specific and cross case level based analysis of the
data. Next we will describe a deeper cross-casc analysis of the results from this study.
This example from case company 1 is just a starting point, but it serves well as an

introduction to the analysis possibilities of this kind of approach.
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5. FINDINGS, PART 2: CROSS-CASE ANALYSIS

This chapter includes a cross-case analysis of the empirical survey results. The text has
been organised in the following manner. Firstly an overview of the data analysis mcthod
will be given. Secondly, each category of the research framework will be presented with
the related empirical material, analysis and interpretation. It is also possible to include a
complementary perspective on this analysis phase. All variables used in the survey have
been derived from qualitative interviews that have been conducted in the earlier phase of
the research. This enables a comparison between the initial interview data behind each
variable to be included in the interpretation of the responses and categorisation. In some
cases it may bc that the linkages between the interview data and survey data are
circumstantial, but when possible, it can be used in giving some perspective to the

comparison between companies.

Each category of Daft and Lengel’s (1986) routine, engineering, craft and non-routine
practices will be discussed in this cross-case analysis. Finally the chapter will be

concluded with a summary and conclusions from this analysis.

5.1. Data ordering and analysis of the empirical results

In the previous chapter we have presented data from the company level results. Here we
will take a cross-case perspective on the similarities and differences between the case
companies with a similar type of approach. Data available from all companies has been
integrated into four tables that summarises the different elements of the model of Dafi
and Lengel (1986). This kind of cross-case comparison performed with the ordering
process makes it possible to examine the role of different product development practices
in different companies. Basic data from different companies is also given in Appendices

6-9, in a similar way that has been already described with case company 1.
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It has been necessary to make some choices regarding the depth of analysis. In this cross-
case analysis it has been decided to amalyse such variables that have becn categorised
similarly in four out of the five companies. This limits the number of variables included

in this cross-case analysis.

Data sets from five companies have been used. The purpose has been to perform a
comparalive review of the results with the quantitative data available from different
cases. In this way we can achieve a cross-case perspective with the data that can be
presented in a manncr based on the original thinking of Daft and Lengel (1986). We will
show this data hecre in detailed way and illustrate the observations made from it. After the
review of the data we will then summarise the main points of the discussion, with a
discussion on the observations and the earlier presented research questions and literature

review.

The sample sizes are not very big. The nature of this analysis is descriptive. All case
company specific data ordering steps have been performed before this cross-case
comparison. In this way, alrcady partitioned data tables from different companies have

been integrated together according to the underlying research framework.

The following procedure has been performed to prepare the cmpirical data for cross case
analysis. All five casc companies have been used here. Stratification of the company level
data has been performed in a similar way for all companies as has been described in the
earlier chapter for case company 1. Both original and categorised data sets for all
companies have been included in the Appendices (6-14). Using this data as a basic base
leve] data we have integrated case company data into four different tables as a result of
the initial categorisation performed according to the Dalt and Lengel (1986) model. This
integration has given us four tables that each represents a specific part of the

organisational information requirements model by Daft and Lengel (1986).

Original company level data has been firstly integrated into distinct tables reflecting the

elements of low equivocality and low uncertainty (routine practices), low equivocality
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and high uncertainty (engineering practices), high equivocality and low uncertainty (craft
practices), and high equivocality and high uncertainty (non-routine practices). As a result
of this ordering, we have a collection of variables from different companies. In order to
clarify these data sets a simple alphabetical ordering has been performed, which has
resulted in a list of variables belonging to each data set. The role of alphabetical ordering
has been important because it is a way to analyse the relative occurrence of similar types
of variables in each of the four data tables. The similarities or differences have been

picked up for a closer analysis of the case companies.

5.1.1 Low cquivocality and low uncertainty-characteristics of “routine practices”

First we can recollect from the earlier part what kind of descriptive illustrations Daft and
Lengel (1986) have related with this first element of the model. Issues like routine
technology, common situations, and routine data collection procedures were related to
this kind of part of the organisational information requirements framework where both
uncertainty and equivocality were described as being low. Some citations from Daft and
Lengel (1986:557, 563) represent this. Then we can show the empirical data related with

this part of the model.

Interpretation guidelines for routine practices, adopted from Dafi and Lengel (1986):

-"Clear, well-defined situalion, managers need few answers, gather routine objective data.” Or,
-“Analyzable, Low varicty (Routine Technology), Structure: a) Media of low richness, b) Small amounts of
information. Examples: Rules, standard procedures, standard information system reports, memos, bulletins.

The nature of the descriptions from Daft and Lengel (1986) suggest that issues
characterised with low uncertainty and low equivocality may be related with quitc well
known themes in an organisation. They can be familiar practices and operations policies
used in a firm’s product development activities. Performance measurement routines can
even be applied in these areas. The analysis performed here gives an insight into which
kind of development practices can be seen as belonging to these kinds of routine practice
oriented themes. Sce Table 23 on next page showing the data. This table shows the

routine practices.
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Table 20. Routine practices (low equivocality and low uncertainty, cross-case data

1ables)

Statement resp

Confidonce responses

M |Medlan*|Porcontiles | [QR N Maedlan
Case|Roullng practices {Low oquivecality, low uncertainty) Valld 25 75 Valld

1__|A bread range of techinological capabllilies is Impordant for 8 -5 -5.75|-0.75| S B 7

2 A broad range of technological eapabuifies is important o 13 - -4 -3 1 11 :]

3__|A braad range of technological capabildies is imporiant for 5 -3 A5] -3 0.5 5 ]

5 _|A broad range of lechnelogical capabililes is impodant for ] -1.5_ | 45| 05 5 ] 6.5
Building and use of periormance measurement syslemns

3 _lis imporant for ) 3 1.5 4 2.5 5 5}
Building and use of performance measurement systems

4 lisimportant lor 4 1] 0 225] 225 4 4.5
Building and use of performance measurement systems

5 |isimporant for -] 4.5 225 55 1325 ] &
Company-wide effors for "design chain inlegralion” product

3 |development ] 0.5 1251 3 4.25 & 5.5
Conbnous increase in know-how for advanced lechnologies and

2 lcomputerized lools for produd development methodologies is 13 0 ja] 35 | 35 i1 7
Customer specific product development projecls

2 | are imporant for 12 -2.5 -3 0 3 11 7
Development of produd and lechnology plalferms first from low-

3 |end towards high-end price seqments is important far 5 0 0 1 1 5 B
Development of produd and technology plaliorms first fram low-

4 |end lowards high-end price seamenls is imparant for 4 1 -5 | 275|425 4 5.5
Flexibility of lhe exiernal subceniraclors for product development

2 |activities is important for 13 3 1 45 | 3.5 11 ]
Fleatility ol the external subcontraciors for produd development

4 laclvilies is important for 4 1 a 35| as 4 6.5
Integrated iming and scheduling for inlernationally distributled

5 |product development leams is imperant for ] 3.5 1.25]1425] 3 -] 7
takung aulhorized lechnology choices on behall of our

2 |customers is important for 13 -3 45| -2 25 11 7
Managemenl of the whole R&D project porifolio

1 |is imporant for 8 0 =225 0 225 3] 8
Management of lhe whaole RED projed poriicho

2 |isimporant for 13 a -3 0 3 11 ¥
|[Management al lhe whele R&D project portfolio

4 lis important for 4 0 o ] b} 4 4.5
Qur company evaluales and measures its producl development

1__ladivilies spedally lor lhe developrment of :] 3.5 0.75 | 5.75 5 8 7.5
Our eompany’s own sales and dislibution nelwork

4 | is imporanl for 4 0 15| 1.5 3 4 4.5
Qur concepls for products and lechnalogies

1 _|are imparan! for g 1] a a g a 7
Our concepls for producis and lechnologies

2 |are important for 13 -3 -4 a 4 11 7
Qur concepts {or products and technologies

4 | areimportant for 4 b] -3 15 | 45 4 3]
Pricrilisation of lime based resulis over cost

1 lissuesisimpordant [ar 8 4 5 | 55 5 a 7
Prichlisation of ime based resulls over cost

4 |issues is importani for 4 1.5 b] 3 2 4 )
Product developmenl engineers in our company have a

3 |slrong task orientation {or 5 -3 =551 -3 2.5 5 1]
Prolotyping and lesting principles in our organisation

3 |arebased on g - -5 -3 2 5 ]
Protolyping and testing princgles in our

4 lorganisalion are based an 4 -1 -2.75) 1.5 | 4.25 4 5.5
Situations where we can use new technalogies [or exshing of

3 |traditional 5 4 -5 | -25] 25 4 8
Siluations where we can use new lechnologies lor exisling ar

5 jlraditignal -] -3.5 -5 -2 ] 6 5.5
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Table 20. Continued...

Statement responses Conlldence reaponses
N |Medlan*|Perceniiles | IQR N Median
Case|Routineg practices {Low equlvocality. low uncartalnty) Valld 25 75 Valld

3 {Some long term cuslomer relationships are important for ] 1] 1] 25| 25 5 8

4 |Some long term cuslomer relationships are impartant for 4 0 D |]225]225 4 B
Synergies from common technical lunclionalities

3 |between preducls are impartant lar 5 3 25 4 1.5 5 8
Synergies from lechnological discanlinuilies are

5 | importanl for [ 0 -1.25| 0.5 | 1.75 i] 6

Taking cara of balh praduct development and procass
development {manufacturing, assembly, delivery, disinbution
1 |ele) is important for i) 4 0.75 B 5.25 B 8
Taking care of bolh product developmenl and procass
developmenl {manufacluring, assembly, delivery, distribulion

5 |etedis imporianl lar 5] i5 1] 3751275 B 8.5

1__|The business we are in requires that we can compele wilh 8 1 Ju] 3751375 8 7.5

2 iThe business wa are in requires that we can compate wilh 13 -1 -3.5 0 a5 1 7

4 |The business we are in raquires Inal wa can campete wilh 4 2] 225 0 | 235 4 6.5
This product developmenl organisalon where we are working is

2 |ofen descnbed as criented towards 12 -25 |-av5] 0 3.75 11 7
This product developmenl grganisalen where we are warking (s

5 loflen described as arienled towards -] 1 -0.75] 3.9 1425 -] 5.5
Use ol selecled key lechnologies in product

1 [developmant is important fer ] Q -1.5 ] 1.5 3 8 7
Wide discussions in our company on Lhe relalive pasilion and

2 |impartance of praduct development are important lor 13 2] -3 0.5 | 3.5 11 7
Wide discussions in our company on Lhe refalive pasilion and

3 |importanca of product developmient are imperiant or 5 -2 3.5 ] 1 25 5 8
Wide discussions in our company on lhe relalive posilion

1 |and impodance of pradudt developmen) are imporiant for 8 a 3751 0 | 375 ] 75

* Response values range from technological compelitiveness (-) 1o product develepment performance (+).
Zero value {0) marks more cmphasis on balance between them.

IQR (Inter quartile range, difference between 75% and 25% quartile values which provides a statistical
estimate on the dispersion of data originating from an ordinal response scale.)

Resulls and analysis

The results characterising routine practices in terms of the organisational information
requirements framework are shown in Table 23. Only one product development practice
seems Lo have been categorised similarly in this table. This practice has been defined as:
“a broad range of technological capabilities is important for..”. This question originates
from interview data with an industrial expert on product development, Dr. Yrjd Neuvo

from Nokia (February 1999). The background data of this question is shown below in the

form of interview response from Dr. Neuvo:

24. “We don’t mix logether research and product development aclivities. We have been (hinking about this
question a lot. This means that the necessary sharing and transfer of information from research to preduct
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developmenl has to be fluid and seamless. And if you approach close enough, near to product development,
you can adopt new technologies withoul too big risks. You should be able lo cross that line almost in an
unnoticed way, it is important. We plan our product development for a lime frame thal is less than two
years, 0-1' years is betler. Research aclivities go in very different slages, depending on whai goals we are
talking aboul. We have our own research programmes, corporate research, EU research programmes,
universitics all over the world. We are involved within a wide variety of diflerent research programmes.
QOur rescarch aclivities have a very long time frame, the horizon that we arc planning for. But ten ycars in
this field is a really long time. Five years is also a very long lime, Even if we have these in-deplh networks
for the refining and development of new information and knowledge, we don't do so much there between
3-10 years in the future. Technological development in our ficlds is so very fast. (An intervicw with Dr.
Yrjo Neuvo, Nokia Mobile Phones, February/1999, Helsinki)"

- A broad range of technological capabilities is important for ...

This question describes how a variety of both long-and short-term research activities may
be needed in order to create technical capabilities for product development. The idea of
technological capabilities has then been used as a description of the development
practices in the shown question. This question is therefore not based on the interviews

with any representatives of the case companies.

Case companies 1, 2, 3 and 5 were similar in that this variable has been categorised as
being among the routine practices. It seems that all responses from all these cases have in
common that this product development practice has been related with orientation on
technological competitiveness. This would support an interpretation where these
respondents and their firms may see *“ a broad range of technological capabilities” as an
issue that reflects their firm’s technological strengths and competitive capabilities. This
kind of observation is also supported by earlier empirical literature on product

development (Cooper 1985a, Clark and Fujimoto 1991).

It may be an important issue for the firms that they have a range of technological
capabilitics. This kind of variable has also been seen as critical success factors for firms’

R&D activities (Roussel, Saad and Eriksson 1991).

According to the research framework, a broad range of technological capabilities would
be seen as a routine practice. This is the interpretation that can be made with the results

from the empirical data. It is not self-evident that this particular variable would have been
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picked up beforehand from among all the variables. Also, there were no prior hypotheses

on this.

Interestingly, this variable has received most emphasis on technological competitiveness
in case companies having the longest experience in product development and use of
product development processes. Also, cases 1 and 2 represent product divisions from

international corporations reflecting the biggest organisations included in this analysis.

An imporlant question is what kind of issues might support the interpretation that these
firms may view “a broad range of technological capabilities™ as a routine practice in their
product development. The related organisational information requirements might be
something that are understood and known in the organisation. This is, however, a
hypothesis for further inquiries. At this point it can be said that this particular product
development practice seems to be related with the perceived antecedents of technological
competitiveness in these firms, In this way, it is possible to propose an interpretation here
where a practice like “a broad range of technological capabilities” can be seen as a means
to address the ends and requirements of technological competitiveness. On the basis of
earlier literature, this kind of finding can be seen to support the earlier knowledge on

product development practices wherc technological capabilities have been discussed.

5.1.2 Low equivocality and high uncertainty- characteristics of “engineering practices”

This second element of the organisational information requirements as described by Daft
and Lengel (1986) represents another category of analysable but high variety issues
concerning the nature of the related issues. A similar data table has been integrated for
the analysis of this second sct of data, see Table 34. Issues characterised by the original

modcl framework by Daft and Lengel (1986) have been summarised below:
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Interpretation guidelines for engineering practices from Daft and Lengel (1986: 563,
557):

“-Many, well-defined problcms, managers ask many questions, seek explicit answers, pgather new,
quantilative data.

-Analysable, [ligh variety (Engineering technology). Structure: a) Media of low richness, b) Large amounls

of information to handle frequent exceptions. Examples: Quantilative data bases, plans, schedules,
statistical reports, a few meetings”

The previous points suggest that such themes as described by high uncertainty and low
equivocality might represent identified questions and themes in an organisation. Things
can be planned and analysed with such perspectives. Analytic procedures with data on
defined problems can be implemented. In a way, it could be said that thesc kinds of
problems have been identified as important issues for an organisation but there might be
also some uncertainty concerning how to carry out activitics. It is basically a matter of

being able to collect information reflecting the aspects of defined problem situations.

This kind of variable has also been categorised according to a model and analysis
approach that has been developed here. The nature of the product development practices
analysed in this part may be relatively more uncertain to the organisations than the ones
in the first parl of the analysis. Next a cross-case analysis will be discussed highlighting

the variables found to be common to three or more case organisations, see Table 21.
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Table 21. Engineering practices (Low equivocality and high uncertainty, cross-case data)
tables

Statement responses Confidence responsas
N | Median® [Percentiles | I1QR N Median

Enginsering practicos (Low equivocality,
Case |high uncortainky} Valid 25 75 Yalid
Company-wide efiorls for "design chain

inlegration” in product developmenl aclivilies
1 |are imporiant for 8 0.5 225|175 4 i} B
Company-wide efforls for "design chain

inlegration” in producl developmenl aclivilies
3 |are important for 5 2 0 25 | 25 5 7
Company-wide efforis for "design chain

integralion” in producl development activities

4 |are imporanl for 4 0 0 2251225 4 3.5
Cross-functional produc! developmenl

2 | teams are imporanl lor 13 3 0 3 3 11 [
Cross-functional product development

4 |1eams are impodanl for 4 0 -3 0 3 4 4
Cuslomer specilic product developmenl

1 |projects are imporanl for 8 2.5 0 475 | 4.75 8 6.5

Developmenl of producl and lechnology
platiorms firsl from low-end towards high-end

2 |price seqmenls is imporlant for 11 0 -2 0 2 11 5
Making authorized lechnology choices on

1 Ibehall of gur cuslomers is important for 8 -1.5 475 0O 4.75 8 6
Making authorized technology chaicas on

4 _|behall of our customers is importanl lor 4 [ -0.75 0 0.75 4 3

Cur company evaluales and measures its
producl development activilies specially for the

5 |development of & 0 -1.25] 3 4.25 6 5
Our company’s own sales and distrubulion

5 |nebwork is imporlant for 6 35 1.5 4 2.5 6 5
Cur concepls for producls and technologies are

5 |imporanl lor 6 0 0751 375 | 4.5 6 5
Pricrilisalion of lime based results over cost

3 |issues is imporiant for 5 2 1 35 | 25 5 7

Product developmenl engineers in our
company are besl motivated with goals for lhe
1 _|improvemenl of 8 -4.5 -5.751-2.25) 3.5 8 6.5
Projecl specilic stralegies for supplier
involvemenl in product developmenl are
2 |important for 11 0 0 2 2 11 4
Project specific sirategies for supplier
involvermenl in producl developmeni are
4 limportanl for 4 0 -1.5 0 15 4 1.5

* Response values range from technological competiliveness (-) to product development performance (+).
Zero value (0) marks more emphasis on balance between Lhem.

IQR (Inter quarlile range, difference between 75% and 25% quartile valucs which provides a statistical
estimale on the dispersion of data originating from an ordinal response scale.)
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Table 21. Continued...

Statemsnt responses Confldence responses
N | Medlan® |Parcentiles | 1QR N Median
Engineering practices {Low equlvocallty,
Case |high uncerfalnty) Valld 25 75 Valld
Real benefits from the inlematicnalisation
1 |ol product development work are important for | 8 -1.5 4.75| 0 | 475 8 5.5
Reatl benelils [rom the internatlonalisation
2 | of product development work are imporant for | 11 -3 -3 0 3 10 5.5
Real benefits from the internalionalisation
3 |of product developmenl work arg imporlanlfor | 5 0 0 25 | 25 5 6

Real benelts from lhe inlemalionalisalion
5 |ofl preducl development work are importantfor | 6 0 -1.5 | 1.25 | 2,75 6 3.5
Separalion ol technology development projecls
and producl developmenl projecls is imporlanl
5 |for 5] 0 0 0251 0.25 g 5
Synergies lrom common technical

functionalities bebween products are Tmportani

1 |for 8 5 4 5 1 8 6.5
Synergies from lechnological disconlinuilies are

1 |imporianl for 7 -3 -4 1] 4 7 5
Synergies {rom lechnological disconlinuilies

4 |are imporanl lor 4 -1 -425] O 4.25 4 4
Top managemenl of gur company is lypically

2 |prigrilizing 13 -3 A5 | -1 2.5 11 3]
Top managemenl of cur company is lypically

5 |priorilizing 6 4 0 4.25 | 4.25 6 5

Wide discussions in our company on the
relative posilion and importance of product
4 |developmenl are important for 4 Ju] Q 1.5 15 4 1.5

* Response values range from technological compelitiveness (<) o product development performance (+).
Zero value (0) marks more emphasis on balance between them,

IQR (Inter quartile range, difference between 75% and 25% quartile values which provides a statistical
estimate on the dispersion of data originating from an ordinal response scale.)

Results and analysis

This second data set describes here product development practices that can be a little
more unceriain than the first data set. Variable 27 describes issues related with
internationalisation of product development work. Four case companies (I, 2, 3 and 3)
out of five were categorised similarly with this specific variable, Both big and small sized
companies were represented in this group. This specific question has been developed
from the interview of the managing director of case company 1. See the citation excerpt

below:
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27. “So producl development is no longer a challenge for one company? No, we are internalionalising our
product development with a quite fast pace. There is a tremendous change there, T think that we have nol
really yet understood that what this change is about. But it is now moving on, quite rapidly into the
direction like we have planned. And the impacl of the process is increasing, too. (An interview wilth the
CEQ from Case |, October/1998, Finland) *

- Real benefits [rom the inlemationalisation of product development work are impontant for ...

The question here for the interpretation from engineering practice perspective is related
with the internationalisation of product development work. Firstly, it is posssible to state
that all five case companies were international in their business, so the presence of
foreign markets and international operations was familiar to them. These bigger
companies have also been practising product development and R&D operations in an
internationalised context. R&D work and product development projects have been

conducted in co-operation between companies divisions in different countries.

There are two types of issues that can be concluded from the data, regarding the
orientation and emphasis related with technological competitiveness and product
development performance. Two case companies (1 and 2) have given more emphasis here
to the role of internationalisation of product development work as a way to emphasise
technological competitiveness. Two other companies are also different in this respect.
From the background of these four companies we can find some information that could
be discussed here. Companies 1 and 2 are the two biggest companies here among our
cases. Both of them have also a clear role and position in global and international
markets. This is also related with the fact that these companies also have activities in
dilferent countries and markets. To some extent their product development and R&D
work has also been done on an international basis. But this does not necessarily explain
why both firms have emphasised internationalisation of product development work as a
way to perhaps benefit more from technological competitiveness impacts than product
development performance. Perhaps one explanation could be that internationalisation of
product devclopment work is not as easily perceived to be beneficial to more efficient
product development than it could be for increased technological strength. This kind of
conclusion would be somehow supported by the literature where DeMeyer (1989) has

argued that internationalisation of R&D work may improve a firm’s technical learning



138 ACTA WASAENSIA

and respective capabilities. On the other hand, it could also be very relevant to see
whether internationalisation of product development wark could similarly be an obstacle
or an enabling factor for product development performance. In summary, an
interpretation can be proposed here where these larger case companies 1 and 2 might see
internationalisation of product development activities as a means to address the goals of

technelogical competitiveness.

The smaller firms (case companies 3 and 5) also have different characteristics in this
issue. Company 3 which is more experienced in product development, sees
internationalisation as a little more related with product development performance than
company 5, which has given a litlle more emphasis to balance and technological
competitiveness. Experience from internationalisation in these two medium sized case

companies in this question seemed to have put more emphasis on balance or on product

development performance.

It is interesting to analyse why internationalisation of product development activities can
mean different things for different companies. These two examples show that for some
companies internationalisation could be seen as a way to manage a balance between
technological competitiveness and product development performance. Considering then
that this kind of balance can be an important type of goal for product development
activities, it brings up a question: in what ways can internationalisation of product
development activities be a means to achieve more balance between technological
competitiveness or product development performance? It may be a matter of focus and
use of resources of a firm. Larger firms can choose different ways to enter foreign
markets. Small and medium sized firms have more limited resources, with respect to both

their marketing and product development activities.

Another variable, “real benefits {rom the internationalisation of product development
work are important for” is more related to technological competitiveness, but also
reccived different responses in different firms. These differences can also be discussed.

Case 3 might be more focused on channel sales and the company relies on resellers and
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distributor networks in the sales. Case 5 is more focused on Key customers and their
necds in longer-term supplier relationships. Even these differences between the

companics do not make it really possible to make very clear interpretations.

One additional perspective is to compare these results with the findings on the
internationalisation strategies of small and medium sized enterprises (SME’s).
Ahokangas (1997) has argued that the internationalisation of SME’s can be seen largely
as a firm specific process, where both firm and inter-firm issues may lead to different
paths in internationalisation. Interestingly, Ahokangas (1997) has also identified different
types of internationalisation strategies of SME’s in Scandinavia. Among others, two
examples discussed by Ahokangas can be related with our case studies. Firstly, it can be
argued thai case 3 can represent an example where the company’s internationalisation
strategy could be described as product development and marketing based
internationalisation, which is one of the internationalisation strategies discussed by
Ahokangas (1997). Secondly, case 5 can be argued to represent more a situation where
the internationalisation strategy of the company might be based on domestic nelworking
and customer-selection based internationalisation. These examples can give us some
additional ideas in interpreting the internationalisation of product development activities.
Different types of business and internationalisation strategies can impact also on the
firm’s product development. In summary, it can be suggested that the internationalisation
of product development activities also represents some “engineering challenges” for the
companies. On the basis of these results internationalisation is no routine practice in

product development, it requires planning.

3.1.3 High equivocality and low uncertainty-characteristics of “craft practices”

We can again start this analysis by showing some citations from Daft and Lengel (1986)
who have illustrated some ideas about the characteristics of the information requirements

in terms of high equivocality and [ow uncertainty.
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Interpretation guidelines from Daft and Lengel (1986):

-High equivocality, low uncertainty: Occasional ambiguous, unclear events, managers define questions,
develop connmon grammar, gather opinions. (Daft and Lengel 1986:557)

-Unanalvzable, Low vaviety (Craft technology), Strucinve: a) Rich media to resolve unanalysable issiues, b)
Small amownts of information, Examples: Occasional face-to-face and scheduled meetings, planning,
telephone (Daft and Lengel 1986:363)

This third data set provides us with a selected element from the model of the Daft and
Lengel (1986) where high level of equivocality is related with low level of uncertainty.
This change from low equivocality to higher levels of equivocalily means that the
described aspects of information requirements are more ambiguous and even unclear if
compared with the issues of lower equivocalily. The nature of the organisational
information requirements in this part of the model could be characterised with examples
like: “these things may happen, but we are not really sure about this, it is necessary to

delve deeper in this problem etc”. Interpreiation of the related practices will be analysed

here as craft practices.

The results of our categorisation show that there are four variables that are comparatively
similar here in four firms. These four variables have again been selected as descriptive
variables enabling us to perform a cross case comparison with the data available to us.

See Table 22 on the next page showing the data.
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Table 22. Craft practices (High equivocality and low uncertainly, cross-case data tables)

Statomont responses | Confidonce respongas
M [Modian®|Percenliles | IQR N Median
Cases|Craft pracllces (High equivocality, low unceralniy) Valld 25 75 Valld

4 |A broad ranae of technological capabililics is impartant far 4 -1 -275| 225 5 4 5

3 |Achieving "entical mass effecl” is imporiant for 5 1] -1.5 4 5.5 4 ]
Building and use of performance measurement

1 |systems is imporianl far -] 3 4] 575|575 -] 75
Building ang use of parformance measuremenl

2 |systems |s Impartanl for i3 3 05| 4.5 5 11 8
Campany-wide ellarts far "design chain inlagration® product
dovelopment

2 | aclivilies are impadanl fer 12 0 -1.5 3 4.5 11 7

Conlinous Increase In know-how for advanced lachnelogies and
|compulenzed toals for praduct daveiopmenl methodologles is
| |importanl for i} -1 6.75]| 2751 105 8 A
Contingus increasse in kmow-how for advanced technalogles and
compulerized teols for producl dovelopment mathodalogles is

3 |important for 5 -2 -2 25 | 45 3 ]
Canlinous {nrease in knev-how for advanced technologies and
computerized lools for predudl develapmeant melhodologies is
4 |imporsant for 4 -3 5.5 1175 725 4 3]
Conlinous Increase in know-how lor advanced technologlas and
computerized loals for preduct developmant melhodologles is

5 limpodant for ;] -1 -4.5 ) 475 | 9.25 6 7

1 |Cross-lunclional praduct develapment leams arg impadanl for 8 0 -3.75| 575 | BS 8 7

3 |Cross-lunclicnal product dovelopmenl leams are importanl for 5 2 A5 | 4 5.5 5 [
Custamer specific product development projects are

3 |imporant far 5 -3 -3 25 | 75 5 i}
Customer specific product dovelopment prajecls are

5 _|imporiant for 6 35 [-225] 45 | 675 B 7
Flexibility of lhe extemnal subcontraciers for preducl development

4 |aclivities |s important for 8 2 -2235)| 4 | 625 8 7
Flexibility of the extemal subconlraclors for preducl development

3 lacwlios is important lor 5 2 35| 45 8 5 [}
Floxibility of the extemal subsonlracters for producl developmeanl

5 lactiwties is imponant for i 1.5 -5 4 10 [ 7.5
Integraled Uiming and scheduling for inlemationally distributed

2 reducl development leams is Imponant for 12 3.5 05 |575(6525 i1 7
Integrated timing and scheduling for intermationally distributed

3 |product developmenl teams is impartanl for 5 5 0 5 S S 8
Malking aulhonized lechnology chalces on behall of our

3 |customersis imparant for 5 -2 4.5 1] 2.5 S 8

—Elaboration of the table: * Response values range from technological compeliliveness (-) to product
development performance {+). Zero value (0) marks more emphasis on balance between them,

IQR (Inter quartile range, difference between 75% and 23% quartile values which provides a statistical
estimate on the dispersion of data originating from an ordinal response scale.)
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Table 22. Continued ..
Statamont rosy | Confldanca responses
N [Modlan®jParcantles | 1OR N Meodlan
Cnsos Crafl praclces {High equlveocality, low uncertalnty) Valld 25 75 Walld

|Management of the whale RA&D project pontfclio it imponant for S 0 -2 1 3 5 8
Managemenl_of tho whole RAD project portfolic is imporant for 5] 356 -0.25 5] 625 5 6.5
Qur company evaluales ang measures ils produd development

2 laclivilies specially for tho development of i3 2 1.5 1 4.5 g i1 7
Our compiny @valvatas and measures its produdd development

3 |aclivilies specially for the developmanl of 5 1 -1 55 | 65 5 8
Our company's own sales and distibulion network

1 |isimporanl for 7 L) -3 & 9 7 7
Qur company’'s own sales and distribution nehvork is

3 | imporant for S -2 4.5 a 4.5 5 B

3 lgjr concepls for products and Iechnalogies are importanl for 5 -3 451 -1.5 3 5 8

1 |Pilol projecls with selacted custorars are Imporanl for ] 1] 4.25 5_| B.75 B 7

2 |Piol projects with selected customers are imparianl far 13 0 -5 4 g 11 a

3 |Pilol profects wilh selected customars are imporant for 5 -5 Eil 2 :] 5 a

5 |Pilol profects wilh selecled customers are impaniant for 8 1.5 |-5.25]11.25]| 6.5 B 7
Frignlisalion of ime based resulls over coslissues

2 |isimporant for 13 1 -3 3 B 11 7
Product developmenl anglneers in our company

1_|have a strong 1ask ordentalion for ] 1.5 |-525| 37| @ 8 7
Produet davelopmenl enginears in cur company

2 have a slrong lask efenlation for 13 0 -3.8 2 5.5 11 7
Product devslopmant engineers in our company

4 |have a slrong task orienlation for 4 2.5 3 | 25| 55 4 6
Product development engingers In our company

5 |have 3 slrang_fask erenlation for ) -3 -5.25) 25 | 1786 8 7
Producl developmenl engineers In cur company are basl molivalsd

2 |with goals forihe Improvemant of 13 -3 451 25 7 11 8
Product development engineers In our company are bost molivaled

2 |with goals for lhe improvement of 5 -4 -5 -2 3 5 B
Product development englneers In our company ara bast motivaled

4 Jwilh goals lor lhe Inprovemenl of 4 -2 -5.75] -0.5 | 525 4 S
Product development englneers in our company are bost motivated

5 |wilh goals lor lha improvemenl of G 0 -B8.26| 3 |9.25 a 7.5
Prototyping and lesling pnnciples in our organisalion

1 | are based on 8 1.5 -1.5 5 8.5 [i] 7
Protelyping and lesling principles In cur organisation

2 |are based on 12 1] -3 2 -] 11 7
Separalion of lechnology development projects and praducl

2 |dovelopmenlt projects is imponani for 12 0 a 3 -] " ¥
Separalion of technolagy developmenl projects and praduc!

3 {development projects is imporant for ] 1 -1 35 | 45 ) 8

=¥Elaboration of the table: * Response values range from technological competitiveness (-) 1o product
development performance (+). Zero value (0) marks more emphasis on balance between them.

IQR (Inter quartile range, difference between 75% and 25% quartile values which provides a slatistical
estimale on the dispersion of data originating from an ordinal response scale.)
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Table 22. Continued ..

Slalomonl reaponsos | Confidonce responsos
N Medlan*{Porcontiles | QR N Modlan
Casce|Cralt practicas [High equlvocality, low uncortainty) Valid 25 75 Valld

Siluations where we can use new lechnologies for existing or

{ |lrattitional king of products are impeianl lor 7 2 =3 5 :] 7 ¥
Siluallons where we can usa new lechnologles for exisling or

2 _liradilional kind of products are important for 13 -2 4.5 o 4.8 11 7
Sifrations where wa can uso new lechnelogies for existing ar

4 |traditional kind of producls are imporant for 4 0.5 -2 | 375 575 4 6.5

2 _|Some |ong term custemer refationships are impartand for 12 ] 45| 335 7 5 7
Synergies from comrmon lechnical lunclionalities between

2 |producis are impartanl for 12 ] -1 5 ] 11 7
Synergies from commen technical funclionalilies balweon

4 | products are impertant for q 3.5 1.5 | 475 | 6.25 4 :]

2 |Synergies from lechnological discontintuities are important for 3 -2 -J 1 4 5 8
Taking care of bath product developmenl and process development

2 _limanufacluring, assembly. delivery. disiribution els.) is imporant far 12 1 -3 5 8 11 a
Taking care of both produd develapment and procoss development

3 |{manufacturing, assembly, delivery, disiribulon ete.) |s impartant for 5 0 a 2 ) 5 8
Taking care of both praduct dovelopment and process development

4 |(manulacturng, assembly. delivery. distibution elc.) is important far 4 1 -1.5 | 485 | 575 4 85

3 |The busi wE are in requirgs thal we can compete with 3 -3 -1 4 5 a

5 |The business we arein requires thal we can compaeta wilh ] -2 -4 13351775 5] 6.5
This praducl develapmenl organisalen where we are working is

2 |often described as orented towards 5 -4 5 |15 35 5 8

3 |Top managemenl of our campany is typically piontizing 5 -2 -3 0 3 5 B

4 _|Top management of our company Is typically priontizing 4 | 23 | 4.25 | 725 4 55
Use of selected key lachnologlas in product development

2 | s imporant for 13 ) -5 d 5 11 8
Use ol selecled key technologies In product devalopment

3 {Islmpadani for 5 -5 ) 2 8 ] 8
Use of selocled key lechnologies in product davelopmenl

4 |Isimportanl for 4 -2.5 -5 1.5 | 6.5 4 i}
Uso of selected key lechnologles in product development

3 _ | Is impodant for 5] 4 1.5 1 525|635 6 8.5
Wide discussions in our company on he relalive position and

5 |importance of producl development arz important far -] 1.5 -0.75] 5.5 | 625 ] 7.5

= Elaberation of the 1able: * Response values range from technological competitiveness (-) to producl
development performance (+). Zero value (0} marks more emphasis on balance between them.

IQR (Inter quarlile range, diflerence between 75% and 25% quartile values which provides a stalistical
eslimate on the dispersion of dala originating from an ordinal response scale.)

Analysis and results

Four variables have been catcgorised similarly here. These will be discussed separately.
The first variable concerns the use of new technologies and computeriscd approaches in
product development methods used by companies. The idea for the question came up
from the analysis of the results from an interview with Mr. Pekka Malinen from
MET/FIMET on the synergies between technological competitiveness and product
development performance. See below an excerpt from the interview and how the question

was then formulated:
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10. “Generally you might probably say thal if you have a geod technological competitiveness, lhen you
have also very good possibilities Lo improve product development performance. Because performance is
improved, besides with the process compelence, with these new technological tools like virtual prototyping.
Both process competencics and advanced tools require high tevel of know-how, If you don’t have high-
level know-how, then you are probably having troubles in both areas, on process improvement and
development Lools. Improvement of product development performance is just pretty much about these high
level know-how questions. New opportunilies cannot be adopted nor used if the company does not have the
know-how required, or if the company is not trying to increase its know-how, So there is a correlation.
Sometimes you might be in such a lucky posilion that inefficient product development Icads to a high
technology product. Compelitive situation can be casy; you don't bave to be in a hurry, Then product
development may work inefficiently but still the outcome is goed. But this may be quite rare these days.
(An intervicw with Mr. Pekka Malinen, FIMET, Helsinki, May /1998).”

= Continuous increase in know-how for advanced technologics and computerised tools for product
development methodologies is important for ...

Mr. Malinen commented nicely on the necessity to be capable both in process
competence and development tools. The survey performed in the case companies did not
contain questions comparing the relative level of uses of new advanced tools in product
development. But it can be said that some of the case companies’ product development
processes represent environments where they have good experience on the use of new
information technology applications. Additional information on these questions is
however quite proprietary to the companies, because of its criticality. Both small and
large firms in our sample did use new information technology solutions. Perhaps the
difference also in product development methodologies between these types of companies
1s that bigger firms have more need to integrate and institutionalise new systems and
development practices in perhaps a more systematic manner. The range of applications
can grow alongside as the organisations grow and become more internationally
networked. In small and medium sized companies product development methodologies
can be more often described via basic needs for communications solutions like the
Internet and e-mail and engineering design tools. In summary, the issue that emerges
from this question might be the emphasis that advanced product development methods

are relatively challenging issucs for product development organisations.

In terms of the empirical results, case companies ,3,4 and 5 are similar in the ways in
which this specific variable has been categorised. The four cases show that specific

product development practice (“continous increase in know-how for advanced
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technologies and computerized tools for product development methodologies is important
for”) has been related with technological competitiveness. This is an interesting point.
The related interpretation on the basis of the research framework is that continuous
increase in advanced iools and mcthods might be seen as as a means to address
technological competitiveness. Advanced tools and methods have not been related with
the product development performance, or improved efficiency and effectiveness in

development activities.

There are bigger (Case 1) and smaller companies (3, 4 and 5) included in this part of the
analysis. This specific practice is no longer a routine. The idea of high equivocality and
low uncertainty highlights the ambiguity and problems. It can become more problematic
also to estimate whether the shown emphasis on technological competitiveness or product
development performance can be reliably made. The interpretation is descriptive, and it is
importanl also to acknowledge this. What can be said is that the understanding of this
product development practice may be more complicated or difficult as in the case of more
routine practices. The idea of continuous increase in emphasis on new methods and tools
perhaps also describes perhaps also the imperative to learn continuously, and to be

adaptive to new tools like simulation and experimentation in development (Thomke
1997, 1998).

It is also interesting to probe what kind ol hypothesis or analysis ideas could be drawn
from this [or future studies. These will be addressed in the summary and conclusions of

this chapter.

The next question is related with pilot projects and customers, and their roles in the
product development process. The idea for this question came up in an interview in case

company 2.

1. "We have continuously many field tests underway. Co-operation with our customers and demanding
lead users is crilical for that. In those cases we may deliver very new technology for customers, but they
know that there may be some problems to that. It can be a good leamning experience for both parties. What
you asked about, yes we actually know very precisely who are the core lead users of our producis. We
almost know them befter by their locations than the companies or corporations they are part of, {An
interview with the managing director from case 2, April/1999, Finland)”?
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->Pilot projects with selected cusiomers arc important for ...

Expericnces from the interviews resulted in conclusions where the role of pilot projects
was observed o be quite important for these companies devcloping new technologies and
products for industrial applications. Pilot projects were found to be similarly challenging
in four out of five case companies. Case companies 1,2,3 and 5 were similar in this
respect, as their responses were calegorised as representing high equivocality and low

uncertainty for the management teams.

Here the smaller companies (cases 3 and 5) have given more emphasis to technological
competitiveness regarding the described product development practice defined through
the role of pilot projects with selected customers. The conclusion from this kind of
example would then be that for small companies it can be important to get involved with
pilot projects with customers in order to carry out development activities supporting the
technological competitiveness of a firm. The bigger companies (I,2) would seem to view
the product development practice of pilot projects with selected customers as an approach
somewhat more balanced between tcchnological competitiveness and product

development performance.

The interpretation of these results suggests that in the case companies pilot projects with
selected customers can be seen as craft practices, not routines. Pilot projects with selected
customers represent advanced practices where a firm has an opportunity te collaborate
with the lead users of new technology (von Hippel 1988). Insights gained from early use
experiences in pilot projects can bring invaluable information for the development
process of a new product or technology. It is also critical to understand that customer-
supplier rclationships in these kinds of business situations are highly confidential, and
often beneficial to both partics. Pilot projects have a definitive role in product
development where different issues can be studied. It does not have to be always related
with technological solutions only; questions can be broader and more complex, too. But
the results from the survey method used here suggest that pilot projects are somehow

associated with aims to use pilot projects as a practice emphasising technological
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competitiveness. This is in one sense a similar type of conclusion to that given in the
literature on the role of lead users for product development, as a source of critical

information on new innovations {von Hippel 1988).

The next variables actually form a pair of issues that are related with the orientation and
motivation of product development engineers. The idea for this question was picked up
from an interview with Dr. Yrjé Neuvo, chief technology officer responsible for new
product creation process within Nokia Mobile Phones, Finland. Scc the citation excerpt
below, where the relationship, differences and similarities between technological

competitiveness and product development performance was analysed by Dr. Neuvo:

13-16. “I think that lechnological compeliliveness and product development performance are a litile bit
similar. A good product is good from both perspeciives, producl development is efficienl and
competitivencess is good. This is how it goes. You necd o have both, and you need to have right balance in
thal. it is evident, (hat is sure. If you have a damn good product development but you are working with poor
technologies, it will not get you to anything, And (he same as opposile. It is very easy for a company Lo
forget the other one of these. T could imagine a situation where a young university based company is
operaling on the basis of technological competiliveness. While another case, some company Lhat is more
established is counting on fast development capabilities. Neither of these previous examples is very good.
You need 10 be good both at technological competitiveness and also in product development performance.
Organisalions need people who take case of the technological compeliliveness, and Lhen they bring il 1c the
product development. But if you look at a highly trimmed producl development organisation, they don’t
have so much time to look around; they don’t have lime to think too {ong about which tcchnologics we
could use here. It is pretty important, that you can refine and develop your new (echnologies in your
company into a level where they can be adopted, direclly into the effeclive product development. Put il
differently, il's like product development train on rails; you can (hrow in bits of new technologies along the
way. {An interview with Dr, Yrjé Neuvo, Nokia Mobile Phones, February/1999, Helsinki, Finland)"

= Product development engineers in our company have a sirong task orientation for ...
->Product development engineers in our company are best motivated with goals for the improvement of ...

Firstly, the practice of “product devclopment engineers in our company have a strong
task orientation for” has been categorised similarly in case companies 1,2,4, and 3.
Bigger firms were a litle different in this question. Company 1 has given a little more
emphasis to product development performance. Company 2, on the other hand, seems to
be more oriented towards the balance between technological competitiveness and product
development performance, regarding the task orientation of the engineers. Smaller
companies 4 and 5 have emphasised more technological competitiveness, in the case of

this variable.
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Task orientation is an important variable in the development activities (Norrman [971).
Interpretation of task orientation on the basis of these results shows that both
technological competitiveness and development performance can be seen as possible
types of orientation. This kind of conclusion is also dependent on the ways whereby this
instrument has been built. Estimating a balance between technological competitiveness
and product development performance is a compromise in the representation of task
environment in the product development process of a firm, as has been described in the
earlier discussion. Orientation is also not a clear-cut development practice, but it
represents more a conception of the views and ideas typically being adopted in the

companies.

The role of individual orientation has also been used as one of the critical elements in this
present study. The results provide variance and responses in ways that have led this

specific variable to be categorised as a craft practice.

Secondly, another product development practice defined as *“Product development
engineers in our company are best motivated with goals for the improvement of *, has
been categorised in similar ways in case companies 2, 3, 4 and 5. The role of
technological competitiveness seems to be more typical in the case of this variable.
Particularly companies 2 and 3 represent examples where the improvement of
technological competitiveness seemed to be emphasised. Both questions concerning the
task orientation and motivation of engineers are quite important, and these issues also
represent main themes being addressed with the research framework and survey
instrument discussed here. Both variables deal with management issues of product

development practices.

Finally, there is a variable defined, as “use of selected key technologies in product
development is important for..”. This question has been adopted from an expert
interview. The interview with Mr. Kari Rintala from TEKES conveniently depicted some

core themes related with the use of key technologies in a firm’s product development. In
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one part of the interview, performance of the main technologies of a firm was discussed.

See an excerpt from the interview below:

4. "This is a question of how you are progressing in your producl development. Stepwise, phased work.
And on the other hand it is also about strategic management. Has the company identified its technology
needs? Does this increase the efficiency of product development? A company should know in what
technologies it should use partnerships, what to buy, when 1o co-operale with universities elc. Some big
companies and a part of the medium sized companies know how to build technological portfolios. /f
product development performance is good then the performance of main technologies is good. {(An
interview with Mr. Kari Rintala, Finnish Techiology Development Centre Office, Seinijoki, Finland)”

—Use of selected key Lechnologies in product development is important for. ..

Four of five case companies were categorised similarly with this variable. Case
companics 2,34 and 5 were characterised similarly with this product development
practice. There are a number of important issues here. The first thing is that key
technologies can be related with emphasis on both technological competitiveness and also
for product development performance, but in different firms. There is some variety in
these results, as this practice was also classified as a craft practice that is not a routine for

these companies.

From the interpretation perspective this variable seems to offer evidence to propose a
conclusion where use of selected key technologies in product development is one means
to address the goals of technological competitiveness and product development
performance. Companies 2 and 3 may have actually utilised more technology
management ideas and practices in their product development. The role of key
technologies can be one of these kinds of areas. This is onc part of the differences
between companies, and of the important differences in their product development. As
Henderson (1996) has argued, these kinds of findings can be important. Use of selected
key technologies in product development actually includes different types of activitics,
both the selection of key technologies, and the ability o use them effectively in product

development.

It is also interesting to ask why it is that use of key technologies in a firm is a matter that

can be also scen as a bit of equivocal, craft practice. The data used for this survey is from
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project managers and process management teams. Sometimes it might be that selection of
key technologies has been organised and carried out by different people working on the
R&D management and development management rather than those project managers
responsible for thc running of the product development process and development
opcrations. The results from this study would seem to support a conclusion where use of
key technologies in product development is not really an engineering problem, but more
of a matter of craft practice. This difference is subtle, but as such it also offers ways to

explain and describe the differences in engineering and craft practices.

5.1.4 High equivocality, high uncertainty-characteristics of “non-routine practices”

The last phase here covers the aspects of the Daft and Lengel (1986) model where both
uncertainty and equivocality are high. Some text excerpts can be shown here first in order
to describe the characteristics of the issues depicted to be highly uncertain and equivocal.
The role of these examples is also important because they are helpful in the analysis of
the empirical data. See prescriptive citations from Daft and Lengel (1986: 557, 563)

below:

Interpretation guidelines from Daft and Lengel (1986) on non-routine practices:

-High equivecality, high uncertainty: Many ambiguous, unclear events, managers define guestions, also
seek answers, gather objective data and exchange opinions.

-Unanalyzable, High variety (Non-Routine technology): Structure: a) Rich media to resolve unanalysable
issues b) Large amowunts of information to handle exceptions. Examples. Frequent face-to-face and group
meetings, unschediled meetings, special studies and reports.

Essentially the point in the above examples might be that non-routine technology like
issues can be quite complex in terms of the organisational information requirements.
Then it is also critical that companies can apply different product development practices
In ways that could match the underlying requirements. According to Dafl and Lengel
(1986) it is also probable that special organisational information processing mechanisms
like group meetings can be required in order to be able to resolve the problem solving
requirements. The data collecied from the case companies can reflect this theme

particularly well. Being able to compare the findings from different management groups
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in different companies can help us to analyse how these groups can reflect on a set of
important issucs related with product development practices. The analysis framework we
have developed here results in a way to a synthesis describing what kinds of problems

can be difficult in different companies.

Product development practices classified here as highly equivocal and uncertain varies
again across companies. There is only one variable that can be appropriately used for the
cross-case analysis. This one is analysed here in more detail. The variable “achieving
‘critical mass effect’ is imporlant for”, has been interpreted here to be perceived as a
highly equivocal and a highly uncertain issue in four of our five case companies. This
variable is then common lo case companies 2, 3, 4 and 5. The results concerning the
nature of this particular product development practice would seem to be such that a
notion of critical mass effect was perceived to be related with emphasis on product
development performance. Company 2 where the respondent group was biggest seems to

view this issue in a little more balanced way.

See Table 23 on next page describing the data.
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Table 23. Non-routine practices (High equivocality and high uncertainty, cross-case data

tables)
Statement respensas | Confidence responsos
N |Medlan®|Percontilas [QR N Median
Non-routlne practicos {High equlvocallty,
Casps | high uncaertainty) Valld 25 75 Valid

1 |Achieving “crilical mass effect” is imporiant for 8 -3 4.75] 1.5 | 625 B 6

2 |Achieving "crillcal mass affect” Is impariant for 12 0.5 -3 4 7 11 6

4  |Achigving "crilical mass effecl" is important for 3 3 0 7 7 3 4

5 |Achieving "ctitical mass effecl” is importanl lor 6 2 ~1.25 4 5.25 B 6
Cross-lunclional product development leams

5 |are imnodant far 6 1.5 0.5 | 475 | 525 [ 55
Cuslomer specific producl development

4 |projecls are importanl for 4 2 0 625 1625 4 4.5
Developmenl of product and technology plalferms
first from low-end towards high-end price

1 [seqgments is importanl lor § 1.5 -2.25| 526 | 7.5 3] 6
Development of product and lechnalogy plallorms
first from low-end lowards high-end price

5 |segmenls is imporant for 6 3.5 -3 5 8 5} 5
Inlegraled liming and scheduling for internalionally
dislribuled praduct development leams is

1 |imporant for [ 5 0 5] B 8 6.5
Integrated timing and scheduling for inlernationally
distributed preducl developmenl teams is

4 _limportanl lor 4 25 0.5 1 525 | 4.75 4 4.5
Making authorized lechnology choices on behalf of

5 |our cuslomers is important for 5} -4 -5.25| 1.25 | 6.5 [ 5.5
Qur company evaluates and measures its product
development activilies specially for the

4 |developmenl ol 4 i85 |-225] 4.5 | 6.75 4 4
Cur company’s own sales and distribution

2 |nefwork is importand for 13 0 -3 2 5 11 5]
Pilol projecls wilh selecled customers

4 |are important for 4 -2.5 4.5 1 5.5 4 4.5
Prigrilisalion of fime based results over cost

5 |issues is important or 4] 2.5 -0.25 6 6.25 B 6

* Responsc values range from technological compelitiveness (-) to product development performance (+).
Zero value (0} marks more emphasis on balance between them.
IQR (Inter quartile range, differcnce between 75% and 25% quarlile values which provides a slatistical
estimale on the dispersion of data originating from an ordinal response scale.)
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Table 23. Continued. ..

Statement responses | Confidonee responses
N |Medlan*|Percentiles QR N Meadian
Non-routine practices {High equivocallity,
Cases | high uncertalnty) Valld 25 75 Valid

Project specilic siralegies for supplier involvement

1 |in producl developmenl are importanl for 8 -2 -4 1.5 5.5 ) 5
Projecl specific strategies for supplier involvernent

3 |in product development are imporant for 5 2 -1 4 5 5 7
Project specilic slralegies for supplier involvement

5 |in product development are imporianl for 6 0 -2.75 4 6.75 5 5
Protolyping and lesling principles in our

5 |organisation are based on 5] -1 -6.25(225] B85 5} 5.5
Real benelils from the inlernalionalisalion of

4 |producl developmenl work are imporiant for 4 -3 -55 | 1.75 | 7.25 4 3
Separalion ol lechnology development projects

4 |and product development projecis is imporant for 4 -1 -5 3 8 4 4.5
Separation of technology development projecls

1 |and producl development projects is imporianl for 8 0 3751375 75 8 6.5
Some long lerm cuslomer relalionships

1 lare importanl for 8 35 -2.75 5 7.75 B <]
Some long lerm customer relationships

5 |are imporlant for i 1.5 -1 | 425525 5] ]
Synergies rom common lechnical funclionalities

5 between products are imporlanl for [} 0 -3.5 6 9.5 6 6
Synergies from lechnological disconlinuities

2 | areimponant for 11 -2 -5 1 5 i1 5
This producl development organisaton where we

1 |are working is ollen described as oriented towards | 8 2 5 | 475 ] 9.75 8 6.3
This product developmant organisalon where we

4 lare working is oflen described as oriented towards | 4 0.5 225|325 55 4 4
Top managemenl of qur campany is

1 typically prioritizing 8 -2 4.75| 4 8.75 8 6.5

* Response values range from technological competiliveness (-) to product development performance {+).
Zero value (0) marks more emphasis on balance between them.

IQR (Inter quartile range, difference between 75% and 25% quartile values which provides a statistical
estimate on the dispersion of data originating from an crdinal response scale.)
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There is only one product development practice that has been calegorised as a non-
routine practice similarly in four of the five case companies. This practice has been
defined as “Achieving a critical mass effect is important for..”. The idea for this specific
question has been based on the interview with the managing director of case company 2.
In the interview, the managing director was describing the differences and synergy
between technological competitiveness and product development performance, when the
theme of critical mass came up as a way to develop some approaches to manage this issue
in product development. It is a type of technology strategy approach to the analysis of
similarities and differences between technological competitiveness and product

development performance. See the original citation below:

6. “I think you have to focus for critical mass issues, if you are doing something important.
Technology, important product, or anything, you have to solve the problem of critical mass. There
are so many technelogies in our field of business. You have 1o classify those inlo key technolopies,
supporl technologies, and whal is something you can buy (otally from suppliers. This classification
process is beneficial, because if you do it carefully it helps in focusing. (An interview wilh
managing direclor of Case 2, April 1999, Finland)"

-> Achieving “critical mass effect” is important for...

This result has been categorised similarly in case companies 1, 2, 4 and 5. Two types of
information can be found by analysing the data table. The first is that according to the
interpretation it is possible to conclude that achieving critical mass effect is a non-routine
practice when analysed from the organisational information requirements perspective.
Secondly, it can be concluded that this specific practice seems to have received a liitle
more emphasis on product development performance. It can be therefore argued that on
the basis of these results it would be possible to argue that “achieving critical mass
effect..” is a means to address product development performance, although the difference

in empirical data is subtle.

The notion of achieving critical mass mass effect might be an attractive way to describe
how the leverage from product development is linked to the output and efficiency of
devclopment activities. The nature of this practice (achieving critical mass effect...) is

quite complex. Perhaps the best way to describe the findings from this study is that it can
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represcnt a management decision (Harrison and Pelletier 2000) that addresses the
concerns described in the interview of the managing director of case company 2.
Depending on the situation and the firm’s capabilities, management may define goals of
critical mass in different ways. Achieving critical mass effect is a non-routine practice to

manage the balance and focus in the scope of the firm’s product development activities.

5.2 Conclusions from the cross-casc analysis

This cross-case analysis has been focused on the analysis of the data patterns arising from
the survey, only analysing those variables in more detail where some commonality
between the cases seems to be showing. This is the purpose of the cross-case comparison,
100. Now once we have first shown the data in its raw form, we can also discuss some
issues related with the analysis of the results. The presentation of the results so far has
been carried out in order to make explicit how the field observations and the survey
methods developed here can be used with the data from the empirical interviews. Also the
classification procedure developed here for the quantification of equivocality and
uncerlainty of responses has been addressed. Qur model framework also offers additional
points to be discussed. The overall relevance and meaning of the dualistic balancing
between overlapping goals of technological competitiveness and product development
performance can be elaborated. One major point that we have not yet discussed very

much is that the role of the model framework also needs to be elaborated here.

Empirical data from the industrial electronics sector of the Finnish electronics industry

The responses in this present study are all from companies operating in a similar type of
business environment, that of industrial electronics. Technological competitiveness is a
critical success factor for the companies in their business. FHowever, in general it is
important to underline that, relatively speaking, the industrial electronics business is not a
pioneer in all technical areas. Some experts have suggested that in fact industrial
electronics is a follower and application developer for the innovations originating from

sectors like the consumer elecironics industry. Companies involved in product
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development and business in industrial electronics can be, however, similarly competing
with technical superiority in product applications and technological areas. Both
technology development and product development are practised in distinct areas within
industrial electronics and consumer electronics. The inclusion of five case companies
from the same industry represents an effort to maintain focus on similar type of business
environment, where the firm’s product development practices evolve and are being used.

Qverview of the results

It has been argued that there there are no specific ways to choose a best product
development method (Souder 1978). This limitation is also a good point to remember.
The results shown here emphasise that there are different types of product development
practices, in terms of the differences between the organisational information requirements
of different practices (Daft and Lengel 1986). These results may also offer some ideas to
make sense (Daft and Weick 1984) of the interpretation perspective of product

development practices.

The ideas being addressed in the cross-case analysis show that it may be possible to
categorise product development practices in ways that are based on the theoretical model
of organisational information requirements (Daft and Lengel 1986). LEarlier literature
review of theory and empirical findings on product development practices would suggest
that different integration and problem resolution mechanisms could be used in order to
match problem characteristics different ways of organizing the development work. One
implication of this would be that product development practices could be used differcntly

in different companies (Maffin et al. 1997).
Development orientation and process performance

In the empirical interviews for this study it has been observed that individual differences
in orientation and interests may explain some aspects of the interdependencies between
technological competitiveness and product development performance. This previous

point needs to be considered together with the analysis of these results.
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Earlier literature on product development processes and development practices has often
been based on the information processing theory of organisations as problem solving
entities. In a deeper sense, it can be argued that orientation of both individuals and groups
may be a factor that underlies problem solving in development work. Orientation may
also be seen to precede problem-solving activities, which can bring up the information
requirements perspective. Empirical studies of product development activities have
shown lrow problem-solving processes have been used as an interpretation and resolution
mechanism. The ideas of the Daft and Lengel (1986) framework then brings up the
question of what problem-solving requirements can be anticipated, and moreover, what
kind of generic problem-solving models could there be. One example is a design structure
matrix, as described by Steward (1981) and Eppinger et al. {1994). Design structure
matrix type of prescntations of product development activities underiine the flow of
information in terms of the problem-solving tasks. Different kinds of task dependencies

and relationships can be analysed in this way (Ulrich and Eppinger 2000).

Often the discussion and analysis of product development practices is based on a
background context or situation where some specific problem is being solved, or some
development performance goal is being improved. It is also possible that different
product development practices may drive information requirements in different projects
and siluations. A key idea is that the effectiveness of some product development practices

has often been analysed in terms of the achieved improvements in designated goals, like

the reduction of time-te-market.

In this study an attempt has becn made to maintain a quite generic background situation,
underlying the use of development practices. This is also a point wherc we may need to
make a differentiation between a practice and a project. Product development project can
be used for the depiction of development task goals, in terms of specific time, quality and
cost constraints and resources. A practice is more a matter of doing some particular
activity in development process with a selected approach. One cxample could be that

companies can use different mechanisms to manage the relationship of technologies and
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their interactions in different projects and products. Practices can be argued to represent a
way to approach the transformation issues (various forms of input-oulput processes) in
development processes, to find an alternative approach that could complement the project
fevel focus. Process performance then deals with this need of organisations to be able to

adjust the uscs of development practices in different development tasks.

Process performance can include various means ends rclationships, also conceivable as
integration models with varying focus and types of fit between task-technology
relationships. Different types of task-technology, technology-information processing
relationships and their terms of fit are conditioned by some important factors. This can be
perhaps argued with the examples where perceived individual and group level
orientations and uncertainty can have some impact on the information processing.
Thercfore perceived uncertainty and orientation can be examined as a source of
information on the antecedents of organisational information requirements. This gives us
some possibilities to use that kind of approach as a way to deal with the information

available to us from the empirical research.

The survey methods we have developed and used in this research are based on this kind
of analysis of the orientation and perceived uncertainty of the match of product
development practices with the need to achieve critical focus or balance in a product
development process. In the research the idea of process performance has been
accomplished with relating the use of product development practices (means) with the
“ends” of product development process: a managed balancing between technological
competitiveness and product development performance, through contingent use of
product development practices for these goals. This enables us to utilise also the
organisational interpretation perspective in the analysis of the development practices as

ways to address some particular types of goals and performance objectives.

The results of this cross-case analysis have shown that it may be possible to analyse the
differences in information requirements of product development practices between

companies. However, data from a few cases cannot be generalised to a great extent,
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which should be remembered. But as a whole the pattern and variety of uncertainty and
equivocality as analysed here presents an interesting range of challenges concerning the
implementation of product development practices. Next we will present a summary of the
common findings between the case companies. Comparing the differences in routine,

engineering, craft and non-routine practices has carried this out.

[nterpretation of the empirical data

The differences between the suggested categories of organisational practices are
described with the empirical results obtained here. An overview of the practices is shown

in the Tables 24 and 25 on next pages.

Starting here with a variable from the Table 25: “A broad range of technological
capabilities is important for the tcchnological compctitiveness” has been categorised here
as a routine practice in four out of five case companies. It would seem possible to argue
that this represents a view in these organisations where the importance of different types
of technological capabilities can be important. But this is just a matter of orientation.

Individuals and groups in different organisations seem to be similar in this practice.

Next there is another product development practice that has been categorised as an
cngineering practice, This practice has been defined as “the real benefits from the
internationalisation of the product development work are important for..”. This practice
has been related with both technological competitiveness and the balance between
technological competitiveness and product development performance. It would seem that
the benefits from internationalisation of product development work represents issues for
these organisations where they need to make plans and collect quite a lot of new
information. The idea of internationalisation itself may not be so difficult, or it can be
said that these companies arc working in order to manage the internationalisation of their

product development, with related opportunities and difficulties.
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Routine practices

-“Clear, well-defined situation, managers need few answers, gather routine
abjective data.” Or,

-“Analysable, Low variety (Routine Technolegy}, Structure: a) Media of low
richness, b) Small amounts of informalion. Examples: Rules, standard procedures,
standard information sysicm reports, memos, bulletins..

Engineering practices

-“-Many, well-defined problems, managers ask many questions, scek explicit
answers, pather new, quantitative data.

-Analysable, High variety {Engineering technology). Structure: a} Media of low
richness, b) Large amounts of informalion to handle frequent excepiions.

Examples: CQuantitative data bases, plans, schedules, slatistical reports, a few
meetings”

Craft practices

-High equivocality, low uncertainty: Occasional ambiguous, unclear events,
managers define questions, develop common grammar, gather opinions. (Daft and
Lengel 1986:557)

-Unanalyzable, Low variety (Craft technology), Structure: a} Rich media to resolve
unanalysable issues, b) Small amounts of information; Examples: Occasional face-
lo-face and scheduled meelings, planning, telephone (Dafi and Lengel 1986:563)

Non-routine practices

-High equivocality, high uncertainty: Many ambiguous, unclear events, managers
define queslions, also seek answers, gather objective datla and exchange opinions.
-Unanalyzable, High variety (Non-Routine technology): Structure; a) Rich media to
resolve unanalysable issues b) Large amounts of information to handle exceptions.
Examples: Frequent face-to-face and group meetings, unscheduled meetings,
special studies and reports.

Table 24.

Practice characteristics according to Daft and Lengel (1986: 557-363)




ACTA WASAENSIA 161

Table 25. Results of the empirical cross-case study

Categories of different Product development practices
practices
Routine practices A broad range of technological capabilities is important
{(Low equivocality, low for...

uncertainty)
Engineering practices Real benefits from the internationatisation of preduct

(Low equivocality, high |development work are important for...
uncertainty)

Craft practices Continuous increase in know-how for advanced
(High equivocality, fow technologies and computerized tools for product
uncertainty) development methodologies are important for...
same as above Pilot projects with selected customers are important for..
Product development engineers in our company have
same as above a strong task orientation for..
Product development engineers in our company are best
same as above motivated with goals for the improvement of..
Use of selected key technologies in product development
same as above is important for...
Non-routine practices Achieving "critical mass effecl” is imporiant for...

(High equivocality, high
uncertainty)

Then there are a larger number of practices that have been categorised as craft practices.
These represent morc cquivocal situations than the routine and engineering practices.
Craft practices are also practices and challenges that may not be yet ready for analysis
and planning. It is more a matter of finding the questions and answers to problems that
have characteristically a more multi-sided nature than in the case of routine issues. Craft
practices are also issues where opinions are discussed and common concepts being

sought,

Finally there is non-routine practice. The variable has been categorised as: “achieving a
critical mass effect is important for product development performance™, and this could be
stated as an interpretation of the results presented in Table 23. It would seem possible to
interpret this result in a way where the goal of critical mass is an objective that may
enable effective results in terms of product development performance. It can also be a

goal of product development management to build a critical mass of resources in order to
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be strategically capable in some specilied ways. But the notion of critical mass effect can
also be a problem when this kind of performance is not being achieved, and there can be
some performance gaps in the organisation. Critical mass is a matter of business and
technology strategies, giving guidance and paths for the product development of a firm. It

is a management challenge.

Some questions may be also mentioned as ideas for future studies. Are there significant
differences between routine practices and other practices, in terms of their impact on
development performance? What kind of real differences can there be between routine
and non-routine practices, are these differences related with the development capabilities

and competitiveness of a firm?
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6. DISCUSSION

6.1 Research gap and the findings from this study

This present study has been carried out in order to find ways to benefit from the inherent
uncertainty and equivocality of development activities. The main goal has been to

advance our understanding on the following questions.

1} How might the technological and competitive settings of a firm impact the uses of
product development practices within a product development process?

2) How could we analysc different types of product development practices and their
implementation in the product development process of a firm?

The first question has been addressed in the literature review, and thus a perspective has
then been chosen for the more detailed analysis of the second question. Regarding the
first question, earlier studies on product development performance in the electronics
industries have shown that the nature of product development process performance is
dependent on the nature of the competition and the market environment of a firm (Locl,
Terwiesch and Stein 1996). This means that the particular type of performance
dimensions may be achieved only by using certain related product development practices
that may support the achievement of such goals. This kind of means ends approach has

been selected as an approach that has been used in this research.

In the present study we have attempted to take a look at product development process as
an environment where development practices are being used. Regarding the second
question, a particular type of analysis approach has been adopted where product
development practices and their implementation in the product development process of a
firm has been modelled by using the ideas of means and ends. The idea of means and
ends perspective is that product development practices may have characteristically related

information requirements that are associated with the ways in which product development
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practices can be implemented in the context of the product development process of a
firm. Earlier literature on this area has led to conclusions where it has been argued that
effective product development processes seem to be both balanced and focused
{(Cusumano and Nobeoka 1996). Notions of balance and focus have then been selected
here as characteristics that can be related with the development oricntations, also argued

to be an important enabling factor of successful product development activities
(Norrmann 1971).

On the basis of earlier literature, it may then be possible to argue that product
development orientation underties the understanding of the use of product development
practices as means to achieve selccted objectives. Obviously organisations may have
different means to accomplish their goals. Individuals and groups may have different
orientations. In the context of industrial product development processes it can be
important to be able to align the peoples’ orientation towards development goals and
tasks. Orientation to development practices is also a matter of learning and experience.
People can be very different, but when they work together for a joint goal in a product
development process their specific and general ideas of different product development
practices can be negotiated and analysed by the teams. This is a source of variance that

we have tried to tap into with this study.

Earlier in the literature analysis, we have also referred to Koufteros et al. (2001, 2002)
who have argucd that new research is needed in the area of product development
practices and relationships between them. Koufteros et al. (2001,2002) have also
suggested that analysis of development practices should focus on the compelitive

capabilities being related with the development activities.

In this present study, the idea of linkages between competitive capabilities and product
development practices has been approached with the ideas of organisational information
requirements. The use of selected product development practices, as means to achieve
some selected goals is a way to conceive how the development orientation may be related

with the use of different practices. The product development orientation discussed here is
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a bridging concept between earlier studies on technology and market orientation. For
example, Cooper (1985a) has discussed how companies should try to balance and focus
their activities in order to find ways to integrate technical and market based issues. These
questions are also based on the importance of slrategic orientations in product
development (Gatignon and Xuereb 1997, Madhavan and Grover 1998, lansiti 1995b).
Some other examples can also be mentioned where the middle management level
perspective on the product development practices can be critically important for the

success of product development (Barclay 1992b).

On the basis of the literature analysis it was possible to conclude that competilive
capabilities are natural attributes of the information requirements of the product
development practices. The second key finding was that these information requirements
might also be associated with the underlying development orientation of both individuals
and groups conducting product development tasks. On these bases, it was then possible to

pursue the modelling of the use of development practices.

6.2 Characteristics of the empirical study

Organisational theories often represent a perspective to a firm’s activitics where one
single practice or method does not necessarily suffice for the description and elaboration
of important issues. More often organisational theories represent several complementary
constructs like organic or mechanic structures (Burns and Stalker 1961), or single and
double loop learning (Argyris and Schon 1996). Organisational practices related with
product development may also be related with a number of complementary issucs like
shared knowledge base, communication and co-ordination activities within the
organisation (Hoopes and Postrel 1999). In this present study we have also analysed a
number of different product development practices. The idea has been rather to delve
deeper into the realms of product development, than to focus on one specific method or

tool used in product development.
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The ideas of organisational information requirements also represent a relatively broad
approach to the associations between information and organisations (Simon 19357, Nadler
and Tushman 1978, Daft and Weick 1984, Daft and Lengel 1986). Having performed a
literature review on these issues the framework of Daft and Lengel (1986) was adopted as
an underlying guideline in the modelling of product development practices. This was
because the ideas in selected problem types, alternative levels of complexity and
uncertainty scemed to offer a convenient way to address the elements of information and
organisations. Information processing theory based perspectives on organisations have
also been used earlier in studies and the modelling of product development activities

{(Gales et al 1992, Sicotte and Langley 2000).

One limitation of this study is that the role of organisation has not been addressed in a
very comprehensive manner. Still the empirical analysis of the material discussed in this
research has been collected from several companies. The purpose of such data collection
has been to analyse product development processes and practices in a number of different
firms operating in the industrial electronics industry. The ideas of information
requirements have been applied in a way where the product development orientation
underlying management of a product development process of a firm has been studied.
This issue has been studied through group meeting type contexts where the firm’s product
development management teams can try to resolve the task requirements of the ongoing
development activities. Development orientation is also rclated to issues like how

companies think about risk taking and performance requircments.

6.3 Contributions of this study

The goal of this study has been to analyse different types of product development
practices and their implementation in the product development process of a firm. This
research task has been approached from the perspective of organisational information
requirements. Ideas from both literature and empirical interviews have been used in the

analysis, and a new type of conceptual construction and survey instrument has been



ACTA WASAENSIA 167

developed. Next follows a short discussion in order to review the contribution of the

study.

The level of analysis in this research has been the product development process of a firm.
To put this in perspective il can be argued that this study has analysed the business
process of a firm, not the firm as a whole. This limitation is important, and the results of
this study do not try to explain the success of a firm. Neither have we sought to explain
the product development success in terms of the new product success factors for a firm.
The focus in this study has been in the business process level perspective related with the

analysis of the product development practices.

Focus on product development process means that a range of different development
practices or development activities used in the product development process was
analyscd. The analysis approach used in the study has been based on the development
orientation refated with the practices. The modeiling of product development practice and
its use has been conducted in a manner where company level best practices have been
used in the building of a conceptual framework that attempts to measure aspects of the
development orientation of individuals and groups. This is important because in this way
the earlier knowledge on firm level issues has been utilised in the analysis of the business
process level use of development practices’. The ideas of modelling in this way are
examined here because it shows the traces of how the ideas and [rameworks utilised have
becn developed. Tt also helps to describe the areas of contribution. The idea that product
development work is often carried out under different constraints and imperatives has
been discussed in earlier literature. Aspects of product development performance have
also been conceived as development imperatives (Schilling and Hill 1998; Wheelwright
and Clark 1992, Clark and Fujimoto 1991). Such performance dimensions are versatile
and often contingent o the original new product and development programme strategies
of a firm (Cooper 1984, [985a, 1993).

T Existing literalure on development performance has often underlined the criticality of being able to maltch
and integrate technology development with product development in balanced and focused ways (Clark and
Fujimoto 1991, Cusumano 1992). This comment may clarify the analysis of technelogical compeliliveness
and product development performance in (he conceptual framework of this study.
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The question may arise of why we should analyse the implementation of the product
development practices. Specifically in this study it can bc an important question. Earlier
literature on product development practices and development activities has often
examined the conduct of practical development tasks as their performance is analysed
with the project level goals for time, qualily and costs. On the other hand, company level
analysis of product development performance suggests that effective development
operations are often balanced and focused. These two examples show different
perspectives on the product development process of a firm. Product development
practices are dependent on both of these, projcct level and firm level issues. Questions
like these have pointed us towards the analysis of how product development processes are
actually being managed and operated. This is the level of analysis that explains the need

to analyse product development practices and their implementation.

The research framework and ideas used in this research give possibilities to separate five
related issues in the analysis of product development practices. Empirical modelling
covers three of these issues, and the underlying theoretical perspective describes the
fourth and fifth aspects. These issues are discussed here in the following manner,
addressing the following questions:
—What kinds of product development practices might be secen as means to be
related with the development orientation towards technological competitiveness?
—What kinds of product development practices might be seen as means to be
related with the development orientation towards product development
performance?
—What kinds of product development practices might be seen as means to be
related with the development orientation to balance technological competitiveness
and product development performance?
—How does the underlying perspective on organisational information requirements
enable us to examine the questions shown above?
—What kinds of conclusions might then be drawn on the basis of the used

approach and results achieved?
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Empirical issues addressed in the analysis:

1) Product development practices related with the development orientation
towards technological competitiveness.

ii) Product development practices related with the development orientation
towards product development performance.

iif) Product development practices related with the development orientation to

balancc technological competitiveness and product development performance.

In this study, we have applied the concepts of technological competitiveness at the
company level product development processes. Appendices 6,7,8 and 9 show examples
of how different product development practices have been related with the orientation
towards technological competitiveness. These results are descriptive, case company level

results with some common issues between cases. There are also differences.

One implication from the study is that practitioners in product development may perceive
technological competitiveness and/or product development performance itself as a goal or
priority, besides the more practical terms like development lead time, productivity and
lotal product quality (Clark and Fujimoto 1991). Performance goals have quite strong
impacts on the product development processes. This may even bc so important as to
justify saying that for some companies technological competitiveness is a competitive

priority for their product development processes.

The set of practices used here represents a summary of practices describing the
relationship  between technological competitiveness and product development
performance, on the basis of this material analysed in the present thesis. Here in the study
balance has been conceived as a type of management team orientation, as analysed

through the responses of a management team.
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Fundamentally, the balancing between technological competitiveness and product
development performance is a matter of timing between different development activities.
One primary issue is that we need to discuss how the role of product development
performance, technological competitiveness and balance between them has been analysed
in the course of this research. In a basic sense the study has presented a method of
catcgorising product development practices in terms of the underlying product

development orientation of the management team participants.

Ideally, a balanced and focuscd product development process then integrates all these
mixed goals with organisational capabilities in order to ensure optimum deployment of
competencies and insights for product innovation activities. How to achieve this kind of
optimum processes is an important challenge of product development management.
Theoretically we might be able to propose a synthesis over the previous perspectives in a
form of management variable of development orientation, as a characteristic of both
indtvidual and group level attributc of organisational information requirements. Various
situations can represent the context where this kind of balancing can be necessary. In
real-life the balancing takes place via different mechanisms and processes. Orientation of
both individual and group can have an important role in the background of the

“balancing” process.

How does the underlying perspective on organisational information requirements

enable us to examine the questions shown above?

Earlier empirical research has shown us that there are many types of performance
dimensions related to the product development process of a firm. Deeper analysis of
dimensions or product development performance has also shown that issues like total
product quality are strategic issue categories to firms that can actually be also seen as
drivers of many underlying performance areas also critical to product development (Clark
and Fujimote 1991). The point is to be able to make sense of the performances improving
the product development function of a firm and competitiveness as a whole. From the

perspective of this research, it becomes important to find an appropriate way to address
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the research questions. Here the key finding has been that product development practices
can be related with multiple performance dimensions. And as we have already discussed,
it is important to be able 10 have an appropriate development orientation that can help

companies manage the complex challenges in product development processes (Norrmann
1971).

The modclling approach used in this research is built on an idea where fit between
development practice and its use as a means to address competitive capabilitics of
technological competitiveness and/or product development performance has been
examined. The approach attempts to capture the product development orientation of the
management team running a company level product development process. The ideas of
uncertainty and equivocality are analytical perspectives used for the analysis of the
empirical data representing information requirements underlying a descriptive problem
used in the modelling of a product development process. Product development practices
have been classified into four different categories reflecting the variation in the responses.
For example, product development practices characterised by highly consistent and
converging development orientations coupled with low levels of uncertainty have been
classified as routine practices reflecting low levels of equivocality and uncertainty as

suggested in the ideas of Daft and Lengel (1986).

Accordingly, different product development practices have been analysed in terms of
their information requirements characteristics for routine, engineering, craft and non-
routine practices as proposed in the model of Daft and Lengel (1986). This classification
into four types of different practices gives deeper and complementary perspectives for the
analysis of the research questions. The use of the organisational information requirements
perspective has enabled a building of an interpretation framework that addresses many of

the issues mentioned as parts of the research gap by Koufteros et al, (2002).
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What kinds of conclusions might then be drawn on the basis of the used approach

and results achieved?

Results show that different product development practices may have different
information requirements. In practice this means that different types of product
development practices seem to receive dilferent types of responses on the basis of the
management team orientation. In some practices the responses of the groups converged
quite much and in other cascs they were also quite divergent. Some practices can be seen
as very much rclated with technological competitiveness while some others are more
related to product development performance. Perlaps no one best type of “balance” can
be picked up through this type of research approach. What we can say here is that various
responscs concerning different product development practices seem o vary from low
uncertainty and low equivocality to those of higher levels of uncertainty and equivocality.

This is the analysis logic and perspective used here.

Some practices may be more [amiliar and routine like in companies, especially if we are
speaking about a specific product development practice that has been very much
discussed in a firm. We cannot argue here whether the issues with low uncertainty and
low equivocality can be better used for balancing between technological competitiveness
and product development performance than those with higher perceived levels of
uncertainty, for example. Rather, the point we can argue here is a broader question of
what kind of information requirements could be in the first place be seen as characteristic
of technological competitiveness or product development performance. This is a way to
delve into the realms of the development oricntation of individuals and groups

participating in the management of the product development process.

Theory and literature on organisational information requirements have been used here to
build a base for the analysis in terms of organisational interpretation (Daft and Weick
1984). The interpretation achieved with the used framework can be described. Daft and
Lengel (1986} have provided alternative ways to interpret the information requirements.

One perspective of their model suggests that routine issues can be dealt with with reports
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and performance data collection, while non-routine issues may require frequent face-to-
face discussions and problem solving (rich media). Different types of information
requirement categories may therefore require respectively different choices and

approaches in the resolution mechanisms.

The theoretical framework utilised here offers a way to analyse organisational practices,
and to make a systematic interpretation of the differences between product development
practices. From this perspective, the measurement instrument and related questions
describing product development practices have enabled us to build a way to analyse
preduct development activities with the ideas suggested by Daft and Lengel (1986). The
nature of the measurement appreach is not very simple, but it seems to be possible to

utilise the data in ways that provide analysis results for analytical inquiry.

Some selected questions could be highlighted. Categorisation of the practices into
different groups gives us possibilities to analyse the differences and similarities between
product development practices. This is an issue that has been recently discussed by
Koufteros et al. (2002) as an area that may benefit from new research results. Sccondly,
the categorisation approach shown here has resulted in empirically grounded new
hypothesis for further research. This kind of hypothesis might be given in the following
form: is it possible to verify the differences between routine and non-routine practices in
the implementation of product development practices in the product development process
of a firm? In addition to this hypotheses it can also be argued that new means ends
hypothesis can be developed on the basis of product development practices being better

or worse in supporting ends like technological competitiveness.

The basic resuft of this study is to provide new perspectives and improved understanding
on issues like what kinds of product development practices might be seen to be
complementary with each other to address a goal like the technological competitiveness
of a firm and its products. This also represents a way to address the need to achieve new

research results on the organisational interpretation perspective in product development
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activities with the ideas of Daft and Lengel (1986). Achieving this is also one way to

focus on the research gap in innovation projects as discussed by Gales et al (1992).

6.4 Summary

The results from this study may be unique in that the role of product development
practices has been problematised in terms of the contingent use of the practices to address
the relationships between a practice and its use as means to address the purpose for which
it is being used. The purpose implied with the uses of the practices has been modelled as
a need to balance or focus on different imperatives like technological competitiveness
and product development performance. The framework utilised in the research has been a
compromise and synthesis over a range of success factors for effective product
development processes. Specifically we can argue that the type of product development
practice level approach we have used in the empirical survey represents a method or tool
kind of collection of various product development practices, giving us a cross-

disciplinary view over a product development process.

In this model, a list of 33 contemporary product development practices has been built into
a structured survey instrument. These practices and related excerpts from interviews
present in-depth insights into the management issues of product development activities in
some companies from the electronics industry. In many cases the interviews used for the
analysis of the chosen 33 practices have been made with the managing directors of the
companies. These practices can also be used and analysed in future studies. The linkage
between questionnaire and these development practices does offer ways to use these as a
new lype of survey tool for the analysis of development activities. This survey tool has
been tested in five companies with empirical group interviews of the management teams
of these firm’s product development processes. The data has been analysed via a cross-
case analysis against the ideas of the underlying organisational information requirecments
framework of Daft and Lengel (1986).
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Data from a cross-case analysis have been used for the comparison and analysis of the
similarities and differences between the companies in terms of the responses to the survey

questions.

In this way the practices and analysis methods bring new empirically based information
on the usc of product development practices in the electronics industry. The fact that
these practices have been gathered from companies in the electronics industry may be
important because this industry is by nature international. So even when this study is
empirically limited to Finnish companies in the industrial electronics industry, it is

grounded on practices used in internationally operating companies.

We have approached product development processes with a two-stage research process.
First we have collected a number of observations from qualitative interview material in
the industry. Then these findings were synthesised into a set of statements concerning
product development management. A response scale was also designed that was used in
the analysis of the derived statements. This questionnaire tool is an esscntial part of the
contribution of the study. We have developed, tested and refined the main findings into a
hypothesis for further research work. The set of 33 statements represents differcnt
perspectives to product development process performance. This list of items is seen as
another contribution of the study. These items may be used and replicated in further
studies concerning product development process performance, regardless of the response
scale being used in the study. We have sought to keep the framework quite simple in
order to keep it flexible enough for the analysis and interpretation of different kinds of
product development processes. The premise here is that whatever the needs and reasons
might be for more detailed use of the model framework, it is necessary to limit the focus
to a specific approach required for the analysis. We can use the model framework as

such, or the set of questions associated with the model as such, in separate roles.
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7. LIMITATIONS OF THE STUDY AND FUTURE RESEARCH

7.1 Limitations of the research results

We may start here with critical limitations of the study. A primary risk in the study may
be that concepts have been used that describe both internal and external issues related to
product development. Traditionally, competitiveness may have been seen as an external
parameter related to success in business and operations. We have used a concept of
technological competitiveness as perceived by the management groups of product
development processes. That is one major limitation of the study, as it has not been
verified externally how important technological compctitiveness really may be for the
business performance of the companies included in the sample. This limitation also
concerns also product development performance. This study has been an attempt to

operationalise product development orientation with these previous concepts.

Product development activities have mostly been studied by analysing product
devclopment projects. Product development process level analysis on  product
development is little different in its scope. A process—based approach may cover different
issues and topics concerning the environment and practices of product development in a
broader way. This research has combined some elements of both project and process
level approaches to product development processes. Here we will discuss the questions
on validity and reliability in the context of the present study. The justification and role of
cases is also considered. There are both qualitative and quantitative issues to validity that

we need to cover here.

7.1.1 Validity

This study has sought to utilise product development orientation as an underlying level of

observations used in the analysis of product development process performance.
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According to the results, the methods uscd have shown such results where this issue of

orientation has been found in the empirical analysis.

Major issues of validity and reliability are critical to all research activities (Kirk and
Miller 1986). Product development process performance has been found to vary in
different industries (Loch, Terweisch and Stein 1996; Terwiesch, Loch and Niederkofler
1998; MacCormack 1998). This notion of the theoretical nature of product development
process performance may also be used for the justification of the selected case studies, in
that they are all {rom the industrial electronics industry. Also, the basic nature of the
concept of process performance is related with issucs of how well we have
operationalised it, a major issue on the validity of a study. We will discuss validity here

1n terms of content, construct and criteria related perspectives to the study.

We have developed a model of product development process performance with two main
concepts used in the operationalisation of the model. By doing so used concepts of
technological competitiveness and product development performance have been used as
major characteristics of product development process performance, Then the issue of
content validity can include questions of how well these concepts and their definitions are
sufficient for requirements like Sekaran has described: content validity ensures that the
measure includes an adequate and representative sef of items that would tap the concept
(Sekaran (1992:171). Together these concepts of technological competitiveness and
product development performance cover a broad overview of product development
processes. Definitions of the concepts have been discussed already earlier, in the part of

our text addressing the development of the survey tool questionnaire.

Here we might also add that results from the use of the concepts in empirical interviews
captured quite well the critical issues related with product development process
performance. In order to argue that the operationalisation of process performance here
has been careful, the following could be stated: the approach of this study has tapped into
a plurality of performance dimensions that are associated with dynamic needs for

strategic decision-making (Eisenhardt 1989b) in a tight paced environment like the
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product development process of a firm. The utilisation of the mentioned concepts has also
been based on an approach where information is collected via responses on individual
subjective performance measures that may be useful in examining relative performance

within an industry (Dess and Robinson 1984:271).

Secondly, Sekaran (1992:173) has argued that discriminant validity can be seen as an
element of construct validity, that testifies how well the results obtained from the use of
the measure fits the theories around which the test is designed. Also, DeVellis (1991: 46)
wrote: if is the extent to which a measure "behaves” the way that the construct it
prrports fo measure should behave with regard to established neasures of other
consfructs. This requirement for construct validity through discriminant validity requires
that we specify the nature of the relationships we want to test with our two selected
performance dimensions. Product development process performance is a construct that
we have tried to model here through two dimensions that can either converge towards
balance between them, or diverge to their own distinct directions. These concepts are

somehow overlapping.

Such a “bipolar mode” means here that the balance between technological
compelitiveness and product development performance was expected to behave like a
sort of contingency variable. In practice, this balance was constructed into the form of
response scale that could measure how individuals perceived technological
competitiveness or product development performance for a given statement, or did they
see the item more as a matter of emphasis on balance between those ends. This is a
simple trade-off model. Therefore, our mcasurement model of the product development

process performance does not imply issues associated with company performance.

Instead, we have becn looking for deeper insights and descriptions of the nature of
technological competitiveness and product development performance, at the level of
product deveclopment processes. Overall, it is argued that the model framework is a
potential approach for the development of new, theoretically sound contingency theory

framework for the study of product development process performance. The approach in
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this study on the balance between technological competitiveness and product
development performance in terms of different product development practices
discriminates individual and group responses. Therefore we can argue that this aspect of

construct validity has been covered.

Thirdly, the survey questionnaire contained 33 item statements derived from qualitative
research material. The face validity of these items was considered in a series of pre-test
interviews with the questionnaire. Still we need to find out that whether they can be seen
as relevant criteria for an empirical survey. Criferion-related validity is established \when
the measure differentiates individuals on a criterion it is expected to predict {(Sekaran
1992: 172). Moreover, we may argue that broad variance over the responses is a sign of
the match of the measurement model against the theories of individual behaviour within
the context of innovation related processes (Burns and Stalker 1961). Therefore we may

argue that the approach here can show evidence for criterion—related concurrent validity
(Sekaran 1992:172).

But we cannot show evidence for predictive validity with the data. That would become
more relevant in future studies with adjusted goals for the use of dependent variables, etc.
We can summarise here that the model framework used has been characterised here

through some validity considerations.

Interprelations of the results achieved by the use of the model arc dependent on the scores
for different items studied with this kind of response scale (Sekaran 1992). In this way,
our interpretation of the causality and relationships between different variables can be
also be addressed theoretically, by explicitly showing the nature of the role of

contingencies associated with particular variables (Ginsberg and Venkatraman 1985).

Moreover, we have restricted the analysis to selected case companies that to some extent
were known from earlier engagements in research interviews. It is also possible for us to
argue that construct validity can be shown by known-group validation. DeVellis (1991)

wrote: known-groups validation is another example of a procedure that can be classified
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either as construct or criterion-related validity, depending on the investigator's intent.
We have shown here in this study how we can find company spccific differences with the
approach used. We cannot predict these differences, not at least with the small amount of

data gathered.

7.1.2 Reliability

We have used response scales where it was possible to mark estimated confidence right
next to the score given on the basic response scale. These confidence estimates thus cover
our response scale from one end to another. There is variance in the given confidence
eslimates. Despite this, we can say that the response scale for technological
competitiveness versus product development performance received both high and low
levels of confidence with different variables. As intended, this response scale succeeded

in showing that different individuals might see different question items in a different way.

The reliability of a measure indicated the stability and consistency with which the

instrument is measuring the concept and helps 1o assess the goodness of a measure
{Sekaran 1992:173).

We have tried to achieve the objectives of reliability here with the systematic nature of
the research process. There are different parts to it that we have already covered in the
previous chapters. For instance, development of the questionnaire and its anchored
response scale has been discussed in detail in the description of the research process. Our
premise for reliability has been to develop a formal research process that can be
replicated. New studies can also bring additional experience for the evaluation of the
validity and gencralizability of the developed research framework (Hubbard, Vetter and
Little 1998). There are some shortcomings in the reliability of the study. We will discuss

them here in order to show that they also areas that we can work in future studies.
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A key issue on the reliability of the study is that we argue that we have shown evidence
where technological competitiveness and product development performance can be
studied in the context of product development processes. Thus this result is also a point
that we want to generalise in further studies. In this present study, the results may be seen
as a new middle-range theory or sort of substantial theory developed from grounded

empirical work.,

Shoricomings of the study can also be addressed. The study has not shown the stability
of the measures through test-retest reliability (Sekaran 1992). We expect that in the future
there are possibilities to perform annual or bi-annual test-retest with the survey tool used.
This kind of data is needed for the evaluation of the stability of the approach. Moreover,
we did not perform Cronbach’s alpha tests for the analysis of inter-item correlation. We
saw that the role of correlation or regression analysis was not so important at this stage of

the research. We need bigger data sets for the analysis of such associations.

Ontological questions are based on capabilities in product development performance
(Clark and Fujimoto 1991). Product development capabilitics may contribute to the
competitiveness of a firm through different mechanisms, especially by the proper
management of product development processes (MacCormack 1998, De-Weerd Nederhof
1998, Loch, Stein and Terwiesch 1996, Nishiguchi 1996, Cooper 1993, Clark and
Fujimoto 1991). The strategic context of the business has many implications for
competitiveness. A study by Hambrick and Lei (1985) illustrated that technical change is
only a subordinate variable besides many other important contingency variables in
business strategy research. With regard to the question of strategy, this study is more

about the implementation of strategies than strategic planning (Ansoff 1984).

Eisenhardt and Brown (1995) associated process performance in product development to
variables like usc of suppliers, team composition, and team organization of work, team
group process and senior management role. These variables are important for product
development performance (Clark and Fujimoto [991). These kinds of variables have also

been represented among the question items used in this research.
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Questions of competitiveness through product development processes are perhaps more
related to issues like organisational learning than to product development project specific
problems. This is a strategic ditemma. The literaturc suggests that effectiveness in either
processes or projects depends on different things. Project specific goals need to be
different from the goals of a process, in a sufficient way. For process performance, we

find it important to focus on process based performance results.

We have used here a specific definition of a product development process in order to
study product development empirically in a particular way. The definition used is as
fotlows: product development process is the sequence of steps that a firm employs to
conceive, design and commercialise a product (Ulrich and Eppinger 2000). What are the
implications of this specific definition for questions of product development process
performance? Notions of sequential conceptions of development process are quite
common. Also, this kind of sequence-based orientation might be argued to be in logical
relationship with the ways in which we have studied product development processes
through means ends based analysis. Information processing activities often occur in
sequences. We argue that this may be a natural result from the capacity centric thinking
in manufacturing and operations management. Production capacily is often built in
specific sequences. Product development processes are more fragmented in their nature,
but it is also possiblc to find very rigid and sequential descriptions of product
development processes. Perhaps this is also a question of semantics. Naturally product
development pracesses, or any processes scen in a very operational manner, seem to be
scquential and systematic. The difference lies in the ways we have chosen to approach the

performance of a product development process through an overall model framework.

We suggest here that the analysis and description of product development processes
through sequences of steps in development work are associated with requirements for
process innovations, often in a continuous state of flux between facets of more integrated

work environments (Cooper 1994, Nihtild 1996, Nihtild 1999). After all, we need
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innovations in both new product and process development (Wheelwright and Clark
1993).

Wc need also to be also careful in the attempt to properly address the product
development process of a firm, and development process performance from the project
specific information requirements. Therefore we need also to answer the question of what
it means in the context of a product development process to find a match or fit between
technologies and information processing requirements, not limited to project specific
issues. Product development processes are coupled with the realities of uncertainty and
equivocality, more often we can also say that these attributes characterise product

development orientation of individuals and groups.

Definition of the concepts

The survey method developed and uscd in this study may also have some limitations,
cspecially the definition of the key concepts used: technological competitiveness, product
development performance and product development process. The conceptual definitions
used in the study may have their strenghts and weaknesses. Only the definition of product
development process has been adopted directly from the earlier literature. This definition
and its use link this study to earlier literature on product development process where
similar types of definitions have been used. New definitions for other key concepts have
been developed and this is part of the rescarch effort. The exact definition of a concept
like product development performance is a good example. The definition used here has
been developed as a synthesis from the results of the expert interviews. Conceptual
definitions always have their limitations. In this present study the interpretation of the
results has been based on analysis of empirical responses from the survey. Quantitative
data has helped us to focus on in-depth analysis of the results. Then the role of product
development performance as one of the main concept of this study has been to provide a
basis for analysis of different product development practices. On the basis of the results

achieved, it can be summarised that the used concept definitions have been operational
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and sufficiently differentiable, which has enabled their use in the building of the

interpretation based analysis framework.

7.1.3 Reliability and validity aspects of the new questionnaire

This study has presented results that are based on the use of a new survey instrument.
Data collection procedures have been systematic and structured, which may support the
reliability of the technical conduction of the survey. The meaning of validity is also
important, as the concepts and purposes being measured with the questionnaire are
conceptual. We have performed a statistical check of the differences between the survey
instruments used here. This provides a way to assess the validity of the survey instrument
developed. The approach used has been based on the comparison of rank order
correlations between the response scales and related answers on the estimated confidence
levels to the questions. Each survey question included in the instrument has also been
complemented with this kind of respective estimation of the perceived confidence level
for each question. Spearman’s rank order correlation can be calculated from variables that
are based on the ordinal responsc scale (Cramer 1998, Vasama-Vartia 1971). Analysis of
the correlations between responses 1o questions and related confidence levels of these

answers provides a way to analyse the validity of the questions.

Examination of the differences between the traditional survey questions and the new type
of survey questions offers us a way to estimate the validity of the new survey instrument.

Two types of statistical runs have been performed to analyse these issues: firstly at the
level of the case companies and then also at the level of the whole sample of five
companies. Case companies 1 and 2 were selected for this test as in these cases the
number of respondents was biggest (8 and 13 people). In the light of these results it
would scem that the validity of the results provided with by new survey instruments is not
as good as that which can be achieved with the traditional Likert-type survey. There is
evidence, however, that the new instrument can also provide validity comparable with the
traditional approach. Detailed results of the analysis of rank order correlations with both

types of response scales are shown in Appendices 15 and 16.
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The conclusion that can be drawn is that the new survey imstrument and its related
response scale do not seem to provide as good validity as that which can be achicved with
the traditional response scale. However, there are examples where the new survey
instrument also reaches comparable levels of correlations. Specifically, for each variable
Appendices 15 and 16 show the values of Spearman rank correlation analysis where each
question has been analysed with bivariate correlations related with the substantial
questions. These pairwise corrclations provide estimates on the validity of the

measurement instrument.

The new instrument seems to provide results with weaker validity than the traditional
approach. This question level analysis of validity does not yet give answers to the validity
issues related with the categorisation approach carried out according to the ideas of Daft
and Lengel (1986). The conclusion here is that when the questions used in the building of
the framework may have some limitations or risks of varying levels of validity, this also
causes some doubts on the nature of the results of the categorisation process. In
conclusion, it can be summarised that the validity of the new instrument could be
improved by spccifying the questions concerning product development practices in
concrete ways. One additional point is also that the traditional survey instrument provided
results with mainly positive rank order correlations, while the new instrument provided
both positive and negative significant correlations. The double-ended response scale may
be a reason why these kinds of differences in the results have been observed. One
additional issuc is that the sample size may have an impact on the rank order correlations,
in both the new and traditional survey instruments. Hence it might be necessary to carry
out this kind of survey with larger sample sizes. The validity of the overall approach
might improve if larger samples are used instead of small groups. The implication seems
to be that the developed research approach on the organisational information
requirements of product development practices needs to be studied also at company level
with larger sample sizes of more than 30 respondents. This would then lead to a

conclusion where new company specific cases studied with improved survey instruments
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could be seen as an arca that may warrant further rescarch with the ideas and methods

developed in this study. Broader empirical perspectives may thus be needed.

7.2. Managerial implications

7.2.1 Overview of product development processes

Earlier literature has addressed how uncertainty and complexities can be analysed and
solved in terms of specific product development projects. Companies’ development
processes may also have deeper impacts on the organisation’s activities. In a way, when
previous literature on development activities in terms of projects has focused on
constraints and resources for a given project, we have developed a different type of
approach. With the model framework of this study we use product devclopment process
as a sort of resolution mechanism to reduce the uncertainties critical to a firm’s
development activitics. Sources of such uncertainty can be grouped into respectively
similar or different complex issues as perceived by the managers. Issues underlying a
team’s work in product development can be studied by analysing how such teams
perceive uncertainties and equivocality in their work environment regarding the used
work practices and pursued goals. Our approach to the analysis of product development
process performance addresses how the management teams enact their goals and projects
within the environment provided for them by the company and its organisation. More
practical concretisation of this is could also be given. For instance, there can be situations
where some goals need to be balanced against the requirements of effective enactment
and deployment. A key issue is then to ensure that product development practices can be

used in development processes in ways that would achieve effective enactment of goals.

Product development problems should be relatively reduced and refined. When managing
a product development process from a firm perspective we need therefore to be able to
resolve many types of problems and issues. One related issue is that often it is senior
management parlicipation in the product development that can enhance strategic links

between projects and companies strategies (Englund and Graham 1999, Bart 1999). Li
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and Calantone (1998) argue that top management’s competence in market knowledge
may be their core competence areas regarding new product development. In this way
preduct development processes also mix experience and competencies together. Besides
projects, processes are also used for the improvement of focus on key goals of the
product development management. Focus is also required for progress in product
development work. A practical side of focus is that it is built from diversity. Horwitch
and Thietart (1987) studied how business management challenges vary according to the
different levels of R&D intensity in various business units. They wrote: “again, we
repeat: technological diversity is at least as demanding for the seiting of strategy as
business diversity (Florwitch and Thietart 1987:193). Product development processcs are
very sensitive to different competencies (Winterscheid 1994). Product development

competencies may be related to different products and processes.

Perhaps the point is that we need to build different kinds of learning models for different
purposes like, technology integration (lansiti 1995a), systemic development processes
(Verganti 1997), modularity of information structures (Galvin 1999) or cultural and
social learning (Boisot 1993). At least we can say that performance measures need to be
developed for different kinds of objectives in product development (lansiti 1998).
Product development processes integrate all these previous aspects and also other issues
into the development activities. Product development processes are created and used for

the needs of company specific product development activities.

We may sometimes make a mistake and assume that something like the product
development process is the same thing for all companies. However, the reality is that
there are big differences in the spending on R&D and product development between
companies. Even the basic positioning of product development in companies may vary
according to their strategies. What we may perhaps say is that companies increase or
decrease their efforts in product development processes according to how their business
is going. If we assume a growing company, their concerns about the product development

process are likely to be different from a company facing sales decline. Product
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development processes are also subject to the constraints and possibilities of resources of

a company (Wernerfelt 1984, Lindman 1997, Verona 1999).

Fichman and Kemerer (1997) studied process improvements in the context of software
development. We may utilise their findings in the descriptions of the differences between
product development processes. Thus product development processes may differ to the
extent that they have: a) different scales of activities over which learning impacts can be
spread, b) different amounts of existing knowledge related to the focal area of innovation;
and c) differences in the diversity of technical knowledge and activitics. These reasons
may also be associated with the various aspects of improvement and analysis of the

preduct development process performance.

Miller (1995) argued that we should aim to build broader mission assignments for
research and development departments. It might also be an important goal in the analysis
of product development process performance. It has a lot to do with the strategic intent of
a company or a corporation (Prahalad and Hamel 1994). Some people may be more
driven by this kind of competitive mindset and some others may look for motivation from
their professional growth. This was actually one of the first problems observed from
project management. Wilemon and Cicero (1970) suggested that engineering
professionals were looking for a dual ladder in their career paths. Starting to work with
projects might have meant that engineers would have to give up their functional
discipline areas like electronics or software design. Today we can argue that the situation
is even more complicated. At least this may be true in product development where the
diversity of people’s background and education may have become broader. Ancona and
Caldwell (1992} propose that product development teams need to be rewarded based
upon their own work, and not on a functional basis. Overall, it is important that product
devclopment organisations can use different kind of temporary groups in their product

development processes (Ellis 1979, Cusumano and Selby 1997).
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7.2.2 Management implications of this study

This study may help managers of product development activities to find some new
perspectives in the analysis and utilisation of product development practices. Managerial

problems addressed with the results of this study could be characterised in the following

ways:
—What could we do in order to try to improve the technological competitiveness
of our firm?
—What could be done in order to improve the product development performance
of our firm?

—How could we belter manage the balance between technology development and
product development?

—What kind of product development practices might be betler known and

understood by our organisation, and on the other hand what kind of practices can
be more complex?

-How could we analyse the relationships between different kinds of product
development practices?

We can also ask what ts the significance of the results of this study? An answer to this
question needs to be developed from the beginning of the premises behind the study. New
interests in product development processes are moving towards goals like strategic
flexibility and operational effectiveness (De-Weerd Nederhof 1998). These ideas may
help companies to be betler prepared for the anticipation of changes in product
development processes. As Verganti (1999) argued, flexibility could be planned in order
to enhance the responsiveness of the product development projects. There are many
things that we plan in product development processes. After all, a major share of product
development work is concerned with derivative products (Wheelwright and Clark 1993).

Bigger risks are olten involved in rescarch and development work (Jolly 1998).

This present study is an attempt to develop new analysis methods for the review of
product development process performance. Based on the original idea of Daft and Lengel
(1986) on organisational information requirements, we have developed an approach for
the analysis of product development process performance. The way we have conceived

this research task is built on a {inding from earlier literature in that process performance
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in product development is addressable with means-ends type of models. The model and
survey data analysis tool used here is based on the principles of Daft and Lengel (1986}
in the categorisation of technology into varying approaches for probiems ranging from

routine technologies 1o non-routine technologies.

Different issues impact on the use of product development practices. Earlier studies on
product development process performance often address issues like the question of cycle
time and lead-time of development activities. The conclusion from many earlier studies is
tthat time factors need to be managed strategically in the context of product development
processes (sec also Ittner and Larcker 1997). Managers need to be capable of making
appropriate trade-offs between development speed, product cost, product performance
and development program expenses (Smith and Reinertsen 1995, Ali, Krapfel and
LaBahn 1995:67). Time-based issues drive many aspects of product development process
performance. But timing and speed of development are not necessarily resolved

effectively unless the uncertainties can be understood in a deeper manner.

Different issues can be comparable in their uncertainty and complexity, and hence also in
terms of the organisational information requirements. A given product development
practice can be analysed by how its role is perceived by the practitioners. For example,
implementation of technologies can vary between routine and non-routine technologies.
A key managerial issue from our results is that for a specific team or group of people, an
analysis for some important product development practices can be made in order to gain
some additional information on how that particular product development practice could
be effectively approached in terms of process performance. In other words, our results
can be useful in the analysis of issues prevailing in the implementation of development
practices. In our approach a new kind of way to reduce and decompose these kinds of
uncertainties in product development process has been developed. Inherent uncertainty
and equivocality can be analytically resolved with some modelling frameworks like the
organisational information requirement by Daft and Lengel (1986). We have used such a
generic modelling framework in the conception of the critical goals of product

development for a firm. The need to be technologically competitive and effective in
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product development is also a way to understand how the competitive premises of
development work impact on the product development groups. Ideally, firms should ry
to maximise their uses of various capabilities in the task areas being pursued. Through
our model, the capabilities cannot actvally be measured, but the underlying product
development orientation reflecting interpretation and perception of development goals
can be analysed. And then the relaled source of variation in the groups and members’
perceptions concerning specific product development practices can be categorised
according to the ideas of Daft and Lengel (1986). This gives us different ways to study
how the competitive premises present in development processes can impact development

work. In summary, an analysis method has been developed.

Companies developing products need to be aware of both internal and external situations
around a {irm and its business environment. Companies are naturally interested in their
competitiveness and sustainability of their critical assets. Managers compare both internal
and external elements of their firm’s performance. New aspects of competitiveness
cannot always be perceived beforehand, even in product development. In product
development companies are looking to the future and it is necessary to be able to manage
development activities. Some kind of rules and heuristics might be used in this kind of

management tasks.

The model framework developed in the present research illusirates an analytic gap of
performance-competitiveness, and how product development practices might be used to
reduce sufficiently uncertainty in the product development process. This kind of
framework does not explain how product development activities in the first place are
carried out, or how a firm decides on product strategy and development goals. The model
characterises the product development process performance targeted when development
work has been commenced and launched. It is supposed to be an analytic framework to
be used in the analysis of various types of product development practices. Companies for
product development activities can use different practices. When a management team is
reviewing the practices of a development organisation or working group it is possible to

gain some insights into the use of different product development practices. The
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management with the help of the model developed in this research can thercfore study

beliefs and assumptions behind an essential set of development practices.

The set of issues included in the model framework should not be seen as a constraint. The
methodological approach and analysis used can be applied in different ways. Different
problem areas can be formulated into a similar type of analysis procedure reflecting the
ideas and possibilities offered by the literature on organisational information
requirements (Daft and Lengel 1986). Additional tools could be also used to add
complementary perspectives to the analysis or product development processes or other
type of business activities. it is in the way any tool is used that has a significant impact on

the value of the results and conclusions to be made with it, and in spite of the results

shown sometimes, too.

In summary, the ideas and methods discussed in this research may offer some
perspectives for the analysis and utilisation of product development practices. These
practices may be utilised in the context of the product development process of a firm. The
ideas considered here are not necessarily tied to specific types of development projects or
process models. Product development process has been seen as an organisational
information analysis and processing activity, where the sequential nature of development
activities has been underlined (Ulrich and Eppinger 2000). From a management
perspective the key questtons could be framed in the following way. What could we do in
order 1o improve the technological competitiveness of our firm and its products? This is
an important management goal for the product development process of a firm.
Correspondingly, the ideas of this research can offer ways to find out what kind of
product development practices can be inherently such that they might help management
to implement their goals to improve technological competitiveness. Some specific
product development practices or also management approaches may work better in this
task than some others. Also, if the firm has this kind of goal where they need to be able 10
improve their technological competitiveness, they may need information on the enabling
and constraining factors having impact on the implementation of the different product

development practices, In this way, the ideas of routine, engineering, craft and non-
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routine practices can help firms to find out the differences between the implementation
challenges of different practices. For example, a firm can evaluate whether its current
product development practices can be seen as routines or not. These questions might need
to be probed at the levels of product development organisations and management teams.
When this kind of analysis can be carried out as has been described in this research it can
be that the differentiation of product development practices in lerms of their

organisational requirements turns out to be an important tool that can help management.

Given the example of a situation where a firm might need to improve its technological
competitiveness, the use of different product development practices may require that
correspondingly organising approaches should be used. For this kind of situations the
descriptive information available [rom this kind of analysis could be helpful. In this way,
the ideas of Daft and Lengel (1986) can be used for the analysis of the organising and

management of different product development practices.

It has to be also argued that the ideas and examples that can be derived from this kind of
analysis do not offcr a map towards best practices. The managerial value of the
information from this kind of analysis is in the analysis of the situation and management
challenges. A key question is whether management cventually accepts or supports the
ideas and findings from these kinds of results. If management supports the results of this
kind of analysis they still nced to make careful decisions about whether some product
devclopment practices are really being implemented. In terms of the constructive
research, it can be said that only the management decisions to use the information and
ideas derived [rom this kind of analysis represent an empirical verification of the ideas
and proposals described in this research (Kasanen, Lukka and Siitonen (1991). These
kinds of issues are outside the scope of the present study. However, these questions and
others may be pursued in future research undertakings. [deally, future studies can be
conducted in different companies and organisations where challenges of technological
competitiveness and product development performance need to be addressed and

managed in their product development processes.
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7.3 Resecarch implications

[t would be interesting to study more deeply whether the perceived role of product
development practices are related with differences in product development project level
performances. A working hypothesis for further studies could be developed where the
practices of varying uncertainly and equivocality could be studied in terms of their impact
on development performance measures. For instance, do the product development
practices classified into routine or non-routine tcchnologies differ in terms of the
practices association with development performance? More precisely, can we identify
means-cnds relationships between different categories of product development practices
and their impacts on product development performance? These kinds of results could
show the linkages between product devclopment process performance and product
development performance. Means-ends relationships between product development
practices could be thus compared with performance data available from product
development projects. Also, similar analysis could be performed with the various aspects
of new product performance, new product success and failure, technical success in
projects and the areas of product development process performance. The classification
model we have developed here can offer a way to model product development process
performance, in terms of the product development orientation. But the implications from
this need to be addressed in deeper studies where new data and analysis can be carried
out. Additionally, the role of the product development practices can also be studied in
terms of thc interdependencies between product development practices (correlation
analysis). It could be studied whether the associations between different product
development practices arc rcally such that they would impact on development
performance, or whether it is so that the relationship between product development
practices is somehow a spurious relationship emerging from the data analysis and
methods. This kind of comparative analysis of the product development practices through
categorisations and statistical associations could be used in comparative research on the
theme of product development performance, new product performance, and so on. For
example, one idea for further studies is that the interactions between information

requirements for different product development practices can be studied.
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Considering the results of our study, some key variables were quite consistently related
with technological competitiveness, and some others also with product development
performance. This can be said to represent examples where some specific product
development practices can inherently embody a sort of development orientation when
such practices are being used in industrial companies. These kinds of results give us some
ideas about what kind of things necd to be enacted when a management team wants to
emphasise improvements in the technological competitiveness of a firm, as an example.
An additional perspective for future analysis is also to study that whether there would be
new types of synergy or negative effects between different product development
practices, which might be analysed through deeper questions concerning the
relationsships between different practices (correlation analysis). Empirically we can see
this project as a study of the product development processes in the Finnish electronics
industry, within the industrial electronics sector. It could be possible to carry out a

broader survey among companies in the Finnish and international electronics industry.

New research ideas

1) Multi-variale analysis of the survey results. One idea for further studies might also be
to analyse the associations between information requirements between different product
development practices. This could be done by a correlation analysis where basic
measures of association and significance can be used in the analysis of relationships
between different question items. Such a correlation analysis is also best performed with
company level data where different management teams working in a specific
development environment can be used as an empirical frame of respondent base. This
kind of analysis of data from team surveys may also produce some data on the team level

group processes in the context of management of a product development process.

ii) A questionnaire survey might be constructed in such a way that it would be possible to
analyse the success and failure of new product performance against the model framework
and question variables. It would be especially interesting to see whether this kind of use

of balanced and double-anchored response scale could produce results that are consistent



196 ACTA WASAENSIA

with the previous findings that product development processes shouid be balanced and

focused (Cooper 1985a, Cooper 1993, Cusumano and Nobeoka 1996).

iii} Basically the classification procedure enabled by this method developed in this
research needs to be compared with other similarly oriented approaches to analyse
product development practices. One practical idea might be to perform a comparative
analysis between thc method developed here and a process evaluation tool like a
capability and maturity model for sofiware processes. Firstly, aspects like maturity and
advances in development capability in software processes can be reviewed with the
results of the standardised CMM model. Similar practices originating from the
CMMY/SPICE model framework could be implemented with the approach that has been
developed here. Then a comparative review could be performed by using case studies or
quantitalive surveys within organisations having carried out the CMM evaluation for
many years. Interestingly this kind of study could be also put into a research design
where both CMM practitioners and non-practitioners could be included in an overall
sample. This kind of broad range analysis might bring new information on the
characteristics of sofiware development processes, and organisational information
requirements typical of the used practices in such organisations. In more general ways,
this kind of study could extend the applicability and rigor of the conclusions that can be
made from the analysis we have developed here, in terms of process improvements. Then
it might be interesting to argue that future research activities may benefit by covering
both product development practices and process improvements in a manner where the
means-ends results for continuous improvement might be collectible. And finally, in the
spirit advocated scholars like Lewis (2001), these kinds of research approaches are

eritically needed in the pursuit for more longitudinal studies of new product development

activitics.
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APPENDICES

Appendix 1. List of theme questions for the expert interviews

BACKGROUND INFORMATION

Name;

Profession:

Organization:

Experience in the field of technology and product development: (years)
Experience in the field of technology and product development related 10 electronics: {years)

Cxperience in the field of technology and product development related to industrial

eleclronics: (years)

Areas of relaled market knowledge {mark where approapriate):

Excellent Average Poor

Firland 7 6 5 4 3 2 1
Scandinavia 7 6 5 4 3 2 1
Europe 7 6 5 4 3 2 1
North-America 7 6 5 4 3 2 1
Asia 7 6 5 4 3 2 1
Global 7 6 5 4 3 2 |
Olher 7 ] 5 4 3 2 l
QUESTIONS

-What kind of elements weuld constitute a best practise level results from product development for the
whole [irm (general success factors)?

-What aboul the previous issues in electronics industry?

-How would you describe the same issues in the industrial cleetronics industry as compared to the more
general points mentioned above (examples of products) ?

-How would you define product development performance, in general and if necessary cusiomized in
industrial clectronics?

-Whar would you say is‘are the key drivers behind product development performance? [a) firm specific, b)
corporate scific, ¢) parinership specific, d) network specific, when necessary]

-How would you define technological competiliveness at firm level, in general and if necessary customized
in industrial clecironics? [a) firm specific, b) corporate scific, ¢) parinership specific, d) network specific,
when necessary]

-Whal would you say is/are the key drivers behind technological compelitiveness at firm level, and if
necessary in industrial electronics?
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-If you would have 10 compare or categorize major elements of preduct development perlermance how
would you do that, in general?

-What kind of interdependencies, differencies or similarities do you see belween product development
performance and technological competitiveness?

-In case (here is a firm which has excellent product development performance, what would you say are
trademarks of such a firms customers opinions of that firm or its products?

-Another case, if there is a firm which has excellent technological compelitiveness, what would you say are
trademarks of such a [irms customers opinions of that firm or its products?

-How would you describe the role of product development performance and technological competitivencss
in the compelitiveness of fast growing linms?

-low would you describe the role of product development performance and 1echnological competitiveness
in the competitiveness of firms operating in malure markels?

-How would you describe the role of product development performance and technological competiliveness
in the compelitiveness firms in exporis?

-How woeuld describe the role of business transaction complexity (high,medium-high,medium-low,law) on
ihe impacl of product development performance or lechnological compelitiveness in the compelilivencss of
the firms?

-How would describe the role of technological complexity (system delivery, equipment manulacturing,
component supplier) on the impact of product development performance or technological compelitiveness
in the competitiveness of the [irms?

Thank you for your co-operation!
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Appendix 2. Interview questions for managers in the case companies

ol e

WMo

10.
I

12

13.
14.

15,

16.
17.

How would you describe the current stage of your firm in business?

Is there something special that has lead to this sitvation?

Where would you say that what you {or the place in organization that you represent) have either done
or will most likely do does have an effeel on the future success of the firm?

What kind of success or contribution did you think in the previous qucstion?

[ow would you sce the issue of technological competitiveness in general?

How does your firm rate in technological competitivencss?

Best drivers of TC, you would see as most imporant factors?

How does it pay off 10 build strategies for continued technological compelitiveness?

Regarding the organizalion in your disposal, which or what factors would you name as the key
mechanisms or resources for sustained high performance towards lechnological competitiveness?
Who is the main person or group responsible for technological competitiveness?

How would you see the issue of product development performance in general?

How does your firm rate in product development performance?

Best drivers of PDP Lhal you would see as most important factors?

How docs it pay off 1o build strategies for continued product developmenl performance?
Regarding the organizalion in your disposal, which or what factors would you name as the key
mechanisms or resources for sustained high performance towards product development performance?
Who is the main perscn or group responsible for product development performance?

What kind of advantages or disadvantages would you see in pursuing for synergies between
technological competitiveness and product development performance?

. How and where does your organizalion best manage Lhe balance between product development

performance and technological competitiveness?

. Is there something that you would like to develop or change in your organization because of issues

related Lo ils performance on lechrological compelitiveness or product development performance?

0. How do you believe that your organization is actually manageable towards Lhese king of objectives?
. Considering the projecl xx, introduced by the inlerviewer, how would you rank it currently based on its

impact to compelilive posilion in business in general?

Considering the project xx, introduced by the interviewer, how would you rank it currently based on ils
impacl 10 lechnological compeliliveness targeted by your organization?

Considering Lhe project xx, intraduced by the interviewer, how would you rank it currently based on its
impact Lo product development performance largeted by your organization?

24. How would you describe the relative position of that project has developed during the course of its

conduction from the ¢arly stage lo this momem?

. On whal terms, would you describe (he representativeness of thal particular area of producl

developmenl activities in your organization?

. On what terms, would you describe the particular area of product development in your organization as

missrepresentative?

Thank you for your co-operation!
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Appendix 3. Obscrvations from theme inlerviews, qualitative interview transcriptions

FOLLOWING CITATIONS WERE SELECTED AND INCLUDED HERE FRCM THE RESEARCH
MATERIAL WE ANALYSED IN THE COURSE OF THE RESEARCH, JUSTIFICATION OF EACH
CITATION TO BE INCLUDED HERE AS THE BASE MATERIAL FOR THE DEVELOPMENT OF
THE QUESTION ITEMS WAS BASED ON AN ANALYSIS OF FOLLOWING QUESTION:

Question: “What kind of interdependencies, differences or similarities do yousee between product
development performance and technofogical competitiveness? ™

Below here onwards we will report some selecled findings associated to the study of (his question. *=> "
arrow marks our interpretation from the excerpt of text presenled above the questions. Each one of the 33
question statements included in the final questionnaire is included and reporied here, Origin of the material
is also clarified.

}. “A product is an embodiment of technology. Technology is perceived via products. Technologies come
first. Products are embodiments of technology. When you develop a product you have hundreds of
technology componenls that might do the job. It is really a quile challenge to be able to do that. The ondy
way to de that sensibly is that you have guidance from your management. So you know what business you
arc inlo, whal 10 say yes 1o and what to say no to. And understand what your targel market needs and want.
And those two things will help you 1o select which producls you are going to de and what enabling
technologies are going 1o be useful in delivering the functionalitics of those products. {Telephone interview
with Mildred A. Haslbacka, Arthur D. Little, USA, April/1998)”

- Top management of our company is Lypically prioritising issues which are important for

2. "In industries where product technology is critical to competitive success, then product development
performance is also going to be critical. In that sense they would be very closely related. There may,
however, be industries where you do not need 1o have a strong technological competitiveness but you still
need pood product development performance. For example, if you are in the furniture industry; you miglit
still need excellent product development performance but you might net not need what we would normally
consider technological compelitiveness. [ would say they are very closely related in indusiries where
technological superiority is impartant to produci developnient success. (Telephone interviews with Karl T.
Ulrich, Wharton School, Universily of Pennysylvania, USA, March/1 998)”

->The business that we are in requires that we can compete with...

3, “We have a global market network. Qur customers come from over hundred different countries. We
export daily to tenths of countries. This delivery channel is very important for us. And il is also a quite
economical delivery chain, because ils cosls are quite reasonable for the pricing of our products. (An
interview with CEQ from Case 1, Gctober/1998, Finland).”

~Our company’s own sales and distribution network is important for ...

4, "This is a question of how you are progressing in your producl development. Slepwise, phased work.
And on the other hand it is also about sirategic management. Has the company identified its technology
nceds? Does this increase the efficiency of product development? A company should know in whal
technologies it should use partnerships, whal to buy, when to co-operale with universities etc. Some big
companies and a parl of the medium sized companies knew how to build technological pertfolies. If
preduct development performance is good then the performance of main technologies is good. (An
interview wilh Mr, Kari Rintala, Finnish Technology Development Centre Office, Seindjoki, Finland)”

- Use of selected key technologics in product development is important for...
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3. “Basically, if you look product development and product development performance. And you would like
Lo increase (his factor, then you better net to do anything. Never fall for any new technologies; that is one
point of view. Or apply all of the technologics all the time. Because then performance is sluck, due 10
invesiments. But this is also shori-term thinking. If you think on medivwm or long terms issues, you have to
switch to new technologies, in order to be compeiitive, just a very simple problen:. You could still develop
the aged product development today, it may make sense on very long term. Today there are much mere
powerful processors available with which you can have even betier performance. But you need to, befere
you could do all things on hex code, bul loday even C language might net do it, but you need still higher-
level languages. IT you need to just have both, then company needs 10 be a risk taker, in order 1o analyse
whal should we do in order to be competitive in the nexl version. In USA there is a thing, there is, “driven
mind”, a technology push or lechnology pull. If you introduce new technologies too early, then you have
hard Lime Lo gel markel convinced to buy from you. Because they don’t believe that this is a good product.
They are not ready 1o accept the product. (An interview with Prof. Dr. Wollhard Lawrenz, Fachhechschule
Wolfenbiittel, April 1998, Vaasa, Finland)"

=> Situations where we can use new technologies for existing or traditional kind of products are important
for ...

6. “I think you have 1o focus for crilical mass issucs, if you arc doing something imperant.
Technology, important product, or anything, you have 1o solve the problem of critical mass, There
arc so many lechnologies in our field of business. You have to classify those inlo key
technologies, support technologics, and what is something yeu can buy totally from suppliers.
This classification process is beneficial, because if you de it carefully it helps in focusing, {An
interview with the CEO of Case 2, April 1999, Finland)”

- Achieving ‘“critical mass effect” is important for...

7. "On answer 10 the question thal what product development is, it is an embodiment of technological
competitiveness. So, the way that organizations compete, is that they compete with technology in lwo
ways: one is in producl development, and one is in process development. The Japanese have been very
succesfull in embedding technology into products. And they have been even more succesfull in embedding
technology and processes. So, when you lock at Toyota and compare it with a Saab or BMW: il is inferior
product in terms of the design but it is made in a superior way. What gives Toyota and lJapanese
advanlages is thal the product is nol superior but the process by which the producl is made makes il more
valuable. Toyola can make cars in half of the hours than the Mercedes, Saab or Velvo. They take half as
many more hours Lo make a comparable car. So, in lerms between product development and 1echnological
compelitiveness; product is the embodiment of technological compeliliveness, but the technelogical
compctitiveness is nol just only the product but it is also the process. (An interview with Professor William
B. Werther Ir. Universily of Miami, USA, April 1998) ™

->Taking care of both product development and process development (manufacturing, assembly, delivery,
distribution etc.) is imperiant for ...

8. “For product development performance, 1 think there are lot of different measures you can use and
follow. But performance, if you think it aboul like an operaticnal issue; we have plans and we follow how
well we can meet those plans. Specially time is important, success in timing is critical. Costs are more
flexible, we can allow some additional expenses, as well as cheaper solutions. Because we can never know
what to expecl when we are developing new products. [f we would develep just very similar products, we
could easily eslimate the required costs. {An interview with the CEO of the Case |, Oclober/1998,
Finland)"

—>Priorilisation of time based results over cost issues is imporiant for ...
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9, “You have Lo verify the componentls of the product before making the product design decision. This
verification requircs somelimes very expensive protolyping. You need to create a functional test
eanvironment for the product. The geal is to make sure that we try to eliminate the surprises and
potential problems. (An interview with a managing director and one producl development manager
from a Case 3, April 1999, Finland), ™

=>Prolotyping and Lesting principles in our organization are based on ...

10. “Generally you might probably say that if you have a good technological competitiveness, then you
have also very good possibilities to improve product devclopment performance. Because performance is
improved, besides with the process compelence, with these new technological Lools like virtual
protolyping. Both process competences and advanced Lools require high level of know-how. If you don’t
have high level know-how, then you are probably having troubles in both arcas, on process improvement
and development tools. Improvement of product development performance is just pretty much aboul these
high level know-how questions. New opportunilies can nol be adopted nor used if the company does not
have the know-how required, or if the company is not trying to increase its know-how. So there is a
correlation. Sometimes you might be in such a lucky position that inefficient product development leads 10
a high technology progduct. Competitive situation can be easy, you don't have to be in a hurry. Then
product development may work inefficiently but still the oulcome is good. But this may be quite rare these
days. (An interview with Mr. Pekka Malinen, FIMET, Helsinki, May /1998)."

= Continuous increase in know-how for advanced lechnologies and computerized tools for product
development methodologies is imporiant for ...

11. “We have continuously many field tests underway. Co-aperation with our customers and demanding
lead users is crilical for that. In those cases we may deliver very new technology for customers, but they
know that there may be some prablems to that. It can be a good learning experience for both parties. What
you asked about, yes we actually know very precisely who are the core lead users of our products. We
almesl know them belter by lheir locations than the companies or corperations they are part of. (An
interview with the managing director from case 2, April/1999, Finland)”

> Pilot projects with selecled customers are important for ...

12, "If we accept a customer order where we see difficultics ahead, there will be a conflict. We may
foreeast that this project is not easy for us. At the parlicular time, we may not have the right people for the
projecl, we know that the customer is counting on us. And we know that if we allow cur competilor to lake
this project, we may well loose cur good relationships with the customer. They might not give us the next
project they are going to need. It is very difTicult thing to say no to an old customer. (An interview with
CEOQ from the Case 4, April/1999, Finland)”

-»Some long term customer relationships are imporiant for ...

13. “For us, lechnological competitiveness starts from the fact that we are an application oriented company.
We don’t develop so much any generic technologies. Our competence is more about being fast in choosing
the right technologies for customer needs. We do some small scale rescarch work in order le stay informed
on technological development in our field. Thal has been our way to approach this problemacy. It is our
competence that we can choose the right technologics. When you are doing (hat you nced contacls to this
business environment. But as I said, for our market area, for the applications we do, we have made good
choices in picking up the right technologies for our customer needs. (An interview with CEQ from the
Case 4, April/[999, Finland)”

->Making authorized technology choices on behalf of our customers is important for ...
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14. “The balance between technological compelitiveness and product development performance, il is
manageable, yes bul il involves changing the behaviour of individuals. That kind of changes are known Lo
be slow. We can start all kind of working groups and evaluation teams and gel some (hings written on
paper. But before somcone really changes histher belaviour, you have to repeat Lhe message for many
times. (An interview with CEQ from the Case 4, April/1999, Finland)”

—>This product development crganisation where we are working is often described like that we are oriented
towards. ..

15-16, “I think that technological compelitiveness and product development performance are a litile bil
similar. A good product is goed from bolth perspectives, producl development is efficient and
competiliveness is good. This is how it goes. You need to have both, and you nced Lo have right balance in
that. It is evident, that is sure. [f you have a damn good product development bul you are working with
poor technologies, it will not get you to anything. And the same as opposile. It is very easy for a company
lo forget the other one of Lhese. 1 could imagine a situalion where a young universily based company is
operating on the basis of technological compeliliveness. While another case, some company that is more
established, is counting on fast development capabilities. Neither of these previous examples are very
good. You need to be good boih at technological competitiveness and also in product development
performance. Organizations need people who take case of the technological competitiveness, and then they
bring it 1o the product development. But if you ook at a highly trimmed product development organization,
they don’t have so much time to look around, they don't have Llime to think loo long about which
lechnologies we could usc here. It is prelty imporiant, that you can refine and develop your new
technologies in your company into a level where they can be adopled, direclly into the effective product
development. Put it differently, it's like product development train on rails, you can throw in bils of new

lechnologies along the way. (An interview with Dr. Y1j& Neuvo, Nokia Mobile Phones, February/1999,
Helsinki, Finland)*

- Product development engincers in our company have a strong task orientation for ...

= Producl development engineers in our company are best motivated with goals for the improvement of ...

17. “We have different kind of projecls, some of directly for product develepment. A-projects are like here
and now, they are purely product devclopment. B-projects arc based on long term objcctives. C-projects
are mostly about preliminary research or technology studies. Thinking aboul those (A,B,C} different kinds
of projects, balance is a wrong word. Naturally a major share of our projects belong to A-type. C-projects
are low at volume or size, but they are important. You need to have enough of those in-the-process, whole
lime. In that way we are scanning thal whal is coming up in a nexl few years. We are conciously trying to
add the amount of C-projects we arc doing. {An intervies wilth the managing director from Case 2,
Aprnil/1999, Finland)”

—~Management of the whole R&D (research and development) project portfolio is important ..

18. “Product development performance, the [irst measures are of course money and time, can we meet the
schedule as planned, is the original schedule valid. Primary measures for company interesls are the sales
volume and market share the new products can bring. Do we reach the cash flow that was planned for the
specific project. (An interview with Mr. Pekka Malinen, FIMET, Helsinki, May /1998)”

- Building and use of performance measurement systems is important for ...

19. “For product devclopment performance, first you have these direct measures like development time,
prediclability of the devclopment lime, costs and time, product sales etc. There’s a measurement logic, first
time-lo-markel, then time-to-break even and [inally markert share. (An interview with managing director
from case 3, April 1999, Finland)”

~>Our company evaluates and measures its product development activities specially for the development of
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20. "We have centralised our product development, both organisationally and gcographically. Even more
organisalionally. This was done by combining previously scattered preduct development units under the
same umbrella. And we have also networked our product development, quite much actually. A
considerable share of product development money goes 1o our subcontractors. This gives actually a beter
conlroliability over the product development. IT you want some changes, then il is relatively easier to
bandle it with subcontraclors. When you do everything with your own resourccs it is not so flexible. (An
interview with the managing director from Case 2, April/1999, Finland).

=>Flexibility of the external subcontractors for producl development activilies are important for

21, *This brief summary suggcsls thal the supplier systems in Europe and Japan may help to explain the
degree of reliance on biack box parts in the Japanese and European projects in the sample, and may play a
role in explaining regional differences in development performance. Bul the issuc is complex, There are
important firm-to-firm differences in exercised project scope within regions, and the regional distributions
on the variables underlying scope (supplier involvement, off-the-shelf pars) overlap: some European firms
rely more heavily on suppliers for engineering work than some Japanese firms, and they too manage (hat
work through a collaboralive relationship. The question is how such variations in scope affecl engineering

hours and lead time, 1aking into account regional and produci content differences. (Clark 1989; 1252-
1253)”

- Project specific strategics for supplier involvement in product development are important for...

22. *Literally design chain integration extends supply chain integration upward tlowards product
development. Product development collaboration can alse be seen as a part of supply chain management
(Lamming 1993). Design chain integration is one clement of design chain management. Design chain
managenient is the management of participams, both internal and exiernal to a focal firn, that contribute
the capabilities (knowledge and expertise} necessary for the design and devefopment of a product which,
on completition, will enable full-scale manufacture to commence (Twigg 1997 in Twigg [998:509). Design
chain integration implics shared challenges in R&D and product development efforts, for inslance joint co-
specialisation between firms (Dyer 1996). But design chain integration is not a nickname for vertical
integration. Lamming (1993) describes challenges for vertical disintegratien. Design chain integration is
also not restricted Lo electronic data exchange arrangements, which though should already be a constituent
clement in subcontracting business. Here design chain integration is approached through sephisticated
collaboration between suppliers and customers. More proactive and pre-emplive approaches are
emphasised as target costing and supplicr centification used ofien for supply chain integration in
manufacturing. The crucial question for strategic supplicr involvement in preduct development is that what
sort of competilive impact lhe customer is evenlually lrying to achieve through co-operation.” (
Maunuksela 1999, Maunuksela and Keskinen 1998)"

—Company-wide cfforts for “design chain integration” in product development activities are important
for...

23. "We have centralized our product development, both crganizationally and geographically. Even more
organizationally, This was done by combining previously scattered product development units under the
same umbrella. And wc have also networked our product development, guitc much aclually. A
considerable share of product development money goes 1o our subcontractors. This gives actually a better
controllability over the product development. If you want some changes, then it is relatively easier lo
handle it with subcontractors. When you do everything with your own resources it is not so fexible. And
another thing is that we have taken product development up as a stralegic input target for us, And when its
relative priority has risen we arc also discussing more about it."* {(An inlerview wilh the managing dircctor
from Case 2, April/1999, Finland).”
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—>Wide discussions in our company on the relalive position and importance of product development are
imporant for ...

24. “We don't mix together research and product development activilies. We have been thinking this
question a lol. This means that the necessary sharing and transfer of information from research Lo product
development has Lo be fluid and seamless. And if you approach close cnough, near 1o product
development, you can adopt new lechnologies without too big risks. You should be able Lo cross that line
almost in an unnoticed way, it is important. We plan our product development for a lime frame that is less
than (wao years, 0-1Y: years is better. Research aclivities go in very different stages, depending on what
goals we are talking about. We have our own research programmes, corporale research, EU research
programmes, universitics all over the world. We are involved within a wide variely of different research
programmes. Qur rescarch aclivities have a very long time frame, the horizon that we are planning for. But
ten years in this field is a really long time. Five years is also very long lime. Even if we have these in-deplh
networks for the refining and development of new information and knowledge, we don’t do so much there
belween 5-10 years in the fulure. Technological development in our ficlds is so very fasl. (An interview
with Dr. Yrjd Neuvo, Nokia Mobile Phones, February/1999, Helsinki)*

-2 A broad range of technological capabilities is important for ...

25. “It is problemalic if you have to develop lechnology simultaneously wilth products. [ mean before
starting product development, before you have really tested and verified the functionality of the
technology. [l is betler to have technology development projects and then separately product development

projects. A product development project is a product project. (An interview with the product development
manager from Case 3, April/1999, Finland)”

—>Separation of technology developmen! projects and product development projects is important for...

26.“But I think that the time is the most important thing. That is the thing we are looking at the moment, do
we meel the planned schedules. Performance is aboul doing the planned (hings within the schedules as
agreced upon. And that is all the more important because we are collaborating with product development
leams working at different countries. 1f these teams are working in a different pace, this will be a big
preblem, everything becomes slow and there is no progress. Of course it is little easier if we are just
working here, by ourselves. Bul we don’l have encugh capacity Lo de it here. We have many product
development projects distributed among many units in different countries. And you have 1o integrate all of
these into a one big development effort. So it becomes really important to be able to maintain the planned
schedules. At leasl I see this issue as a very importam goal for the operational activities, 1t is really a
challenge for us at the moment. (An interview with the CEQ from Case 1, October/1998, Finland)

—>Inlegraled timing and scheduling for inlernationally distributed product development teams is imporiant
for ...

27. “So product development is no longer a challenge for a one company? No, we are internationalising
our productl develepment with a quite fast pace, There is a tremendous change there, 1 think (hat we have
not really yel understood that what this change is about. But it is now moving on, quite rapidly into the
direction like we have planned. And the impacl of the process is increasing, ico. (An interview with (he
CEO from Case 1, October/1998, Finland) «

-2 Real benelits from the internationalisation of product development work are important for ...



234 ACTA WASAENSIA

28.“Synergics between lechnological competitiveness and product development performance. I cannot
really say anything on thal, if you asked it right now. Technological compelitiveness, Lo me, il is always
costs and funclionalities. Then again, cfficient R&D performance usually means also lower costs. If you
are efficient, time is usually the factor, then you are usually working cost efficiently. Yes, it leads to that.
Good overall cost efficiency is important, and if you have a cost effective lechnology and we have cost

effective R&D; there we have at least one synergy. A difficult question. {An interview with the CEO from
Case 1, October/1998, Finland)"

= Synergies from common technical functionalities between products are important for

29”1 have been Lhinking this conversation mainly on the basis of individual products. Of course products
arc parts of larger sysiems, bul then you have 1o undersiand thal the whole system structure is about
technology. How do you build the final product varianl or a variant of systems to a customer? If you don’t
succeed in that, it will be a mess and there is going to be lot of inefficiency, involved. If you think it like
that, it is really important to be able to build system concepls and modular structures for that. (An interview
with the CEO from Case |, Oclober/1998, Finland)"

—~Qur concepis for producls and technologies are important for ...

30."We are aclually combining different lechnologies. Doing that gives us the next level of technelogices. It
is the process how you build this modularity [rom low-end towards the high-end needs. This gives us a big
number of differenl products. We see here aclually our core competence as a specific sirategy thinking.
Where should you focus? What are the balls that you are going to keep in this game, These are most
imporiant, for the competilion, and also for the long time performance. Other areas can also be covered

through different networks, partners and elc. (An interview with the CEQ from Case 1, October/1998,
Finland)"

- Development of producl and technology platforms first from low-end lowards high-end price segments
is imporiant for ...

31. “You think about concurrent engineering, for instance. It is nol the technology that troubles me. We
have major challenges in bringing up the new team ocrganizations for product development. Properly
applied team organization lakes time and pain. My concern is that how can we really reach the benefits of
cross-funclional produci development, all the way through the product development process. And how you
build teams in such a way that you can accomplish this. You need to see how product development can
lake all support and information it needs from the rest of the organization. There is this total picture you
have 1o see before you make any sericus moves lowards team organizalion. And when you do thal, you
may find thal the lechnology is not the worsl obstacle. I mean to have real tcam based concurrent
enginecring capabilitics [or product development, you have e develop your product developrent process
through some kind of systematics. (An excerpl from (he discussion from Lhe discussion in a pre-test
meeling of a questionnaire draft with a product development consultant, June/ 1999, Finland)”

- Cross-functional product development teams are important for ...

Question: What kind af elements woudd constitute besi practice level results from procuct development for
the whole firm (general success facrors)?And how wonld you describe the same issues in the industrial
electronics industry as compared 1o the move general points mentioned above(examples of products) ?

32. “I think we can apply whal we said before on indusirial electronics. QOne thing which is, more or less
based prominent on what we are doing, cspecially, tools and instruments for networking. I think
networking has become very much important for industrial electronics in the last five or four years.



ACTA WASAENSIA 235

Because, using networks means we can shorten the length to acwal sensors and actuators. And using
network systems with decreasing price elements, like micro-controllers we can have remote intelligence,
floor level sensors and aclualors. And this of course means, that these intelligent, pre-processing devices
nced to be networked. And the question is very often, which is the best network for industrial purposes.
And this is a very simply to answer, because there are about 257,5 different networks competing. Very
often this dccision on the best one, is driven by "net invented here”. I am never proud of another person’s
pro-duct, politics, money. For inslance, Siemens is pushing Profibus, because they are men of Profibus, If
you have a customer who applies Siemens products then for you the answer that which is the hest nelwork
is very simple; Profibus. From the cost point of view, and the performance peint of view, other
considerations sometimes have lo be taken into account. This leads the interesting thing in this area
because, the ficld bus is like a sea, Somelimes a different wawe coming up, so Profibus coming up, and
maybe others going down, or CAN is coming up, and others are failing down. [l is politics, money, NIH,
protecting market leadership,protecting own company philo-sephies which are driving this technical pan.
Very interweawed. Very dilficult maybe to model. If you plan to cstablish a simulation, (o hypothesise

what will happen.” (An inlerview with Prof. Dr. Wolfhard Lawrenz, Fachhochschule Wolfenbiitel, April
1998, Vaasa, Finland)

MB: “In industrial electronics, we see Lhat they are thinking about new standards, new developments, but
they have a stratepy and strategy of history, they can not throw away all what they have. When they look
for open systems, and wait and (urn to, new-coming systems if it is good or nol, they wait,

(An interview wilh Manfred Brustat 4/1998, Vaasa, Finland)

“Technologies come and go. [BiCMOS, RF CMOS, SiGe, GaAs HBT, GaAs HEMT, InP, LTCC, HTCC,
SAW, BAW, SMD, CSP, Flip Chip ...]. Each has a role, but only few make a discontinuity. We sheuld
develop some lechnelegics on parallel 10 make the breakthrough. The Successes depends on how well
these integrate into other technologies: 1Cs, packaging, substrates, mechanics, display...etc, Discontinuities

mean opportunities.” (Excerpis from a presentation of Erkki Kuisma 16.11.1998, Research Manager on
Nokia Mobile Phones).

- Syncrgics from technological disconlinuilies are important for...

33. " Product development performance is very important for us, il goes even beyond (echnological
compelitiveness. Product developmenl performance is part of the customer process, which gives us direet
income financing. The more we can make projects with the same group of people, the more we can also
increase our production. We gain cash flow. Qur sirategy has so far been based on the principle that we sell
out a preduct development project for a relatively low price and then we can get ils costs back from the
produclion, We measure performance by accuracy of delivery schedules. Small group of people and fast
throughput in the processes.” {An interview with the CEO [rom the Case 4 April/1999, Finland)

- Customer specific product development projects are important for ...
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Appendix 4. List of academic scholars and experts on product development and

technology management

1. Risto Hienonen, Senior Research Scientist, VIT Automation/Pro Techno
(February 1998)

2. Kari Rintala, Scnior consultant, Finnish Technology Development Centre,
TEKES (April 1998)

3. Karl T. Ulrich, Professor, University of Pennysylvania, Wharton School of
Business (April [998)

4. Pekka Malinen, Project Manager, Federation of Finnish Metal, Engineering
and Electrotechnical Industries, (FIMET), (March 1998)

5. William B. Werther Jr., Professor, University of Miami, USA (April 1998)

6. Manfred G. Brustat, CEQ, Digalog Gmbh, (April 1998)

7.Wolfhard E. Lawrenz, Prof. Dr.-Ing, Fachhochschule Wolfenbuettel (April
1998)

8. Donald Gerwin, Professor, University of Carleton, Canada, (May 1998)

9. Roberto Verganti, Professor, Politecnico di Milano, Italy, (June 1998)

10. Mildred A. Hastbacka, Senior Consultant, Arthur D. Little, USA, (Junc
1998)

Ll. Yrjo Neuvo, Technology Manager, Nokia Mobile Phones Inc. (Fcbruary
[999)
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Appendix 5. Quantitative survey questionnaire

BACKGROUND INFORMATION

Position: Experience in this current
lask:__ (ycars)

Education: Years in the same
company: {ycars)

1. How long have you worked within this environment and been involved within its new product
developmenl process? (years)

2. How do you think that 1he use of a formal new product development process has improved the
performance on the following measures? Please respond to these questions by marking a circle around the
altcrnatives.

1. Improved product success rate and higher customer satisfaction

Strongly disapree Swangly agree My mumal:on on the coalidence that l
caulld gre a reliable answer on this question
001 13 45 6 7 8 910 {010

2. Product developed at 1arget {meets lime, quality and cost objectives)

Strergly duagres Stongly agres My esumanon on ke confidense that |
could give a relaable answer on this quastion
9 1 2 Y 4 5 6 7 5 9 J0 {0-10)

3. Faster-to-market

Steonply disagtee Svongly agree My estimatian on the canfidence thatl
cou'ld grve a reliable answer an this question
a1 21 4 % & 7 5 9 10 (010 __

4. Improved profit performance (sales and margins)

Stoaply dispres Stonply apree Ay esitmatien on the conlxdance that |
cauld give a reliable answer on Lthis questian
a1 21 35 5 6 7T 5 910 10} o

5. A learning toel: educate our pcople

Suengly disagree Swrongly agree Ay cslimation on the ¢oafidence that |
cauld gr 2 a reliable answer en this quesiion
o J 3 4 5 6 7T E 9 10 (0-10)

6. Improved cooperation and coordination among people involved in the projecls, e.g. different departments
or functions

Surangly duagiee Surongly apree My estimauan an ke confidence thatl
could pinve 2 reliable answrr en thas question
o 1 1 4 5 & 7 E 5 )0 (o-10]

7. Fewer errors: less recycling; less redesign

Strengly diagree Svangly agtee My esinuation on the confidence thar [
could groe a teliable zaswer an this queshan
o] 3 4 5 6 7 & % 10 {0-10)

8. Improved communication

Sieenply disaygres Swangly agree Ay esumanen on the conlidense that |
could gn ¢ arehiable answer on this questian
¢ 1 21 1 5 6 7T B 9 010 10-10}

9. Beller project control

Serongly diapres Suonyly aurce My extimanon on the confidence that 1
could gree a reliable answer on this question
1 2 3 4 5 64 7T 3 % 10 {0-10)

10. Improved customer acceptance for new products

Sugngly disagres Stongly agree *ly csumation on the confidence that |
could pive 2 reliable answer on this queanan
601 21 4 5 6 7T 8B 0I0 (0-10)
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11, Top management of our company is Lypically prioritizing issues which are impertant for ...

Techrolagical Product development My caumation on the ¢onfidence that |

Comy emet Emphasis an Perfonmance cauld grue a rehiable answer oo s quesiian
Datancing both 10-10

76 5 43 2 1 0 1 2 3} 4 5 87

[2. The business that we are in requires thal we can compete with...

Techaolopical Proaduct dewelapmenn Ay eshmanan on the cenfidence that !

Compeliliveness Emphasu vn Terfomunece cauld give a rebiable answer ¢n Lus quesiion
Nalancing bay [0-10}

6 0821 2 0] 2 YA 8T

[3. Qur company’s awn sales and distribution network is important for ...

Tecknelopical Product development My estimanon on the confidence that |
Coumy a1y Emphasis on Performance could grue a rebuble antaer oz this question
Balancing both 18-10)

T 65 11 2 1 0 1 2 3 4 %5 6 7

14. Use ef selected key technologies in product development is imporiant for...

Tecknological Praduect development Ay esimation on the confidence that 1

Com; 11 Emphasis on Perlomanse could gre 2 rehable arywer on this queshan
Nalanging bath [o-10)

746 M40 2 101023 Q5 607

I 5. Situations where we can use new lechnologies for exisling or traditional kind of products are
important for ...

Techmological Product developnent Aly estimatien on the confidence that |
Comy nedh Emph on Performance could gree a rehable ansiwver on thus quesiien
Dalancing both {0-10)

76 S 41 210 1 234 3 6 7

16. Achieving “critical mass effecl” is important for...

Technological Product cevelopment My estimation on ke confidence thatl

Compeninenen Emphasit an Terfarmuance could pive a relable apswer on this quenon
Dalancing both {0-109

T & 5 4 31 21 0 1 2 34 5 858 7

L7. Taking care of both producl development and process development (manulacturing, assembly,
delivery, disiribution cte.) is important for ...

Technalogieal Preduct development My esumation on the canlidence that |

Camyp aness Empt on Performance could give a relizhle answer an this questien
Dalaneng bath (3-10)

Te 3 a3 20l 203 4 5 & 7

1 8. Prioritisation of 1ime based resulis over cost issucs is important for ...

Technategieal Preduct deelopmem My estimation on the canlidence that

Compeuiteney Emphasis on Perlormance could give aachable answer an tus qusiion
Talanezng bath {0-10)

T & 5 41 1 21 0 1 22 a5 &6 7

19. Prototyping and testing principles in our organisation arc based on ...

Technological Froduct des elopment MMy cstimalren oa the cunfidenes that I
Compelineren Emphiasic on Pedomance could grve a reliable anywer an thas quetlion
Talancmg both {0-10)
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20. Contincus increase in know-how for advanced technologics and compulerized tocls for preduct
devclopment melhodologies is important for ...

Technological Preduc: des elopmem My ssumation en the cenflidence that T

Compeninenen Eniphasis on Perlurmance could give a reliable answer on thuy questan
Dalaneing balk (0-10)

T 6 5 5 3 21 0 | 2 3 4 5 6 7

21, Pilot projects with selected customers are imporiant for ...

Technologeal Freduct des elopment My ssumanen on the coafidence that 1

Campetitneness Erahasis an Ferfomance could give a reliable answer on this quesion
Dalaneuy bath {010

76 5 4 1 21 01 234 5 6 7

22. Some long term customer relationships are important for ...

Technalogical Froduet development My estimation on the confilenee that

Compelitreness Ertphasis an Perfomance could g a relorhle answer an tis question
Nalancing both [B-10)

7 6 § 41 2 1 01 T3 1 5 6 7

23. Making authorized technology choices on behalf of our customers is important for

Technalagieal Product developrient My esumation oa the confidence that |

Compeutiveness Emphass on Performance could gie 3 reliable answer on ths questicn
Halanewny: both [o-10)

7T 6 5 431 2 1 01 21 4 5 67

24, This product development organisation where we are working is ofien described like that we are
orienled towards...

Technalogcl Product development My catimaiion on the confidence that I

Competilinenesy Emplasis on Performance could grue a reliable antw er on this quesion
Nalancing both (0-10)

7T 6 5 4 3 2 b oo | 21 4 5 6 7

25. Product developmenlt engincers in our company have a sirong lask crientation for ...

Technulngieal Prognzt de clapmem My estmation en the confidence that 1

Compeliin eness Empliasis oa Performance could grve a eeliable answer on this question
Dalanerng bath {0-10)

T e 5 11 10 1 2 )4 58 8T

26, Product develepmient engineers in our company are best motivated with goals for the improvement
of ...

Technological Froduct derclopment Ay sumation oa the confideace that |

Comp e Eretpt an FPerlomance could gre arehiable answer an dhis question
Tialancing both 10-10)

T 6 % 5 1 2 1 b1 2 3 4 5 6 7

27. Management of the whole R&D (research and developnient) project portfolio is important for ...

Techaolopical Froduct development Aly cxomation on the eonfidence thatl

Competilneness FEmphasis on Perfommance could groe a reliable answer on this question
Halancing both (¢-10}

7 6 5 5 31 2 1 404 1 2 1 4 5% &7

28. Building and use of performance measurement systems is impertant for ...

Technological Produst develepment My cstimation on the coafidence that 1
Camp 1 Emph 1] Perfarmance could give a eelizhle anvwer an this quesucn
Halarcing both {0-10)

76 0403y 2 Loy 23 5 5 B 7
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29, Our company evaluates and measures its product development activities specially for the
development of ...

Techaolagical Preduct des elopment My ctomation on the confidonce that 1

Cuompenlianess Emphasis an Peifoimance could gie a relable answer on this question
Dalancing bath 10-10)

T & %5 4 3 21 01 23 4 5 6 7

30. Flexibility of the external subcontractors for product develop;ﬁat activities are important for ...

Technological Product derelopment My camation on the ¢oafidence that L

Camy eness Empg} an Performanee coukd gine 2 rehable answer oa this question
Datancung bath (0-10)

T 6 5 43 2 10 1 2 3 1 8 67

31. Projecl specific stralegies for supplier invalvement in product development are important for...

Techaalagieal Praduct development My caumation on the conflidenec that I

Comp CcTiEn Empl an Performance cauld grve a celishle answer on tus quesiion
Dalaneing both {0-10)

T 6 5 43 2101 2 34 %3 6 7

32, Company-widc efforts for "design chain integration” in product development aclivities arc important
for...

Technological Product da elopment My esumation on the cenfidence tkagl

Compeli rnets Emphasis on Perlprmance ceuld puve 2 relable anywer oa this quetion
Balaaciag bath (0-10)

T 6 5 41 21 6 1 21 4 5 6 7

33. Wide discussions in our company on the relative posilion and importance of product development
are imporiant for ...

Technolopieal Product developnient kly canmation en the canfideace that )

Comy p—— Emphasis an Perfommance could give a reliable answer on s quaation
Balanewng both {0-10)

T 6 5 a4 3 2 1 01 2 3 45 6 7

34. A broad range of technological capabililies is important for ...

Technalagieal Traduet develapment My estimation on the confidence that L

Compentiveness Emphasis cn Perfurmance ezl pive 2 rebiable anawer on this question
Dalaneing both 10-10)

T 6 5 4 3 21 01 21 4% 5§ 67

35. Separation of technology development projects and product development projects is important for...

Technological Product deyelopmeet iy csimation on the confidense thatl

Cormpelilis eness Emphass on Performance could gnca reliable onswer on tus question
Dalancimyg bath {0-10)

76 5 31 210 1 2 3 4 5 6 7

36. Integrated (iming and scheduling for intemationally distributed preduct development teams is
important for ...

Technalogical Preduct devclopment 3y ssumauon an the coafidence [

Compentreness Emtphasis on Performance could prve 2 rebable answer on this question
Dalancing both (3-10)

7T 6 5 14 3 21 09 1 23} 4 5 6 7

37. Real benelits from the internalionalisation of product development work are important for ...

Technatagieal Product development My exmaticn on the confidmee that 1
Competin enes Emphasi on Perfomance cauld give a reliable anawer on 2ot question
Nalancing bath {0-10)
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38. Synergies [rom common technical [unctionalities between products are important for .

Tecknological Product des eleprient My estimation on ke confidence tha I

Compeltiseness Emphasis on Perloemance cauld ge a rebakle answer an this quaiieon
Tafancinp bath (10}

T 6 % 4203 b a0t 230N 8 7

39. Qur concepls for products and technologies are important for ...

[echnilogizal Praduct deselopment My estmanon on the confidence that I

Compelitiveness Ermphaa on Perfotiiance could gre 2 rehable answer on tns quesiion
Dalancing bath 10-10)

7608 243 2100012 Y 45 8 7

40. Devclopment of product and Lechnology platforms first from low-end towards high-end price
segments is important for ...

Tecknolopiza! Freduet dexelopment My estmatien on the confidenee thatl

Compeliti ericas Emphasis an Peiformance could give a reliable anvwrr on thas queston
Dalsnemg both 13-10)

T6 5 4 3 2 L g1 2 31 4 5 8 7

41. Cross-functional preduct development teams are important for ...

Technolo zxeal Product develepment My estination on the confidence that |

Compentivensss Emphins on Performance cauld grve a reliahle anawes oo Gan question
Ralanzmp both {0-10)

7 6 5 4 3 2 | 01 231 1 5 6 7

42. Synergics from technological discontinuities are importanl for., ..

Technatogical Preducy develepment My estimanen on the confidence that |

Compentivencss Emphatis on Perfommance could grve 2 telishle ancwer o this quesuen
Balaneing bath (9-10)

AN . T T B A « R S I I

43, Customer specific product development projects are important for ...

Technalogical Mroduct deselopment My estimanen on the confidence thatl
Coanpetitneness Emphasis on Performance coufd give a reliable answer oa this queanon
Dalancing both {010
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Appendix 6. Responsc profile for case company 2

Statoment rosponsos ] Confidonco responses
N Medlan' | Porcentlles 1R N Medlan
Valid 25 75 valld
Use of seiecled key lechnologies in
producl deweloprnent is important far 13 -4 -5 o] 5 1 a
A broad range of technalogical capabildies
is imponanl flor 13 -4 -4 -2 1 11 8
Froduct development enginoers in our company are best
motivated
with goals for the improwmaent ol 13 -3 -4.5 25 7 11 i}
Qur concepts for pmducts and lechnologies
are impartant for 13 -3 -4 o] 4 11 7
Making authorized technology choices on
behall of qur
cuslomers is important for 13 -3 4.5 -2 2.5 11 7
Top managemenl of our company is lypically priontizing 13 -3 -3.5 -1 2.5 4“1 3
Real bonehts from Lhe intemationalisation of producl
deselopmenl work are imporant for 1 -3 -3 i} 3 10 55
This producl dewelopment argansaton where we are warking
15 oflen descnbed as oriented lowards 12 -2.5 -3.75 Q 3.75 11 7
Customer specific producl dewelapment
projests are imporant far 12 -2.9 -3 0 3 11 7
Situalions where we ean use new technologies for
exisling or tradilionel kind of producls are important for 13 -2 4.5 o] 4.5 1" 7
Synergies from technalogical disconlinluilies
ore imparlant far 11 -2 -5 1 -] 11 5
The business we are in regquires thal
we can compete with 13 -1 -3.5 0 3.5 11 7
Pilat projecls with selected cuslomers are imparant for 13 0 -5 4 g i1 |
Some fong lemm customer relationships am impodtanl for 12 1] -3.5 3.5 7 11 7
Protelyping and lesling principles in our
arganisaticn are based on 12 Q -3 3 6 11 T
Separalion of lechnology dewelopment projects
and product dewslopment projects is impartant for 12 0 -3 3 6 1 7
Product dewelopment engineers in our company
hawe a slrong task orentalion lor 13 0 -3.5 2 5.5 11 7
Company-wide cforts for "design chain
integration” producl developmen! aclivlies are importanl for 12 0 -1.5 3 4.5 11 7
Qur company’s awn sales and dislrubution network
15 impartanl for 13 0 -3 2 5 " g
Cantinous increase in know-how for advanced technologies
and compulenzed 1ocls for product deselopment
methodologies is imporant lor i3 0 0 3.5 a5 11 7
Wide discussions in cur company on he relative posilion
and imparlance of product deselopment are imporiant for 13 0 -2 0.5 3.5 11 7
Management of the whole R&D projecl paniolio
15 impartanl for 13 ] -3 "] 3 11 7
Dewlopment of product and lechnology platforms
first from low-end towards high-end pnce segrents (s
imporant far 11 a -2 a 2 11 5
Project specific slralegies for supplier inwolvement in
preduct development are impertant for 11 0 o] 2 2 1 4
Achiesing "crlical mass effecl” is imporiant for 12 0.5 -3 4 7 i1 =]
Taking care of bolh product development and process
dewvelopment fmanufaciuring, assembly, delivery, distnbulicn
etc.) is impardanl for 12 1 -3 5 i} " 8
Prionlisation ol time based resulls over cast issues
is importanl for 13 i -5 3 8 11 7
Qur company ewaluates and measures its product
development aclivities specially for the development of 13 2 -1.3 4.5 [ i 7

= Response values range [rom technological compelitiveness (-) 10 product development pertormance (+) Zero value (0) marks more
emphasis on balance berween them.

QR (Inter quartile range, dilference between 75% and 23% quartile values which provides a statistical estimaie on the dispersion ol
dala originating from an ordinal respanse scale.)
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Appendix 7. Response profile for case company 3

Stalement responsos | Conldence responses
N Modlan® |Percontiley IQR N Muodlan
Valld 25 | 75 Yalld

Use of selected key lechnologies 1 product

deszlopment 15 imperant for 5 -5 -& 2 B E] 8
Pilol prejects with selected cuslomers are imporlant for 5 -5 -5 2 B 5 B
This preducl developmenl orgamisalon where we

are working is often descnbed a5 onented lewards 5 -4 5 |-15] 35 5 a
Product development engineers in our company

are bes| molivated with goals for Lhe Improverent of 5 -4 51213 5 B
Situations where we can use new lechnologies for

ex|sting or traddional kind of products are important for 5 -4 5 | -25) 25 4 2]
Protolyping and lesling principles in our arganisalion

are based on 5 -4 5] -3 2 5 8
Cuslomer specific preducl dewelapment projecls

are imporant for 5 -3 5|25 715 5 8
The business we are in requires thal we can compela wlh 5 -3 S| 1 4 ) ]
Our concepls for products and technologies are

important for 3 -3 45|-15]| 3 5 8
Producl developmen! engineers in our

company hawe a slrong task arientalion for 5 -a 55| 2 | 25 5 8
A broad range of lechnolegical capablidles 15 Imporant for S -3 25| 3 |05 5 B
Making aulhorized tochnology cheices on behalf

of our cuslomers is important for 5 -2 45| 1 55 5 B
Our company 's own sales and distrubution network

i5 impenrant for 5 -2 45| 0 45 - 8
Conlinous increase in know-how for advanced technologies

and computenzed lools for producl development

methodologies |5 impenant for 5 -2 2| 25|45 5 8
Synergles from lechnelagical discontinluities arc

importanl for 5 -2 -3 1 4 3 a
Top managemen! of our company is Lypically peontizing 5 -2 -3 0 k] 5 a
Wide discussions In our company gn Lhe relative posilion

and imporance of producl development ane important for 5 -2 35| 1 | 25 5 8
Achlesing “critical mass eflecl” is important for 5 [1] 15| 4 | 55 4 ]
Taking care of bolh product development and process

development {manufacturing, assembly, delivery, distnbution

ele.} 15 important for 5 0 o] 3 3 5 8
Management of the whale R&D project ponfolio Is

importan! for 5 0 -2 1 3 5 B
Some long term cuslomer relalionships are importanl for 5 3] 0 |25] 25 5 B
Dewelopmenl of product and 1echnology platforms first

from loweend towamds high-end price segmenls is impananl

for 5 ) 0 1 i 5 8
Real benefits from the imemationalisation of

product developmenl work are important for 5 3] 0 |25]| 25 5 €
Our company evaluzles and measures s product

develapment activilies speclally for Lhe developmenl of 5 1 -1 {55]| 65 5 [
Separation af technology development projecls and

producl development pmojecls is imporant for 5 1 -1 | 351 45 S )
chlbilﬂy of the extemal subcantraclors for product

dewelopment acliilies is impoerant for 5 2 35145 8 5 B
Cross-functional preducl developmen! teams are ymportant fo 5 2 15| 4 5.5 5 8
Projecl specific siralegies for supplier

imvolvement in producl dewelopment are imporlant for 5 2 -1 4 5 5 7
Priontisation of lime based resulls ower cosl

issuos is imparlanl for 3 2 1 | 35125 5 7
Company-wide eflods for “design chain integration™

producl dewelopmenl aciiities are important for 5 2 0 |25 25 5 7
Building and use of performance measurement syslems

is impodanl for 5 ) 15| 4 |25 5 a

" Responsc values range from echnological competitivencss (<) (o producl development performanee (+) Zero value (0) marks more
emphasis on balance between them,

IQR {Inter quartile range, dilTerence between 75% and 25% quanile values which provides a sulistical estimate on the dispersion o
daia originating {rom an ordinal response scale.)
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Appendix 8. Response profile for case company 4

Statement responsos | Confidence responses
N Median®™ |Porcentiles IQR N Medlan
Valid 25 75 Valld
Conlinous increase in know-how for advanced
technologies and compulerized 1o0ols for product
development melhodologies is impartant far 4 -3 5.5 | 1.75 | 7.25 4 B
Real benehls fom the inlemalionalisalion of product
dewelppmenl work are important for 4 -3 2.5 | 175 | 725 4 3
Use of selected key lechnologies in product
dewelopment is impartant for 4 -2.5 -5 1.5 6.5 4 B
Produc! dewelopmenl engineears in our company hawe a
slrong task orientalion for 4 -2.5 -3 2.5 55 4 5
Pilot projects with selected cuslomers are importanl for 4 -2.5 4.5 1 5.5 4 4.5
best
molivated wilh goals for lhe improvemenl of 4 -2 -5.75| 0.5 | 525 4 5
A broad range of lechnolagical capabililies 15
importanl for 4 -1 275 225 3 q4 5
Sepamalion of technology deelopment projects
and producl developmenl projects is imporant for 4 -1 -5 ] 8 4 45
Prolatyping and lesling principles in our
organisalion are based on 4 1 275 15 | 425 4 55
Synergies from lechnological discontinlilies are
imparlant for 4 -1 -4.25 Q 4.25 4 d
The business we are in reguires thal we can compete w4 a -2.25 a 225 4 6.5
Cur cancepls for producls and technologies are impora 4 Q -3 1.5 45 4 -]
Some long lerm cuslomer relationships are important lo 4 0 1] 225 | 225 4 6

Our company ‘s ovwn sales and distrubulien nelwork

is impodant for 4 0 -1.5 1.2 ] 4 4.5
Building and use of performance

measurement syslems is imporant for 4 a o 225 | 2.25 4 4.5
Management of the whole R&D project patifalio

i5 imporan! for 4 Q 1] o 0 4 4.5
Cross-funclicnal producl desvelapment teams

are imporant far 4 1] -3 a 3 4 4

Company-wide eflorls for "design chain integration”

product development aclivties are impodant for 4 0 0 225 | 225 4 3.5
taking authotized lechnology choices on behalf af

our customers is impaortant for 4 0 0.75 0 0.75 4 3

Projecl specific stralegies for supplier invelwement

in product dewelopment are important for 4 0 -1.5 0 1.5 4 1.5
Wide discussions in Qur company on the relalive

posilion 4 1] 0 1.5 1.5 4 1.5
Situalions where we can use new technalogies for

existing or tradilional kind of products are important for 4 0.5 -2 375 | 575 4 6.5
This product dewelopmenl organisalon where wa

are working is often described as oriented lowards 4 05 -2.25| 325 | 55 4 4

Taking care of beth producl development and process

devetopment {manufacluring, assembly, delinery,

distribution elc.) is important for 4 1 1.5 | 425 | 575 4 6.5
Top management of our company is lypically prionlizing) 4 1 -3 425 | 725 4 55
Flexibility of the exlemal subcontraclors

far product developmenl aclivilies is impartan! for 4 1 0 3.8 3.5 4 6.9
Dewlopment of product and technology platforms first

from low-end tovards high-end price segments is

important for 4 1 4.5 | 275 | 425 4 5.5
Our company evaluates and measures ils product

developmenl aclivities specially for the development of 4 1.9 225 45 | 875 4 4

Pronlisation of lime based results over cosl

1s5ues is impartant for 4 1.5 o] 3 3 q 5

Customer specific product developmenl projects

are importanl for 4 2 0 6.25 | 6.25 4 45

* Response values range from technological competitiveness (-) 1o product development performance (+). Zero value (0) marks more
emphasis on balance between them. IQR (Inter quartile range, difference between 75% and 25% quartile values which provides a
swatistical estimate on the dispersion ol data enginating from an ordinal response scale )
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Appendix 9. Raw data from case company 5

Statement rosponses l Confidence responscs
N Median® |Percentilos 1R N Median
Valld 25 75 Valld

Making authonzed technology choices on behall

of our customers i3 impariant for 6 -4 -5.25 | 1.25 8.5 2] 55
Situations where we can use new lechnologies for

exisling or lraditional kind of products are important for 6 -3.5 -5 -2 3 6 6.5
Preducl development engineers in our company

have a strang lask orentation for 6 -3 -5.25 | 2.5 7.75 B 7
The business we are in requires lhat we can compete wilh 6 -2 -4 375 | 775 3 8.5
Pilol projecls with selecled customers are impadant for 6 -1.5 -5.25 | 1.25 6.5 6 7
A broad ranga of lechnological capabilities is important for 6 -1.5 4.5 0.5 5 5] 6.5
Conlinous increase in know-how lor adwanced lechnologies

and computerzed lools for product development

methodologies is impodtant for B -1 4.5 475 | 925 6 7
Protolyping and tesling principles in our

organisalion are based on -] -1 525 | 225 | 85 G 5.5
Product deselopment enginears in our company are

ezt molivated wilh goals for Lhe improvement of B 0 6.25 a 9.25 B 7.5
Synergies frum common technical

funclionalities between producls are important for 6 0 -3.5 B 8.5 6 6
Projecl specifc slrategies for supplier imolvament in

preducl development are impartant for 3] 1] -275 4 6.75 5] 5
Synergies from technolopical discontinluities are

importarl for 5] Q -1.25 | 0.5 1.75 5] ;]
Qur cencepls for producls and technologies are imporlant far 5] Q 075)| 3.75 4.5 ] 5
Qur company ewluates and measures ils product

development aclivtiea specially for the development ol 5] 1] -1.25 3 4.23 <] 5
Separation of technalogy developmenl projects and

product developmenl projects is important for B 0 o 025 | 0.25 6 5
Raal benafils from the inlemnationalisation of

product development work are imporlant for 6 o -1.5 1.25 | 275 6 3.5
Company-wide elforls for "design chain inlegralion™

produst development activities are imporlant far 6 0.5 -1.25 3 4.25 ] 55
This product dawlopmenl organisaton where

we ame vorking is often described as orienled towards -] 1 A75]| 35 4.25 -] 3.5
Flex hillly of the extemal subconlmclors for

produc] dewslopment aclivilies is impordanl for 6 1.5 6 4 10 ] 7.5
Some long tem customer relationships are imporiant for -] 1.5 -1 4.25 | 5.25 -] <]
Cross-functional product developmenl teams are importantfor] 6 1.3 05 | 475 | 5.25 i] 5.5
Taking care of both producl dewelopmenl and process

dewvelopment (manufacluring, assembly, delivery, dislibulion

etz.)is imporlant for 6 1.5 Q 375 | 3.75 =) 6.5
Achieving "cnlical mass effectl” is imporlanl for 3] 2 -1.25 4 525 B 6
Pronlisation of time based resulls over cost

issues 15 imporant for -] 25 025 5] B.25 -] g
Wide discussions in ocur company on Lhe relative

posilion and importance of producl development are

imporiant for g 35 075 5.5 6.25 g 7.5
Customer specific product developmenl projects

are imparlant for ] 35 225 | 45 B.75 & 7
Management of the whole R&D projecl portfolic

is imporant for & 3.5 -0.25 § 6.25 5] 6.5
Dewelopment of preducl and technology platforms first from

low-end towards high-end price segments is important for 5] 5 -3 5 [E] 6 5
Integrated timing and scheduling for inlematicnally

dislribuled preducl dewelopment leams is importan! for 6 3.5 1.25 1 425 3 B 7
Cur company's own sales and dislrubution network

13 imporant fer g a5 1.5 4 2.5 | 5
Use of selecled key lechnalagies in

producl development is important for 6 4 -1.5 | 5.25 | B8.75 & 6.5

* Response values range rom lechnological competinveness (<) to product development performance (+). Zero value (0) marks more
cmphasis on balance between them,

IQR {Inter quartile range, difference betsween 75% and 25% quartile values which provides a siatistical estimate on the dispersion of
data originaling {rom an ordinal response scale.)
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Appendix 10. Ordered data sets for case company |

Slotemenl responses Canfid P

H Medlan | Por ] QR H Klodl
Cralt practices (Iligh equivocally, 10s uncuitaln Valid 23 ] ¥olid
Conlingus increasn in knwahew for adarnced technalogios ard
cemptenzed locls for
croduzl dieloamerd methadolonies 15 important far 8 -1 578 375 105 g 1]
Cross-funclional oroduct! doval 1 \eares are imperan for B 1] -3 75 575 & 5] 7
Prot projects with selected custemaors atg imporiant for 8 1] - a5 Rl B ¥
Fraduct divelegmont erg noars in Qur campany
haie 3 $irorg 1ask orentalion for B 15 -5 25 75 £ i} 7
Prelotyping and tesling pncipfas an our o are hased on ;] 15 15 5 ] B 7
Sruanions where we can use new technglogi s for axisting of
trad:tiznal kond of producls are impanant for 7 2 3 5 B ? 7

Flambrdy of the external subcontractors far product

dealopmerd azimties |5 rmporart for [:] 2 25 4 625 [:] 7

Bulding and use of pedarmance measurement systems is importtani ({8 3 1] 575 575 8 75

Qur ecrnpany’s g gilos and distrubidion ratwork is impsetant for 7 ] -3 [ 9 7 7
Sratement responses Canlldance responses

H_ | Modian [Pocontles 1on []] Madlan

Hanoutine pracuces {igh equivacality, high unceralnty) Valid =] 75 Valld

Achigving “enboal mass cffect” 15 impedant for B -3 -4 75 15 625 i 4

Top manancmen! of our company i ypica'ly praniting 1] -2 475 4 875 8 [

Fiojecl specdic stratomies for supghin emabement in

croduzl develoamert aro for a -2 - ] 55 8 B

Separdlion of technology devalopmam projacls snd product

drvelopmont projacts is imy tfar a 1] -375 375 75 B BE5

Development of producl 3nd techinalogy platforms fust from loa-erd
lawards kigh-end price

sOqmenis 15 Tar a 15 s 525 75 a 1]
This precduct development arganisalon whore wo are wadking

15 chendescnhed a5 enented towamds a 2 5 474 875 g B O
Some fana lerm customas rolalionskips ara impo:snt for ] 35 -2 75 E 715 g ]
Integrated tuming and schedulrg for it Ily distnbuled
roducl demloprnand leams 15 mpananl far i) H] a 3 B i 65

Stalement rogp Canlid, I

K[ Medlan® | Perconiilos 1aR 1] Medlan

Mouwline practlces [Low equivocality, Tow uncartalaty) Valid 5 73 Yalid
A brosd range of leehne'ecic al cagahiltias 1s wnpenan for B -5 575 075 5 a ?
Manazement cf the whele RED pre-ect pomdelin 15 imaonant far i 1] -223 a 235 ] 0
Wide discussians in aur company on the el
oosman and impatance of product dovels; i mparlanl foe ] a -375 1] 75 g 75
Uze cf selected key technologies in produsi
developmend is 1mporan: for 8 a 15 15 3 ¥
Qur eencepts for praducts and technc’oates aro imperant for 8 1] 1] 0 0 7
Tha busingss we 38 in fogu:es that we ean campela wilh a 1 1] 375 375 75
Qur czmpany evdluates and measeras its product developmenl
aeTities
spacia'ly for the developmar! of a 35 075 575 ) [i] 75

Takmg care of beth produzi dovelopment and process developmen

trmanufacturing, ascemély, deivary, disitabation elc )13 g far 8 4 073 ] 525 -] A

Pnontisalion of ime b35ed resulls gwer cosl issues s imporant £ g [l 15 55 5 1] 7
[Stat | Tk Confidonca rosponses

H_ | Median | Percentles IGR H Medlan

Engineering pracuces {Low equivocally. high uncertalnty) Valld 25 75 Valld

Praduel develspmart ong noess n oy comaany ate best

metrealed weth geals far the imp ent cf 8 -55 576 235 35 B8 B5

Synercies ftam fackna'sareal discontintu bies ate importanl far 7 ] -4 i) 4 7 ]

Waking aulherized technslogy chaices an behall

efowr e 15 ¥mp fur | 15 A 75 0 4.75 ! B

Real benefis from the intematianalication of

groduzl development wark are umpedant fr B 15 475 0 475 a 55

Company-wide efforts {or "design chainntegration”

oroduzl developmiend aclralics are impartant far A 05 22 175 4 B B

Cuslemer speede oreducl dovelopmenl projeels are imecnant fer a 25 1] 475 475 8 E5

Synergies from common loehnical funciicnal dies

between picducts are importan! far | 5 4 5 1 8 ES

* Response values range fram technelogical competitiveness (-) 1o product development performance {(+). 7ero value {0% marks more
emphasis on balance bebween them.

IQR (Inter quartile range, difference between 75% and 25% quantile values which provides a statistical estimate on the dispersion of
data originaling (rom an ordinal responsc scale,)
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Appendix 11. Ordered data sets for case company 2

Slalemenl (esponses Canldonca Tosg
H HMedian | Peicenlles | 1QR 1] Maodian
Craf gracdens (igh equivocality, Eow unceralnry) Valld 25 15 Valld
Use of solected key tochnalonws in producl development is irmpgriand far i3 -4 5 0 5 1 B
Pimduct davelopment engineers n our company are best matrvatad
with qaals for the imprevoment of i3 x| 45 25 7 1 B
S lualions whese we can use new technolodies for existing or tradilional kind | 13 2 45 0 45 1 7
Pidat prajrets with solecled cuslomers ate imporart for 13 0 -5 4 E] 11 a
Some long terrn cuslamer relulionships are imporani for i2 a - 35 7 11 7
Prototyping and teshing pinciples in our araamigation are based on i3 0 -3 3 B 11 7
Separation of Leehnolagy development projects and producl
develoamont prajects is imporant for 12 Q -3 3 3 11 7
Product developmen] engmeers in our company havea sliong task onentation a 35 2 85 11 7
Company-wide efiorls for “dz2sign chaim imteoration” producl
divelepment aclmiies are impodant {of 12 a 15 3 45 11 7
Tating ¢arg of both producl develapment and pracess develoament
{manufaclurng, assembly. delvery, disinbulian e1c.) is impontant far 12 1 -3 5 1] 1 i
Priontisation of lime based results over cost issues is ienpodant for 13 1 -5 3 B 11 7
Our cempany rvaluales and measures 115 product development
aclmties specially (or the develogmen! of 13 2 -5 45 [ 1 7
Buntdirng and use of pedprmance measuremenl systems 1s impadant far 13 3 045 45 5 11 2]
Synergies fram comman lechnical functiona'lies between
praducls are impariant for 13 3 -1 5 b il 7
Irtegraled iming and scheduling far internatienally disinbuled
praducl development leams Is impottant for 12 35 05 575 | 535 11 7
Slatemonl responses Confidonce responses
] Muﬂﬁn Percentiles I0R H Median |
Hen-rouline pradices {Iiligh oguivocality, high uncertainty) Valid 25 il Valld
Synerqies from lechnolonical discontimuimes are impodant for 1% -2 -5 1 B 1i 5
Qur campany’'s awn sales and distrubulion nelwork is imporanl for 13 1] -3 2 5 11 4]
Arhiming "erifical mass eflect” is important far 12 05 -3 4 7 11 4]
Statemont responses Conlldance responses
H__ | Median®| Percentles | IOR H Median
Rouline praciices (Lavs equivocality, low uncerialsty) Valid 25 i5 Valid
A hrood range ol technolegical capabilities is impamant far 13 -4 -4 -3 1 11 a
Our cancepls for products and Lechnelogies are imporant for 13 -3 -4 1] 4 1 7
tdaking autharized technology chaices on behali of owr
customers is impadanl for 13 3 45 -2 25 11 7
This product development geganisaton where we are woiking is
often descnbed as onented towards 12 25 -3.75 0 375 1 7
Customer specific praduct development projects are imparlam far 12 25 -3 1] a 11 7
The business we are in requires that we can campete with 13 -1 3.5 0 35 11 7
Canlinoys increase in know-how for advanced tlechrolagies and
computerizod lagls for product development methodologies is important for 13 1] 0 a5 35 1% 7
Wide discussions in our company on the relolive position and
imporiance of preducl develapmonl are impartani far 13 1] -3 a5 35 1 7
tdananement of Ihe whole RE&D project portfolio is impanan for 13 i} -3 1] 3 1 7
Flzxib:ity of the external subconiractors for praduct
develnarnent aclivlies 15 imaard anl far 13 3 1 45 | 35 Al 8
Stlatement resp Conflidence respanses
H Median |Percentilos 10R H tedian
Englneering practices {Low equivocality, high uncortainty) Valid 25 5 Valid
Top management of our company is Lypically poarilizing 13 -3 35 -1 25 11 6
Real benafils from the imemationalisation of praduct dovelopment
work are imporant for 11 -3 -3 1] k| 10 55
Devetopment of product and technalogy plotforms first feam low-and
Iowards high-end price segments is imporanl far 11 0 -2 0 2 11 5
Project specific stralegies for sepplier involvement in
product developmenl arg impan ant far 1 1] a 2 2 1 4
Cross-funchional product dovalopment teams ate impcdant for 13 3 1] 3 3 11 5}

* Response values range fram wechnological competitiveness (-) 1o product development performance (). Zero value (0) marks more
cmphasis on bakince between them.

IGR (Inter quartile range, difference between 75% and 25% quartile values which provides a siatistical estimate on the dispersion of
data originating from an ordinal response scale.)
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Appendix 12. Ordered data sets for case company 3

Stalement responses Conflidenca resg
H Median® [Percentiles | 10R N Median
Crafi pracuices (High equbvocelity, low unceralnty) Valid 25 15 Valid
Use of selected key Jechnalogies in product
di~ialopmient is imporand for 5 -5 -6 2 2] 5 a
Piiet prajects with selecled costomers are impodand for 5 -5 R 2 3] 5 1]
This preducl devefopmenl ergamisalon where we are
vaolking 15 cflen descnbed a5 ononted lowards 3 -4 4 |15 35 5 a
Produe! devolop I tngi 5 [ OUr Campany arg best
molrvaled with qoals for tha impigvemend of 5 -4 -5 -2 3 5 a
Customer specrfic oroducl dewzlopment projects are impodant fer ) -3 -8 25 | 75 5 i]
The business we are in requires Lhal wo can gompatg wilh 5 | -5 -1 4 5 =]
Qur cancepts for producls and lochnofanies are impeiant for 5 -3 A5 ] -15 3 g B
Making authenzed technology cheices on bekall of
aur cuslemers |15 imporan! for 5 -2 45 1 55 5 -]
Cur company's orwn sales and distrubution netwak 15 imporiant for 5 -2 451 0 45 5 8
Conlinous increase in knovwehow for advanced fechrologics ard
compuienzed loo's for product develapment melthodologing 12
Impananl far 5 -2 -2 25 | 45 5 ]
Synesq:es ram technolpaical giscantintuilias are imparant far 5 -2 -3 1 4 5 a
Top management of our company is ypscally prortizing 5 2 -3 0 3 5 a
Achienng “enlical mass effect” is imparian for 5 Q -15 4 5.5 4 :]
Taking cate cf bath praducl development and process
development (manufacturing, assembly, deloery, dislubution ele ) is
unpodan for 5 0 0 3 3 5 i)
hanagomont of the whals RED prgjoct penfolio is imporiant for 3 o] 2 1 3 5 ]
Our company evaluates and measures s product
cevelopment actraties specially fos the development of 5 1 -1 55 | B5 5 g
Separation of technetogy developmeni projects and
product developmont praieéts i impenant far 5 1 -l 35 | 45 s 5]
Ftexibilty af the extomnal subzontractors for producl
dewelepment aclmies is important for 5 2 -5 | 45 B E 3]
Crass-funchional praducl deselopment teams aee imporant for 5 2 15 4 55 5 i}
totegrated tim ng and schadubng for intematanally disinbuled
produrt developmont learns is impnrtant far 5 a Q =] 4 5 3§
Stalemenl responses Confidence responses
3] Median® [Percentiles | 10R N Kedian
Non-routine practices (lligh uquivoeality, high uacortainty) Valld 4 74 Valld
Projecl specific stealog.es for supplier imohement m
cioducl develgpmont arg impgriant for 5 2 -1 4 B 5 7
Slatemonl responsas Canfldence resy
N Fedlan® |Porcentiles | 1OR H Madlan
Routlne practices (Low equivocality, low uncenainby) Valid 23 ] Valid
Siluations wherd wa can use new technolngies for
guisling of teaddignal kind of products are impadant far 5 - A |25 25 4 5]
Pratelyping and 1esling principles in aur grmanisation are based on 5 -4 -5 -3 2 5 2]
Prodict development engwmeers IR aur company
have 3 shicna task enentalon for 5 -3 551 3 25 5 2]
& broad range of technelonical capabd bios 18 impadant far 5 -3 A5 -3 05 5 8
Wide discussions in gur company onthe relatve pesiion
and impenance af product develcpmen! aro imporant for 5 -2 351 -1 25 -] B
Sorno lang lenn customer relalionships are imparlanl for 5 0 1] 25 | 25 5 5]
Davetopmont of product and technology platforms first fiom
|rweond towards hah-ond origo sagmants is imparant for 5 a 0 1 1 5 8
Hudding and use ol gerformance meas 1 syslems 15 imegdsnl 5 3 1.5 4 25 5 [F]
Synergies from common technical furctionaltizs
between praducls are imponant for 5 3 25 4 1.5 5 8
S nlresp Confidence resf
H HModian® |Pereenties | 1GR H Hedian
Engl Ing practices {L ow cquivocality, high uncerainty) Valid 5 5 Valld
Real banefits fram the inferaabanalisabon of product
develapment work ase imporlant far 5 0 a 25 ) 25 5 E
Prantisation of ime based rosy'ts over ¢ost issias 1s impodant far 5 2 1 35 | 25 5 7
Company-wade eflorts for "design cha'n inlegratipn”
groduet development actréties are imporant for 5 2 o A5 | 25 5 7

* Response values range from technological competitiveness (-) to preduct development performance (+). Zere value (0) marks more
cmphasis on balance between them, IQR {Inler quartile range, diffcrence between 75% and 25% quartile values which
provides a statistical eslimate on the dispersion of data originaling from an ordinal response scale.)
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Appendix 13. Ordered data sets for case company 4

|Stalemant resposes |Confidence responses
R Modian* [Percentiles LR H Radi
Cralt practicos I1lgh equivecallty, lovs uneortalnty) Valld 25 75 Valld
Conbnaus incmaseo in know-how far advanced technglogies and
cermpulanzed taets for produe devalepmant medhadelaqies s
I for 4 -3 SE [ 1751 725 4 -]
Use of selocled koy fechre'ogies m product devalopement
1s impadand for 4 25 -5 15 | 65 4 a
Produc! davelopmart enqineess in qur company have a
wAronm 1ask gieriafron for 4 25 -3 a5 | 55 4 B
Progyct develapmanl €nginerrs 0 our campany are bost
maivated with qoals for the impervement of 4 -2 S575] 05 |55 4 5
A hroad rargn of lechnolegical capabilties ia imaariant far 4 -1 2751235 5 4 5
Suations whese wo can use nkw lechnolng.es for existing
or Iradmienal kind of praducts a0 mpeiant for 4 05 2 | 375 | 575 4 -
Taking care of both product development and piocoss
dovelepment (masufactunng, assembly, delrary, disinbutian 21e Jas
imapnant for 4 1 A5 | 4] 575 4 ES
Teon management cf our company 15 1ypically orontizng 4 1 G | aB |75 4 55
Synergies frem common techrical functwna'iles
betwaen producls are imaortanl for 4 35 15 | 475 [ B35 £ &
Statemenl responses Confldance responses
H Hedian® [Pereentlles 10R H Hodian
llon-routine praciices {ligh equlvacality, high uncaralnty) Valld 5 15 Valld
Real benefs fiem the irtematianabizalion of product
divelopment werk are impardant far 4 -3 S5 | 175 [ 7.5 ] 3
Filot prejeels with setected customers are imparant fir 4 25 L5 i 5% 4 45
Separalion of tosknology devalopment projects and
praduct divyelogmant proiects i imporant for 4 1 -5 3 2] 4 i5
This preduct davelopmenl argamisalan where we are
working 15 eflen deschioed a5 grienlad tovwards 4 as 23513351 55 4 4
Qur company valuales and measures 15 praduct
dinelopmonl aclialies specally for the dovelopmment of 4 15 225 | 45 | B75 4 4
Customar spoeific product developrmen) projects_ara impartart for 4 2 0 EX (b3S 4 15
lalegraled bm ng and schedulng ferintemnationally distnbeted
product doenl tteams 15 imeoanant for 4 25 05 | 525 | 475 4 45
Achirang "enlical mass efecl’ 45 imporiant for 3 3 Q 7 7 3 4
Sral ml iespurses Confid LS}
{] Medlan” |Percentilos | 1OR H Medlan
Routing practices [Low equivocality. low uncuilalnty} Valid 25 74 Yalld
Protolyping and testing panciples i our erqanisalion are based on A -1 27 18 |45 4 0h
The business wo am in requires Lhal we can compate wath 4 0 235] 0 1235 £
Cur coneapts for oroducls and tachnelagios ae impadant far 4 0 3 16 45 z B
Some long term custamer rel hips are smaonant fer 4 i 0D 22512325 4 B
Qurc y's mwn sales and distrubution retwork 1s impetant fer 4 1] 16|14 3 4 45
Eulding and use ef pedfarmance measwicment
systoms 1s imponanl for 4 0 1] 25128 4 45
Ianagement of the whele RED praject pealfoho is innponant for 4 0 0 0 1] & 45
Floxihfy cf the exlermsl subrortractors (or
ptoducl devalopmenl actralies is imporant for 4 1 1] EES 3.5 4 BS
Devolopmant ef praducl and technology platfarms first
fram |ow-end tewards hichrend prce seqments s imagrant far 4 1 15 | 275 | 4% 4 55
Pngntisation of tima based resuls gvar cosl issuos 18 impatant for 4 15 1] 3 3 4 5
Sualement responses Conlidence responses
i} Median® |[Parcentiles | IOR H Median
Enginoering praciices (Low egulvocallty, high uncernain Valld 25 75 Valld
Synergies fram technoloqical disconlniutios are important for 4 -1 25| D 4325 4 4
Cross-functional product duvelopmant taams ara imperant for 4 1] -3 0 3 4 4
Company-wide eers fer "design chan ntegration”
producl devlsament acintees are impgriant far 4 Q 0 |2x%123 4 35
Making authonzed lechnelegy choaces on bohall of
our custemess is impertant {or 4 1] 47| 1 075 4 k]
Pigject specric siralogies far suppher imvotvemenl
in praduc develapment aie impordant for 4 a -i5 0 15 i 1.5
Wide di5CUs5°0n3 i pur company on tho relslve pasition
ard impartarca of praducl development are imagriand for 4 0 0 15 15 £ 15

* Response values range from lechnelogical competitiveness (-) to product development performance (+). Zero value (0) marks more
emphasis on balance berween them.

QR (Inter quartile range, difference between 75% and 23% quartile values which provides a siatistical estimale on the dispersion ol
datu oniginating (rom an ordinal response scale )
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Appendix 14. Ordcred data sets for case company 5

Stalcment res £ Confldenco rosponscs
H Haodinn® |Parconliles 1GR H Hadinn
Cral pracilees (Iligh cqulvacallly, low uncariainfy} Valid 23 73 Valld
Preduct developmen! ¢npineees i our company
have @ slronylask olisntaton for b -3 AXE | 25 1 7S 7
The buginess we are in requics that we 630 corrpele with ] 2 -4 35 | 778 65
Pilzd projecis wath selected cuslomers ara impartant for ] A L3125 ] 65 7
Continous incroase in knowhow far advanzod technolag vs
and computented 1cals for produet developmerld metkodaleqies 13
imperant for B -1 A5 | 4751 035 B 7
Predutt diwelopment engineers n gut cempany are bes!
mehiratod with goals for the impsevement af & 1} B 3 95 & 75
Frax® |ty af the eaternal subcaniractors for prodect
devclopment aetmlias is important for & i5 Bl 4 10 -] 75
Wide distussizns i aur company on lha relaine postion
and imporance of producl developmen arp impadant far EL:] 0751 55 ] 3 75
c spac.fie preducl developrrent projects ame importint fw 35 235 | 45 75 3 7
Wanancmrert afthe whole RED prejact pertlolo is tmp for a5 4= B 4 6 €5
Use af selacted key leehnetomins in praduct
develppmen| 15 ymportant for 1] 4 18 (525 | B -] 65
Siatemenl rcsponsos Conlldence rosy [T]
H HMedlan® |P il 1aR W Undion
Honroullen pracices (lligh pqut tity, high uncaralnty) Valld 25 5 Walld
Kahng ankenzed lechrology choces an behalf
af aur custemers is important for -] -4 Er-2F-N N B 55
Profalyp ra and tosting prasiples (n our grg ard based on G -1 B 235 ]| 05 ] 55
Synergies from techmeal fane B
belwggn praducts ara impordant for B 1] -35 6 95 B &
Pugjeet spnceis ziratagios far supphe imolamenl
11 pradutl develepment are impedart for [ 0 275 4 B 75 5
Sams lorg 1Emn o tralationskips sig imaniLant fer [ 15 -1 45 | 535 ]
Craoss-functional praduet deve'spment Tedtns e fzr 6 15 05 | 475 | 535 55
Acheeann “eancal mass efect” s imaonan! for a 2 125 4 535 ]
Praoztisaten of ima basod rasults over cost 155005 is imp far B 25 05 ] ;] B [
Develcpment of preduct and technalagy platfarms fist fiom
| ong towards hrah-end pnce Seements 15 imecHant for 5 s 3 5 8 ] 5
Stalemont responses Conllduncu responses
N Hedlan® [Parconlles QR H Hedlan
Rouline pradices Lo ngui liry, low uncenalnmy) Valid 24 i) WValid
Siuatiens whers we can usa naw technologies for exssting
or Irad ignal kind ef products are impedant for -] -5 5 2 3 ) E5
A broad rarge of lechngl | eapab.|twes is imgerant for b 15 A5 05 5 [ BS
Synermes horm lechnolag cal d seortnturies are mao:ian for [ a 1% | 05 175 5] B
Company-wedd efons for “design cham indegralion™
produtt develnpmanl aclwlias are imporant for ] os 13 3 £25 B 55
Thus product devalopmant ormarisaton =here wia
212 warking 15 ofien descnbed a5 onanted towards -] 1 075 | 35 | 3 7] 5%
Takng care of hotk preduct development and procgss
developmant (mancfaciunng, assembly, dalrory, Bisinbution sle ) 1s
ireperant for g 15 1] 175 | 375 £ 65
Integrated iming ard schedul ng forntemationally distnbuted
pioduct devalopmant teams 15 ympenant for B 35 125 | 455 3 B 7
Bui'd na snd w50 of pedomance maasuremenl syslems 15 umparant f [ 45 2251 b5 | 33 1] -]
Stal rosp Conlidunco responses
H Hodlan® |Poreentlles 10R H Hedlan
Engi ing practicey {Law equl lity, high talnhy) Valld 25 75 nlid
Qlur cancopts fr products and Iechnolaqes ase imaortant fer B 0 A75 ] 375 | 45 & 5
Qur company rvaluates and measuies ns product dualopment
aclraiies specia'ly forthe devefcpment of ] g R =] 3 425 B 5
Separalion el tochnology deelapment proesls and producl
devalopment Fro-acts 15 important for 7] 1] 1] 035 | 035 3 El
Real bengfle fom the istamalional:sabon of product
gl ! work_ara imeoranl far B a A5 | 135 | 278 a5
Qur company’s ean sales and distrabution redwork Ls important {2¢ B s 15 ] 25 5
Top managomant af aur company 18 lypicaly prionhzing B 4 a 425 | 47 4

* Response values range from technolopical competitiveness (-} 1o product development performance (+}. Zero value (0) marks more
emphasis on balance between them.

IQR {Inter quartile range, difference belween 75% and 25% quartile values which provides a statisticnl estimale on the dispersion of
data originating from an ordinal response scale.)
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Appendix 15. Spcarman’s rank order correlation statistics on traditional survey variables

with Likert-scale
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Appendix 16. Spearman’s rank order correlation statistics on new survey variables with

new response scale
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