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Abstract
Management of product development activities has become increasingly important, as cycle times
of product development have shortened. Smaller product development projects are often
conducted rapidly at companies based on customer or sales requests to answer the need for faster
cycle times. However, this is often done without fully realizing the impact of the new projects on
the larger project portfolio or organizational effectiveness.
The main objective of this dissertation is to increase knowledge on the use of agile
development methods in small, rapid product development projects, and on the implementation of
a rapid product development model. The dissertation is formulated as a qualitative, inductive study
based on the research results of four original publications and a summary combining the results.
The results of the dissertation show that it is beneficial to separate a rapid product development
process for certain types of customer- or sales-initiated projects. A new rapid development model
with principles and guidelines is introduced to help organizations facilitate this separation. The
implementation of the model can be supported with agile development practices, of which selfmanaging teams are studied in more detail. There is significant overlap between case companies’
perceived success factors for rapid development and self-management.
The results imply that a functional rapid development model can be utilized as a strategic asset
at companies. The results also provide empirical evidence that agile development practices can be
utilized in product development. In addition to providing empirical evidence in scientific
discussion about combining product development and agile software development practices, the
results can be used to create better definitions of product development processes in general.

Keywords: agile methods, agile software development, lean thinking, new product
development, product development, product management, rapid product development,
self-management, self-managing teams, technology management
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Tiivistelmä
Tuotekehityksen johtamisesta ja hallinnasta on tullut entistä haastavampaa ja tärkeämpää, kun
tuotekehitysprojektien läpimenoajat ovat lyhentyneet. Yritykset tekevät kasvamassa määrin
lyhyitä tuotekehitysprojekteja asiakaspyyntöjen tai myynnin aloitteesta vastatakseen markkinoiden vaatimuksiin nopeasta kehityksestä. Tällaisten nopeiden tuotekehitysprojektien käynnistäminen ja toteutus tehdään usein ymmärtämättä yksittäisen projektin vaikutusta koko projektiportfolioon tai organisaation tehokkuuteen.
Tämän väitöskirjan päätavoitteena on tutkia ohjelmistokehityksestä tunnettujen ketterien
kehitysmenetelmien käyttöä nopeissa tuotekehitysprojekteissa ja uudenlaisen nopean tuotekehityksen mallin käyttöönotossa. Tutkimus on tehty laadullisena ja induktiivisena tutkimuksena
perustuen neljään itsenäiseen tutkimusartikkeliin ja näiden tulokset kokoavaan kokoelmaosaan.
Tutkimus osoittaa, että yrityksille on hyödyllistä erottaa erillinen prosessi tietyntyyppisille
nopeille tuotekehitysprojekteille. Tutkimuksen tuloksena esitellään malli, joka tukee tätä erottamista periaatteiden ja ohjeiden avulla. Tätä mallia pystytään tukemaan ketterillä kehitysmenetelmillä, joihin liittyen on erityisesti tutkittu itseohjautuvia kehitystiimejä. Case-yritysten havainnoimilla nopean tuotekehityksen menestystekijöillä ja itseohjautuvien tiimien ominaisuuksilla
on havaittavissa suurta päällekkäisyyttä.
Tulokset osoittavat, että hyvin käytetty ja määritetty nopean tuotekehityksen malli voi olla
strateginen kilpailuetu yrityksille. Tulokset lisäävät myös empiiristä tietoa ketterien menetelmien
käytöstä tuotekehityksessä ja hyödyntävät siten ajankohtaista tieteellistä keskustelua. Tuloksia
voidaan myös hyödyntää muiden tuotekehitysprosessien käyttötarkoituksen tarkempaan määrittämiseen.

Asiasanat: itseohjautuvat tiimit, itseohjautuvuus, ketterä ohjelmistokehitys, ketterät
menetelmät, lean-ajattelu, nopea tuotekehitys, teknologiajohtaminen, tuotehallinta,
tuotekehitys

“I am smart enough to know that I am dumb.”
– Richard P. Feynman
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Abbreviations and definitions
B2B
B2C
BPR
ECM
e.g.
HW
NPD
Product variant

Sales item

SW
SWD
TQM
XP

Business-to-business
Business-to-consumer
Business process reengineering
Engineering change management
exempli gratia
Hardware
New product development
A significant modification to an existing product to create a
new sales item, while retaining most of the technical structure
of the original product, e.g. adding a turbocharger to an
existing car engine.
An item in a company’s product portfolio that can be
individually purchased by a customer directly, or as part of a
product configuration, e.g. a car model (Ford Focus), an
engine model (1.0 liter EcoBoost), or an optional accessory
(backseat rubber floor mats).
Software
Software development
Total quality management
Extreme programming
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1

Introduction

1.1

Background and research environment

Product development is the driving factor for companies’ economic success in the
long term (Cooper, 2001; Ulrich & Eppinger, 2008; Wheelwright & Clark, 1992).
The ability to bring products and/or services to the marketplace faster gives a
company a competitive advantage, higher profitability and the ability to react to
changes more quickly (Cooper, 2001; Griffin, 2002).
Like all other aspects of business, new product development (NPD) has
recently faced changes and challenges relating to existing market conditions with
the rise of digitalization and globalization. These challenges have influenced the
ways in which product development is now used at companies (Cooper, 2014). The
cycle time at which new products are introduced to the marketplace has reduced
significantly while the number of incremental development projects has increased
at the expense of new-to-the-world projects (Barczak, Griffin, & Kahn, 2009). At
the same time, companies have had to address challenges that increase product
development cycle times, such as increases in product complexity, assembly
process steps, and performance requirements (Griffin, 2002).
The typical way to manage NPD is through systematic and repeatable
processes (Cooper & Kleinschmidt, 2007; Ulrich & Eppinger, 2008) that have
become the norm in product development organizations (Barczak et al., 2009; Ettlie
& Elsenbach, 2007). A repeatable product development process enables an
organization to manage, direct, and accelerate the development of products.
Development processes have evolved from early development-focused designbuild-test thinking to include the business and managerial aspects of development.
These steps include, e.g., portfolio management, idea screening, business case
calculation, and follow-up of product launch. (Cooper, 2001; Cooper, 2009)
With the introduction of portfolio and product management into product
development, a further need has emerged in scientific literature to differentiate
development of different types of products between different product development
processes. Development projects -- which create new platforms, new product lines,
new iterations, or just minor technical improvements -- can be developed with
tailored processes to suit the specific needs of the project type. (Cooper, 2009;
Jarratt, Eckert, Caldwell, & Clarkson, 2011) For example, there is no need to utilize
a heavy, time-consuming management review process for minor technical
17

improvements, so these projects can remove that part from the process. The ability
to modify and adapt the normative NPD process can be a source of innovation for
companies and provide a competitive advantage (Ettlie & Elsenbach, 2007).
In reality, companies are not always using separate development processes to
manage different types of development projects. Instead, they attempt to use the
same development process to create products that do not necessarily fit the scope
of that process. When all development projects are created using the same project
portfolio, development process and resources, there are bound to be clashes when
sudden development needs are prioritized over long-term development projects.
There are several ways in which companies have tried to respond to the
challenges faced by their product development organizations, many of which focus
on speeding up the entire development process to enable its use in all types of
projects (Clift & Vandenbosch, 1999; Cooper, 2016; Kessler & Chakrabarti, 1999;
Langerak & Hultink, 2008; Millson, Raj, & Wilemon, 1992). Cycle time
improvements can be sought from improvements in the development process
(Cooper, 2014), inclusion of suppliers and users (Flint, 2002; Langerak & Hultink,
2008), and product modularity (Danese & Filippini, 2013; Jacobs, Droge, Vickery,
& Calantone, 2011), among other aspects. However, some methods of speeding up
radical development projects may be ineffective or even lengthen the development
speed for more incremental projects (Kessler & Chakrabarti, 1999), as some
methods that work in one organization may not work in others.
Lately, the integration and use of agile methods from the software development
community have been of interest in product development literature to increase the
speed and efficiency of product development processes (Cooper, 2016; Rigby,
Sutherland, & Takeuchi, 2016; Sommer, Hedegaard, Dukovska-Popovska, &
Steger-Jensen, 2015). The adopted agile practices in product development include
iterative development cycles, customer focus and process flexibility, among others.
This combination of agile methods in product development has also been called
flexible product development (Smith, 2007), and the integration of best practices
between product development and software development has been of interest also
in the software community (Karlstrom & Runeson, 2005).
In product development, the discussion of utilizing agile methods has been
revolving around agile-stage-gate hybrids (Cooper, 2016) and the adoption of agile
methods into a full-scale NPD process. However, as most product development
projects are not new-to-the-world anymore (Barczak et al., 2009), there is further
need to study the use of the methods in small-scale product development projects
as well.
18

For companies working in the business-to-business (B2B) environment,
product development needs can often emerge suddenly through customer requests,
sales input or internally within a company. These product development projects are
referred to in this dissertation as rapid product development project’. The nature of
these needs often involves minor changes to current products to improve the
companies’ market position or to agree on a large sale with a customer. The average
product development lead time of B2B companies’ NPD processes can be over two
years (Griffin, 2002), which is too slow to respond to these rapid development
needs. That is why over 75 percent of top-performing businesses use some form of
scalability in their development processes (Cooper & Edgett, 2012), but there is a
lack of empirical research on how companies actually conduct rapid product
development projects.
This dissertation attempts to address these issues by studying how companies
conduct rapid product development projects and how agile methods could support
these types of development projects.
1.2

Objectives and scope

For a company to be able to respond to all types of product development needs, it
must have a responsive model of product development to implement fast, iterative
projects. Although companies conduct these types of projects on a regular basis,
more understanding is needed on how to do this successfully. Research into
combining the use of agile methods for use in these types of product development
models is relevant, as their benefits have been widely acknowledged in product
development literature. Product development literature often includes the
development of both physical products and services. This dissertation’s research
and empirical scope focus on the product development of physical products,
although the results can be applied in service development as well.
The dissertation’s objective is to increase scientific knowledge and
understanding of the use of agile development methods in rapid product
development projects, and in the implementation of a rapid product development
model.
The research problem of the dissertation can be formulated as follows:
How can companies support rapid customer- or sales-initiated product
development projects with agile software development methods?

19

The research problem has been split into five separate research questions. Answers
to these research questions build knowledge and understanding gradually to address
the research problem stated above. The research questions approach the research
problem first by studying the connection between agile methods and product
development in general. They also investigate the difficulty of applying new
product development models from an agile perspective. In addition to finding the
connection between agile methods and product development, the research
questions aim to define the new “rapid development” model as a separate product
development model to support customer- or sales-initiated projects that require
rapid delivery. Finally, the research questions combine these aspects to address the
broader research problem. This dissertation’s research questions are shown in table
1.
Table 1. Dissertation’s research questions.
RQ# Research question
RQ1 How can agile development methods complement product development models?
RQ2 How should the application of new development models be supported from a cultural standpoint?
RQ3 How should product development organizations approach rapid development projects?
RQ4 How should rapid development be defined as a product development model?
RQ5 What is the relationship between rapid development success factors and self-management?

Answers to these five research questions presented in table 1 are established based
on four separate publications. The research questions’ answers are presented in this
dissertation, which combines the individual results from the publications to answer
the research problem stated earlier. The first three research questions are answered
respectively in publications I, II and III, while the answers to RQ4 and RQ5 are
answered jointly in publication IV. All original publications have been subject to
peer review before publishing. The original publications and their relation to the
research questions are presented in table 2.

20

Table 2. Original publications in relation to the research questions.
Publication RQ#

Title of original study

I

RQ1

Supporting Lean Software Enterprises with Agile Parallel and Cloud Computing

II

RQ2

III

IV

RQ3

Publication forum

development methods

Research

Challenges in Assessing Agile Methods in a

International Journal on Advances

Multisite Environment

in Software

Organizing product development for rapid

Proceedings of the 22nd ICE/IEEE

response. A case study on approaches towards

International Technology

unexpected product development needs

Management Conference

RQ4,

Characteristics of self-managing teams in rapid

International Journal of Value

RQ5

product development projects

Chain Management

Each publication presented in table 2 is an integral part of this dissertation.
Although the publications’ content also includes topics and results that are outside
the scope of this dissertation, the selected results are combined in this dissertation
to provide evidence to address the presented research problem.
The four publications and related research questions approach the research
problem and dissertation’s main focus from two separate perspectives. The first two
publications and research questions present results on how agile methods support
and are connected to new product development in general. Publications III and IV
present results on RQ3, RQ4, and RQ5 by defining the rapid development model
and the relationship between agile methods and rapid product development. RQ3
and RQ4 focus on the definition of the rapid development model and how it should
be separated from other product development models. RQ5 combines the two
perspectives and ties the results together to formulate the answer to the research
problem. The relationship between the research questions and the formulation of
the dissertation is presented in figure 1.
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Fig. 1. Relationship of research questions within the dissertation.

1.3

Research philosophy

From a scientific perspective, it is important for a researcher to define a study’s
research philosophy to make it easier to understand and evaluate, both for the
researcher’s peers and for the researcher himself. Research philosophy refers to a
system of beliefs and assumptions about the development of knowledge. This
includes epistemological and ontological considerations and the research approach
itself. (Lancaster, 2005; Saunders, Lewis, & Thornhill, 2016).
Epistemology in research considers what can be regarded as acceptable
knowledge in a discipline and whether society can be studied according to the same
principles used in the natural sciences (Bryman & Bell, 2007). The epistemological
perspective on any research should be plotted along the axis outlined by positivism
and interpretivism. Positivism is an epistemological position derived from natural
science, which takes the view that only phenomena (and knowledge) that can be
confirmed objectively by the senses can be genuinely classified as knowledge. In
contrast, interpretivism takes the view that the subject matter of social sciences is
fundamentally different from that of natural sciences and therefore can (and should)
22

be studied subjectively as well (Saunders et al., 2016). The epistemological view
of this dissertation leans toward interpretivism. Interpretations from both the
research subject and researcher often can influence management research,
especially when using qualitative research methods. However, these influences can
and should be considered when assessing research.
Ontology is concerned with the nature of social entities and whether they (e.g.,
an organization) should be considered objective entities with external qualities, or
social constructions built from the perceptions and actions of social actors (Bryman
& Bell, 2007). Similarly, as in epistemology, there are two opposing views on
ontology that help position the ontological perspective of a study along an axis
between them. These opposing views are known as objectivism and subjectivism
(also known as constructionism) (Bryman & Bell, 2007; Saunders et al., 2016). The
objectivist view of ontology regards social reality as external to social actors (such
as people), and that social phenomena exist like physical phenomena with
measurable qualities. The interpretations and experiences of social actors do not
influence the existence of the social world; thus, there is only one, true social reality
that all social actors experience (Saunders et al., 2016). The subjective view of
ontology asserts that social phenomena and their meanings are continually shaped
by social actors who view them subjectively. Therefore, social reality derives from
the perceptions and consequent actions of social actors (Bryman & Bell, 2007;
Saunders et al., 2016). The ontological perspective of this dissertation can be stated
as pragmatism, which, on the ontological axis, is situated somewhere between
objectivism and subjectivism.
Pragmatism asserts that concepts are only relevant when they support action
(Saunders et al., 2016). Theories, concepts, and research findings should not be
considered abstract forms, but viewed through their influence on action and
practical use. Research methods should not be limited to those used in natural or
social sciences, but should be chosen based on their applicability to the research
problem. Ontologically and epistemologically, the research subject at hand has
objective and measurable quantities for sure, but it would be unwise not to consider
the social aspects of the issues, as it is always social actors who implement these
phenomena. As the research in this dissertation and in its four original publications
is almost completely qualitative, researcher subjectivity must also be considered
when evaluating the results, as the researcher’s own understanding may have some
effect on the study’s results (Eisenhardt, 1989; Kasanen, Lukka, & Siitonen, 1993;
Yin, 2013).
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In addition to epistemology and ontology, a study’s research strategy should
be considered alongside the research philosophy of a study. This consideration
includes the decisions between inductive and deductive methods of investigation,
and between quantitative and qualitative reasoning and research methods.
Inductive research deduces implications from findings on existing theory as
opposed to deductive research, which tests hypotheses based on existing theory
(Bryman & Bell, 2007; Ghauri & Grnhaug, 2005). In social sciences, inductive
research is used more often, although both can be used in these disciplines.
Inductive research is used more often in exploratory research, whereas deductive
research is more common when testing or confirming theories, making it a
confirmatory approach. (Bryman & Bell, 2007; Myers, 2013)
Qualitative research methods have been developed in social sciences to help
researchers study social and cultural phenomena. Qualitative methods use various
data sources such as observation, interviews, questionnaires and documents.
Qualitative data can be thought of as recordings of what people have said or thought,
instead of numerical data that quantitative methods use. Qualitative research
methods allow researchers to examine and understand the context within which
decisions take place, which may not always be apparent when using quantitative
methods. The roots of quantitative research methods lie in the natural sciences,
where they have been implemented optimally studying natural phenomena.
Quantitative methods, such as surveys or mathematical models, can be used in
business and management research as well, but their focus leans heavily towards
numbers instead of the human factors behind the numbers. (Myers, 2013; Patton,
2002)
Qualitative research has its critics, especially related to case studies and their
small sample sizes, which can make generalization of theory difficult (Myers,
2013). However, even individual cases can help in theory creation by pointing to
gaps in existing theory and filling them (Siggelkow, 2007; Yin, 2013).
In terms of research approach, this dissertation is formulated as a qualitative,
inductive study based on research results from four original publications. It could
be argued that this research could also have been implemented using quantitative
methods and a deductive research approach. However, the nature of the research
topic was initiated from the business interests of the participating case companies,
which directed that the research strategy be formulated in this way. This
dissertation’s research philosophy is presented in figure 2.
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Fig. 2. Positioning of this dissertation’s research philosophy.

1.4

Research realization

This dissertation’s research data were acquired during three separate research
projects. The first project, Cloud Software Finland, was a large national research
program to help the Finnish software development industry adapt to the changes in
business models, technologies, and organizations from cloud computing. Part of
this project entailed researching the scalability of agile development methods and
the use of lean principles in software development organizations. Research for this
dissertation began during the Cloud Software Program and provided research data
for publications I and II. Research data for publications III and IV were gathered
from two joint research projects: Rapid Development I (RaDe I) and Rapid
Development II (RaDe II). These two projects were industry-led projects to
improve participating companies’ abilities to respond to rapid product development
needs initiated directly by customers or sales. The realization of the research is
depicted in figure 3.
The first original publication answers the first research question of this
dissertation. The publication studies the relationship between agile development
methods and lean thinking, and provides evidence that agile methods help improve
efficiency in product development. This article establishes a literature-based
framework for utilizing lean principles in a software enterprise, and evaluates this
framework’s feasibility by comparing it with two large, international software
development organizations’ lean and agile software development implementations.
The comparison is achieved through semi-structured interviews (Wengraf, 2001).
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Fig. 3. Dissertation’s research process.

The second original publication of this dissertation answers RQ2. It describes a
survey study conducted in a software development organization that was
implementing agile development practices within a multisite organization. The
publication focuses on the benefits and obstacles in distributing development work
and in assessing the success of the adoption of new development models. The
survey tool used in the study was a tailored version of the Lean & Agile Assessment
Survey, which was developed during the Cloud Software Finland research program.
The third original publication answers the RQ3 of this thesis and describes a
qualitative case study (Eisenhardt, 1989) into the approaches that companies use
when conducting rapid product development projects. Eight B2B companies’
approaches to decision-making and development in rapid product development
projects were analyzed through interviews (Wengraf, 2001) and focus-group
sessions (Stewart, Shamdasani, & Rook, 2007). The publication analyzes the
companies’ approaches to rapid development in their development processes,
decision-making, and 21 literature-based approaches to shorten development lead
times.
The fourth original publication of this dissertation answers the RQ4 and RQ5
using a cross-case study (Yin, 2013) based on semi-structured interviews (Wengraf,
2001) conducted at seven companies. The study focused on analyzing the use of
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self-managing teams in rapid product development. The article defines the
characteristics of self-managing teams in product development and analyzes case
companies’ rapid development models based on these characteristics. In addition,
the article describes the success factors for the case companies’ rapid development
models, and the relationship between the success factors and self-management.
The research data used in the original publications come from varying types of
companies and business fields. As a whole, the dissertation and related publications
utilize research data from 13 companies. Table 3 presents basic information about
companies that have provided empirical data for this dissertation. Company
information in table 3 reflects the time when the data was gathered, which may
have changed afterward. More data on the case companies can be found in the
publications for which the companies have provided empirical data.
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Table 3. Basic case company information.
ID Field of business1
A Wholesale of information and

Company

Sales

size2

model

Large

B2B

communication equipment
B Computer programming activities

Product offering

Related
publications

HW and SW

I, III, IV

products, services
Large

B2B,

SW products

I

B2C
C Computer consultancy activities

Medium

B2B

SW, Consultancy

II

D Manufacture of other electrical

Large

B2B

HW products

III, IV

Large

B2B

HW products

III

B2B,

HW and related SW III

equipment
E Manufacture of agricultural and forestry
machinery
F Consumer electronics
G Manufacture of machinery for

Large

B2C

products

Large

B2B

HW products

III, IV

Medium

B2B

Project-based

III

mining, quarrying and construction
H Electronics assembly lines and
manufacturing and testing equipment
I

Medium

B2B

Project-based

III,IV

J Treatment and coating of metals

Computer consultancy activities

Small

B2B

Project-based

III

K Manufacture of basic iron and steel

Large

B2B

Raw material

IV

and of ferro-alloys

producer

L Manufacture of electronic

B2B

components
M Security systems service activities

HW products and

IV

related SW
Small

B2B

HW products and

IV

related SW
1

According to the companies’ registered EU NACE classification

2

According to the companies’ amount of personnel, EU Eurostat classification

The research data have also been collected using varying research methods,
although most of the data has been collected through semi-structured interviews.
Compared with the other articles, publication I relies more heavily on earlier
scientific literature. Thus, publication I differs from the others in that it is deductive
in nature. Publication II differs from the others as it utilizes some numerical data
analysis in addition to the qualitative methods used in the other articles. Publication
II’s results are based on a survey study, while the others utilize semi-structured
interviews as their primary method of data collection. The research methods, data
sources and research approaches of the original publications are presented in table
4.
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Table 4. Research data sources of original publications.
Publication RQ#

Data collection method

Data source

Research approach

I

Literature review, semi-

Scientific literature, two

Qualitative

structured interviews

case companies, two

Deductive

RQ1

interviewees
II

RQ2

Survey study

62 respondents from a

Qualitative (with some

single case company

numerical analysis)
Inductive

III

IV

RQ3

Literature analysis, semi-

Eight case companies, 22

structured interviews and

interviews and focus group Inductive

Qualitative

focus groups

sessions

RQ4,

Literature analysis, semi-

Seven case companies, 25 Qualitative

RQ5

structured interviews

interviewees

Inductive

The rest of this dissertation is structured as follows. Chapter 2 describes the
theoretical background of the dissertation and presents research on the topics that
are relevant for the results of this dissertation. Chapter 3 presents the relevant
research contributions of the original publications that are part of this dissertation,
answers the research questions, and synthesizes the research contribution of this
dissertation. Chapter 4 discusses the relevance of the results from both scientific
and managerial aspects, and includes the critical evaluation of the study in addition
to recommendations for further research. The original publications that are part of
the dissertation are included at the end of the printed dissertation in order of
publication.
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2

Theoretical foundation

The focus of this dissertation is to improve existing knowledge on product
development (Cooper, 2001; Morgan & Liker, 2006; Wheelwright & Clark, 1992).
More specifically, this dissertation focuses on smaller product development
projects, which are based on an organization’s existing products. The size of a
“smaller” product development project is relative to the organization that
implements the models and improvements suggested in this dissertation. A small
project at a large corporation, or for a complex market environment, may be a large
project for a smaller business venture. Thus, the product development models and
their improvements presented in this dissertation should be considered in the
context of a specific organization.
The subject of rapid product development projects will be discussed in this
dissertation from the perspective of product development processes (Cooper, 2001;
Ulrich & Eppinger, 2008; Veryzer, 1998), which enable an easier differentiation
between different types of incremental product development projects. The
dissertation’s focus on smaller product development projects is also closely related
to innovation management (Quinn, 1985; Tidd & Bessant, 2009; Trott, 2012), and
more specifically to incremental innovation (Ali, 1994; Dewar & Dutton, 1986),
but these topics are not discussed in detail.
Product development processes, or models, should be managed in the context
of an organization’s strategic and technological management. Therefore, this
dissertation’s context supports the theories of strategic management (M. E. Porter,
1980; Teece, Pisano, & Shuen, 1997), technology management (Khalil, 2000), and
strategic technology management (Burgelman, Maidique, & Wheelwright, 2001;
Schilling, 2010), but within a more limited perspective on product development,
and these topics are also not discussed in detail.
Although this dissertation’s focus is on product development, other research
areas are integral to this study’s theoretical foundation. First, the dissertation
focuses on the impact of agile software development (Cockburn, 2002; Dingsøyr,
Nerur, Balijepally, & Moe, 2012; Poppendieck & Poppendieck, 2003; Schwaber,
2004) in product development. The application of agile software development in
the context of product development is supported by lean thinking (Liker, 2004;
Womack & Jones, 2003), which has impacted the development of product
development both directly (Morgan & Liker, 2006) and indirectly through agile
software development (Poppendieck & Poppendieck, 2003; Poppendieck &
Cusumano, 2012). In addition to lean thinking, many other quality management
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paradigms, such as six sigma (Coronado & Antony, 2002; Harry & Schroeder,
2000), total quality management (TQM) (Ishikawa, 1985; L. J. Porter & Parker,
1993), and business process reengineering (BPR) (Grover, Jeong, Kettinger, &
Teng, 1995; Hammer, 1990), have also made an impact on product development
and software development. However, among these paradigms, lean thinking has
been most adopted in the software development community, which leads to its
focus in this dissertation.
In addition to the aforementioned management topics, this dissertation draws
from the theory of self-management in product development teams (S. G. Cohen,
Ledford, & Spreitzer, 1996; Hoda, Noble, & Marshall, 2010; Patanakul, Chen, &
Lynn, 2012), which is an integral aspect of agile methodologies. The dissertation’s
theoretical foundation and related fields of literature are presented in figure 4.

Fig. 4. Dissertation’s theoretical foundation.

The topics highlighted with darker colors in figure 4 comprise the dissertation’s
theoretical framework. These topics and their relationship to the research topic are
presented in more detail in the following chapters, which will provide for the
detailed framework in which this work is located within the scientific discussion.
The relationship of the relevant topics to the research subject is examined in chapter
2.3. The topics in figure 4 with a lighter background indicate other relevant areas
of the research topic that are not discussed in detail within this dissertation.
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2.1

Product development

The ability to create new products to the marketplace effectively is the dominant
factor in companies’ long-term survival in the marketplace (Cooper, 2001; Ulrich
& Eppinger, 2008; Wheelwright & Clark, 1992). Product development can be
defined as the “set of activities beginning with the perception of a market
opportunity and ending in the production, sale, and delivery of the product”. The
concept of product development not only entails product design, but also extends
to sales, marketing, manufacturing, delivery and finance, among other aspects
(Ulrich & Eppinger, 2008).
Typically, different disciplines employ different approaches to product
development, which include different priorities for products. Production
management wants products to be easy to manufacture, while marketing would like
to ensure that the products meet customer requirements as closely as possible. The
management of product development is combining all these disciplines together in
the most efficient way (Trott, 2012).
2.1.1 Product development process
Although a formal process is highly important for product development to succeed,
it is not enough to differentiate a company from the competition in today’s business
world (Cooper & Edgett, 2012). To differentiate themselves from competitors and
create a competitive advantage, companies today are looking towards organizing
their portfolio management processes to manage multiple projects simultaneously
(Barczak et al., 2009). Additionally, modifying a formal stage-gate process has
become increasingly popular for product development organizations (Ettlie &
Elsenbach, 2007).
A process is a sequence of steps that transforms a set of inputs into outputs.
When a product development process is well-defined, it helps an organization with
quality assurance, coordination, planning, management and overall process
improvement (Ulrich & Eppinger, 2008). The use of a formal NPD process is
associated with top-performing product development organizations (Barczak et al.,
2009). However, merely describing a process is not enough to drive profitability
and success if it is not rigorously followed (Cooper & Kleinschmidt, 2007).
There are several descriptions of the new product development process
(Cooper, 2001; Crawford, 1996; Ulrich & Eppinger, 2008; Veryzer, 1998), which
mainly follow the same basic phases. According to Cooper (Cooper, 2001), the
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product development process includes the following steps: idea discovery, scoping,
building a business case, development, testing and validation, and launch (figure
5). Between each of these steps is a decision-making gate to decide whether to
continue the project or end it.

Fig. 5. NPD process steps according to Cooper (2001).

Often, descriptions of the product development process focus only on the product’s
development. However, before development begins, many steps should be properly
managed to ensure that products under development are strategically viable and
profitable, and match the company’s portfolio. This part is often referred to as the
“front-end” of the development process (Kim & Wilemon, 2002; Koen et al., 2001),
which in Cooper’s NPD process corresponds with the first three stages up until the
development stage. These steps include tasks such as idea screening (Lilien,
Morrison, Searls, Sonnack, & Von Hippel, 2002; Piller & Walcher, 2006),
analyzing product portfolio fitness (Cooper, Edgett, & Kleinschmidt, 2001;
Tolonen, 2016), and business case calculation (Cooper, 2001; Keen, 2011). The
importance of the front-end in the development process should be emphasized
during any process implementation. By ensuring that the front-end of the process
eliminates any projects that may not be suitable for the company, many resources
can be saved during the development stages of product development.
As the use of a formal process has become commonplace, companies are trying
to find methods to speed up their formal NPD processes while maintaining their
efficiency. The reduction in product development cycle-time is a strategic goal for
many companies (Cohen, Eliasberg, & Ho, 1996). Getting products to the
marketplace more quickly than the competition can be a strategic advantage that
elicits increased profits (Smith, 1990). However, potential trade-offs must be
considered when accelerating product development in terms of costs, product
performance, and quality (Crawford, 1992; Smith, 1990).
Prior research has been contradictory in validating individual techniques for
accelerating NPD processes. Langerak and Hulting identified and evaluated nine
literature-based approaches to speeding up NPD, but were only able to find
evidence for five: supplier involvement, lead user involvement, speeding up
activities and tasks, training and rewarding of employees, and simplification of
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organizational structure (Langerak & Hultink, 2008). Zirger and Hartley had even
less success in validating individual acceleration techniques. In their study, only
four techniques out of 12 were found to have made a positive impact on
development speed: cross-functional teams, dedicated teams, fast time-to market
as a development goal, and overlapped development activities (Zirger & Hartley,
1996).
Several other researchers have also assessed the impacts of acceleration
techniques (e.g. Clift & Vandenbosch, 1999; Kessler & Chakrabarti, 1999), with
differing results. However, a more holistic approach should be taken to ensure that
techniques are not just adopted blindly with the hope of faster cycle-times (Clift &
Vandenbosch, 1999). Individual acceleration techniques or localized solutions
might even elicit negative effects if their impact on the organizational structures of
culture is not assessed fully (Zirger & Hartley, 1996). Kessler and Chakrabarti also
found that some techniques that were found to accelerate radical innovation could
even hinder incremental projects, which provides evidence that different types of
development project should be approached with different product development
models (Kessler & Chakrabarti, 1999).
2.1.2 Product development models
While many methods have been suggested to accelerate the NPD process, there are
conflicting research data on such methods. However, the varying nature of product
development does not make it applicable to conduct all product development
projects with a single process regardless of speed (Veryzer, 1998). In B2B
companies, the average lead time of a full-scale NPD process is over two years
(Griffin, 2002), so companies have started to use scalability of the process to ensure
faster lead times for projects they need to deliver more rapidly. As the use of the
formal NPD process has become the norm, most companies are now utilizing some
form of scalability in their product development processes (Barczak et al., 2009;
Cooper & Edgett, 2012).
The scalability of product development in itself is not a novel idea. Innovation
management literature has long made a difference between radical (discontinuous)
and incremental (continuous) innovation (Tidd & Bessant, 2009; Trott, 2012;
Veryzer, 1998). Approaches to radical and incremental approaches can vary widely.
According to Tidd & Bessant (2009), stage-gate models are powerful tools in
incremental innovation, in which new products are based on older technology.
However, the concept of incremental innovation often includes all development
35

projects that are based on existing products. These types of product development
projects can be further differentiated in many ways, such as through entirely new
products (e.g. a new car model based on an existing chassis), new product versions
(e.g. a more powerful engine variant) or cost reduction projects (same sales item
with lower manufacturing costs). Although Veryzer (1998) claims that there is
abundant knowledge on continuous innovation, there are few descriptions on how
to scale product development processes to suit all these types of incremental
development.
One typical solution for scaling the NPD process is by skipping stages or
overlapping decision-making gates (Barczak et al., 2009). The previously discussed
Cooper’s NPD process has been adapted recently to include scalability based on
different incremental development projects (figure 6) (Cooper, 2014).

Fig. 6. Scalable stage-gate process (Cooper 2014).

The updated description of Cooper’s scalable NPD process states that the full-scale
stage-gate NPD process (figure 6) should only be utilized for major, high-risk
developments. A lighter, scaled-down process could be used for moderate-risk
projects, such as significant modifications. Finally, an express version can be used
for minor developments projects, which are the focus of this dissertation. However,
apart from bundling stages and gates together, there is a lack of concrete knowledge
on how to differentiate between these processes (Barczak et al., 2009). Cooper
suggests that the NPD process should be lean, adaptable, and agile (Cooper, 2014),
but lacks the evidence on how companies actually conduct such changes.
To create new technical versions of existing products, many companies utilize
an engineering change management process (ECM) (Jarratt et al., 2011; Wright,
1997). Although ECM is very similar to the “express” version of the stage-gate
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model in its intention to create modifications of existing products, the difference in
these processes is their approach to the company’s product portfolio. The stagegate process and its scalable version are meant to create new sales items for a
company’s product portfolio, while ECM aims to create improved versions of
existing products in the portfolio.
By complementing Cooper’s scaled version of the stage-gate system with the
ECM process (Jarratt et al., 2011), we can separate four different product
development models that are utilized in this dissertation (figure 7). The term
product development model here describes different development approaches that
an organization may have for different types of projects based on size, technical
complexity, or any other quality.

Fig. 7. Product development models utilized in results analysis.

For many companies, all types of minor development projects are approached
through one process. However, more knowledge is required to create entirely new
products than to create new versions of existing products. This knowledge includes
analysis of the supply chain, marketing and manufacturability, among other things.
These issues do not apply to existing products, which can be marketed,
manufactured, and delivered using existing methods. Therefore, there is a need to
differentiate the development processes that create new sales items from the ones
that create new technical versions.
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2.1.3 Application of lean principles in product development
Another way to rethink product development is through the application of lean
principles to its structures, organization and processes. The use of lean principles
does not focus directly on reducing NPD cycle-time, but the effects of lean
principles can provide indirect benefits to product development cycle-times, quality
and costs (Leon & Farris, 2011; Morgan & Liker, 2006; Womack & Jones, 2003).
The application of lean principles to product development is topical with the rising
interest of software development -based agile methodologies in product
development (Cooper, 2016; Rigby et al., 2016). Agile practitioners themselves
have been using lean principles in trying to scale agile principles from an
engineering focus toward a more holistic approach (Larman & Vodde, 2008;
Poppendieck & Poppendieck, 2003).
Lean principles focus on maximizing long-term company profits by focusing
actions on customer value through continuous improvement (Womack & Jones,
2003). The five principles of lean as popularized by Womack and Jones are value,
value stream, flow, pull and perfection. However, no clear consensus exists on how
to define lean product development (Hoppmann, Rebentisch, Dombrowski, & Zahn,
2011). Ward described lean product development through five principles; value
focus, entrepreneur system designer, set-based concurrent engineering, cadence,
flow and pull, and a team of responsible experts (Ward, 2007). Perhaps the most
popular and tested description of lean product development principles comes from
Morgan and Liker (2006), who defined it through 13 principles:
1.
2.

Establish customer-defined value to separate value-added from waste.
Front-load the product design process while there is design space to thoroughly
explore alternative solutions.
3. Create a levelled product development process flow.
4. Use rigorous standardization to reduce variation, thereby creating both
flexibility and predictable outcomes.
5. Develop a chief engineer system to integrate development from start to finish.
6. Organize to balance functional expertise and cross-functional integration.
7. Develop towering technical competence in all engineers.
8. Fully integrate suppliers into the product development system.
9. Build in learning and continuous improvement.
10. Build a culture to support excellence and relentless improvement.
11. Adapt technology to fit your people and your processes.
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12. Align your organization through simple, visual communication.
13. Use powerful tools for standardization and organizational learning.
The application of these lean principles is similar in all types of organizations
(Womack & Jones, 2003), and in product development, they can be viewed as
combatting traditional stage-gate models holistically. This has attracted the
attention of the agile movement, which, in turn, challenges the waterfall model of
software development processes. According to Leffingwell, the use of lean thinking
in development work is a driver toward agile methods. Coincidentally, in software
development literature lean development is viewed as part of the agile movement
(J. Highsmith & Cockburn, 2001; Leffingwell, 2007).
More recently, another popular adoption of lean principles in development has
been described through the concept of lean startup (Blank, 2013; Ries, 2011). Lean
startup translates lean principles into business and product development during
early phases of a company by focusing on similar principles as lean in general (Ries,
2011). However, the focus of lean startup methods is on radical innovation and
disruptive businesses and technologies (Ries, 2011). Although elements of the lean
startup concept can and are being utilized in larger corporations (Blank, 2013), their
use in rapid product development or other similar settings has not yet been
described well.
2.2

Agile development methods

Agile movement, or the introduction of agile development methods into the
software development (SWD) community, began to gain traction after the creation
of the agile manifesto in 2001 (Beck et al., 2001). However, before the manifesto
was published, descriptions of some SWD methodologies that are now considered
part of the agile movement (e.g., Beck, 1999; Schwaber, 1997) were already
published. Rapid application development (RAD) (Martin, 1991) can be considered
one of the influences behind the current agile principles. Although its name
resembles the title of this research, it should be noted that RAD is not the focus of
it, as it is not considered to be among the most used agile methods currently
(VersionOne, 2016). Similarly, rapid development has been used by McConnell to
describe another approach towards software development (McConnell, 1996), but
this approach does not bear any significant resemblance to the research.
The agile manifesto, published online, was the collaborative agreement among
agile practitioners as to what they viewed as valuable SWD principles. In addition
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to the manifesto itself, 12 principles were included that describe the agile way of
working (Beck et al., 2001):
1.

Our highest priority is to satisfy the customer through early and continuous
delivery of valuable software.
2. Welcome changing requirements, even late in development. Agile processes
harness change for the customer's competitive advantage.
3. Deliver working software frequently, from a couple of weeks to a couple of
months, with a preference to the shorter timescale.
4. Business people and developers must work together daily throughout the
project.
5. Build projects around motivated individuals. Give them the environment and
support they need, and trust them to get the job done.
6. The most efficient and effective method of conveying information to and
within a development team is face-to-face conversation.
7. Working software is the primary measure of progress.
8. Agile processes promote sustainable development. The sponsors, developers,
and users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
10. Simplicity--the art of maximizing the amount of work not done--is essential.
11. The best architectures, requirements, and designs emerge from self-organizing
teams.
12. At regular intervals, the team reflects on how to become more effective, then
tunes and adjusts its behavior accordingly.
Agile methodologies is an umbrella term for SWD methodologies that follow these
principles, or the ideas behind them. They can also be described more simply as
SWD methodologies that are incremental, cooperative, straightforward and
adaptive (Abrahamsson, Salo, Ronkainen, & Warsta, 2002). The motivation to
implement agile methods includes adaptability to change, short time frames of
releases, continuous feedback from customers, high quality and bug free software
(Rao, Naidu, & Chakka, 2011).
2.2.1 Use of agile development methods in product development
There has been considerable interest in applying agile methods in varying fields
outside of software development recently. For example, agile methodologies have
been utilized in marketing, human resources and warehousing and project
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governance, among other functions (Rigby et al., 2016). However, regarding
terminology, agility has been used in management even before its introduction in
software development, e.g., in theories on agile manufacturing (Naylor, Naim, &
Berry, 1999; Yusuf, Sarhadi, & Gunasekaran, 1999) and agile enterprise (Dove,
1999). Similarly, many other concepts adopted by the software community, such as
Scrum (Takeuchi & Nonaka, 1986), Kanban (Ohno, 1988) and lean development
(Womack, Jones, & Roos, 1990), have their roots in product development or
manufacturing. Today the adopted and evolved concepts are influencing
management outside the software development environment.
Similarly, agile has affected product development work outside the SWD
environment (Cooper, 2016; Karlstrom & Runeson, 2006; Sommer et al., 2015).
One of the primary reasons for this shift is the increase in integrated SW in products
and the integrated product development that comes with it (Boehm, 2006).
Increasingly, products cannot be developed as software or hardware products, but
combine both aspects. When product development must apply both aspects, it is
only natural to adopt product development processes that incorporate the best of
both HW and SW development.
The recent introduction of agile into mainstream product development
discussions (Cooper, 2016; Rigby et al., 2016) highlights the interest in agile
methodologies. However, there is little empirical evidence in scientific literature
on the application of the methods. In a systematic literature review, Punkka
identified only 10 studies that examine the use of agile methodologies in HW
development (Punkka, 2016).
Rigby et al. (2016) describe the benefits of agile through self-management and
customer-focus, which can accelerate profitable growth. However, they note that
the “craze” of going agile has frustrated many organizations that apply agile in
unsuitable situations, and because many managers fail to understand the underlying
principles and cultural changes that agile elicits. Rigby et al. highlight the fact that
agile is best suited in processes which require innovation and that an organization
should not force a specific methodology or practices on teams that are not interested
in them. Specific methodologies, such as Scrum, may provide for a good starting
point, but the best teams develop their own best practices over time.
According to Cooper, agile methodologies work well together with stage-gate
hybrids under certain conditions. A hybrid agile-stage-gate system can
accommodate uncertainty, accelerate development and improve customer focus.
However, in his description, these hybrids only work under certain conditions and
must be supported by dedicating teams to individual projects and co-locating the
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development team (Cooper, 2016). There are also limitations on the use of certain
agile practices in HW development. For example, the development of SW is
divisible to almost infinitely small sections (individual lines of code), which is not
feasible to the same extent in HW development. This causes some applicability
issues for time-boxed sprints that should always end in a “ready” or “done” concept.
Before the current interest in the application of agile methodologies in NPD,
Smith analyzed how product development teams can utilize agile methodologies
outside SWD (Smith, 2007). In his view, agile methods translate to flexible product
development, which can greatly benefit traditional NPD methods. Again, Smith
emphasizes the co-location and self-management of the development team, while
also highlighting that iterative development is the key to flexibility in NPD. In his
view, flexibility deemphasizes structured project management and NPD processes,
benefitting the development team.
Similar themes persist in all descriptions of agile in NPD: focusing on the selfmanagement of the development team, co-location to support efficient
communication and improved customer focus by applying the agile methodologies.
Although Smith provides specific instructions on how to implement his flexible
NPD, no clear restrictions exist on which practices to use and which to avoid. An
additional advantage in the use of agile methodologies in product development
comes from the fact that many of them discuss certain practices or collaboration
techniques to use in development, but do not provide explicit guidance in
engineering practices. This enables the use of the methodologies or their practices
in other environments as well. Naturally, this does not apply to all practices or
methodologies. XP, for example, has many SWD specific practices, which do not
apply to other environments.
2.2.2 Agile methodologies
Numerous agile methodologies have been described (Abrahamsson et al., 2002),
but the majority of companies opt to use Scrum, XP, Kanban, or some form of
hybrid system comprised of these three (VersionOne, 2016).
Scrum (Schwaber & Beedle, 2002; Schwaber, 2004) is currently the most
widely known and used agile methodology (VersionOne, 2016). However, the first
description of a Scrum team was in an article about flexibility in traditional new
product development (Takeuchi & Nonaka, 1986), which influenced the use of this
metaphor in agile methodology.
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As defined by Schwaber and Beedle (2002), Scrum is a “management and
control process that cuts through complexity to focus on building software that
meets business needs”. Although its early descriptions and most of its
implementations revolve around SWD, it does not focus heavily on software
engineering practices themselves. Instead, it focuses on how to set up development
teams and their daily practices to support agility.

Fig. 8. Scrum process (Schwaber and Beedle, 2002).

The core of Scrum is the iterative development process (figure 8), which is
implemented through a self-managing team (Schwaber & Beedle, 2002). Scrum
also describes several roles, practices, and artifacts that are implemented to follow
the Scrum process. Detailed descriptions of the process can be found in the book
Agile software development with Scrum (Schwaber & Beedle, 2002). The Scrum
methodology focuses primarily on the team level, but descriptions on how to scale
agile development in a larger SWD organization typically include scaled-up
versions of Scrum practices (Larman & Vodde, 2008; Leffingwell, 2007).
Another popular agile methodology is extreme programming (XP). Unlike
Scrum, XP describes many programming practices that focus directly toward
improving SWD speed and quality (Beck, 2000). Perhaps that is why few
companies apply XP alone, typically combining it with Scrum (VersionOne, 2016).
XP defines 12 practices that should be utilized in SWD (table 5, for detailed
descriptions, see e.g., (Beck, 2000)).
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Table 5. 12 practices of extreme programming.
Practice

Description

The Planning Game

Quickly determine the scope of the next release by combining business priorities
and technical estimates. As reality overtakes the plan, update the plan.

Small Releases

Put a simple system into production quickly, then release new versions on a very
short cycle.

Metaphor

Guide all development with a simple shared story of how the whole system

Simple Design

The system should be designed as simply as possible at any given moment.

Testing

Programmers continually write unit tests, which must run flawlessly for

works.
Extra complexity is removed as soon as it is discovered.
development to continue. Customers write tests demonstrating that features are
finished.
Refactoring

Programmers restructure the system without changing its behavior to remove
duplication, improve communication, simplify, or add flexibility.

Pair Programming

All production code is written with two programmers at one machine.

Collective Ownership

Anyone can change any code anywhere in the system at any time.

Continuous Integration Integrate and build the system many times a day, every time a task is completed.
40-hour week

Work no more than 40 hours a week as a rule. Never work overtime a second
week in a row.

On-site Customer

Include a real, live user on the team, available full-time to answer questions.

Coding standard

Programmers write all code in accordance with rules emphasizing communication
through the code.

XP practices focus on programming work and are not intended to be used outside
of programming work. However, the benefits of these practices can be limited if
they are only utilized in programming.
In addition to Scrum and XP, Kanban is another popular agile methodology
that has been gaining interest within SWD organizations (VersionOne, 2016).
Kanban is described as a system that introduces lean principles into technology
development and IT operations (D. J. Anderson, 2010). Like many other
management or process improvement implementations, Kanban is not only a tool
but also a methodology. Anderson. the primary author of software Kanban, makes
a clear difference when talking about Kanban methodology (capital “K”) and the
kanban tool (small “k”) not to mix the tool with the methodology. Although its
roots are in the agile movement, Kanban has been specifically described as
inducing lean outcomes in an organization. The properties of Kanban in software
development are (D. J. Anderson, 2010):
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–
–
–
–
–

Visualize workflow
Limit work-in-progress
Measure and manage flow
Make process policies explicit
Use models to recognize improvement opportunities

To support the properties of Kanban, the methodology encourages selfmanagement of teams’ work to reduce “coordination costs” during development
work (D. J. Anderson, 2010). However, for teams to be able to self-organize, they
need to have information on the team members’ status to organize. In Kanban, this
is achieved through visualization of workflows and value stream. (D. J. Anderson,
2010) Like Scrum, the Kanban methodology does not require the use of specific
tools to implement its properties. Instead, it provides steps such as “focus on quality”
and “reduce work-in-progress”, which can be implemented in many ways. In
Kanban’s view, “one size fits all” methodologies do not work because they fail to
consider the varying qualities of teams, projects, and organizations.
The application of agile methodologies does not restrict the use of other
practices, and, like in the case of Scrum and Kanban, even encourages seeking
supporting and applicable engineering practices to complement them. In many
ways, agile methodologies should be viewed as a cultural change, although many
managers make the mistake of assuming that they are mere practices (Poppendieck
& Poppendieck, 2003; Rigby et al., 2016).
2.2.3 Self-management of development teams
The characteristic of self-management (or self-organization) of the development
team persists across agile methodologies and in their suggested application to
product development. The utilization of self-managing teams is at the core of agile
methodologies (Hoda et al., 2010; Moe, Dingsoyr, & Dybå, 2008) and is one of
their success factors (Chow & Cao, 2008), which is why it is a good reference point
in applying agile methodologies in product development. The benefits of selfmanaging teams come from productivity improvement, cost savings, performance
effectiveness, and employee satisfaction (S. G. Cohen et al., 1996), but the use of
self-managing teams is not applicable in all situations, and conflicts in
communication can cause the teams to become ineffective (Langfred, 2007).
There are several descriptions for self-managing teams, which vary in their
scope of application (e.g. S. G. Cohen et al., 1996; Takeuchi & Nonaka, 1986;
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Wellins, 1991; Wheelwright & Clark, 1992). In agile methodologies, selfmanagement of the development team is built into the principles of agile (Beck et
al., 2001) and its use is encouraged. However, agile methodologies themselves do
not always provide clear descriptions of how self-managing teams should be
implemented (Hoda, Noble, & Marshall, 2012).
Self-managing teams can manage their own workload, shift work among
themselves, and participate jointly in decision-making (J. A. Highsmith, 2004).
According to Wheelwright and Clark (Wheelwright & Clark, 1992), self-managing
teams can also influence their own working practices, which is a similar view of
agile methodologies on the working practices of the team (Schwaber, 2004).
One key aspect of a self-managing team is its cross-functionality (S. G. Cohen
et al., 1996; Schwaber, 2004; Takeuchi & Nonaka, 1986). Having all required
development competencies within the team enables it to make decisions regarding
its own work. If the team does not have all functionalities needed to finish its task,
it cannot fully organize all the tasks needed to complete product development
projects (Brettel, Heinemann, Engelen, & Neubauer, 2011).
Co-location of the self-managing team is also encouraged and emphasized in
agile methodologies (Beck et al., 2001). Co-location enables fast and efficient
communication within the development team and facilitates sharing of all
information (Takeuchi & Nonaka, 1986). The use of shared spaces to enhance faceto-face communication is also mentioned in agile methodologies (e.g. (D. J.
Anderson, 2010; Schwaber, 2004). However, some research suggests that
utilization of shared spaces, while beneficial, may not be as integral to the success
of the agile as self-management and face-to-face communication (Chow & Cao,
2008).
2.3

Summary of theoretical background

Literature shows that there is increasing interest in finding novel ways of creating
products more rapidly (Griffin, 2002). However, the acceleration of the product
development process has always been in companies’ interest to remain competitive
in the marketplace. Now, companies are looking into modifying the formal
processes that they utilize and trying alternative, rapid processes to create minor,
incremental projects (Cooper, 2014). The use of formal stage-gate-type NPD
processes has become mainstream, but their use does not make companies stand
out from their competition (Barczak et al., 2009). Some solutions are offered on
how to use separate product development models to achieve this competitive edge,
46

but there is a lack of empirical evidence on how companies actually approach the
issue.
The use of agile methodologies has elicited increasing interest, as companies
have recognized the improvements that they can provide for development
organizations (Cooper, 2016; Rigby et al., 2016). The increasing integration of
software in products has also increased interest in agile methods, as the
development processes of physical products and software need to be synchronized
(Boehm, 2006). Similarly to the literature in product development models, there is
evidence and support for the application and combination of agile methodologies
in product development (Karlstrom & Runeson, 2006; Sommer et al., 2015), but a
lack of empirical evidence on how to do so (Punkka, 2016).
Earlier literature suggests that the use of self-managing teams is one of the
most significant aspects in applying agile methodologies in product development.
This literature also suggests there is a correlation between the use of agile
methodologies and rapid product development models. This creates a more specific
interest in studying the application of agile methodologies in rapid product
development projects through the characteristics of self-managing teams.
These two topics of scientific relevance are combined in this dissertation. First,
the dissertation studies the connection of agile methodologies and product
development. Evidence for the connection is provided through literature review and
empirical analysis. Second, the dissertation studies companies’ practical
approaches toward rapid product development projects, including analysis on how
companies utilize different models of product development in rapid product
development projects and on identifying the potentially beneficial practices in these
models.
The two topics are combined to enhance scientific literature on product
development. The connection of agile methodologies and rapid product
development is studied more specifically through the characteristics of selfmanaging teams in rapid product development projects, as their use is seen to be
crucial in the application of agile methodologies in product development processes.
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3

Research contribution

This chapter presents the dissertation’s research contribution. Chapters 3.1-3.4
present the contributions of the original four publications to the thesis in order of
the publications’ appearance. Chapter 3.5 presents a summary of these
contributions and the collective research contribution of this thesis.
3.1

Connection between agile methods and product development

Publication I answers the first research question of this thesis. Literature review of
lean thinking and agile methods indicate that the two methodologies have very
different origins, but are used for a very similar purpose. Lean thinking and lean
principles originated at manufacturing companies to improve their quality and
efficiency by focusing on customer value. Agile methods, on the other hand,
originate from software development, but focus on producing working software for
customers. However, both methodologies focus on a complete paradigm shift in
how a company should approach producing its goods or services for customers and
both share many similarities in their applications and practices.
The study’s findings emphasize the similarities between lean and agile
principles, and they support earlier literature by stating that lean and agile
methodologies complement each other in a software development context. The
study also notes that both lean and agile implementations are often misinterpreted
as implementing the tools and practices that support these methodologies, instead
of holistic approaches and cultural changes that accompany them. Lean and agile
methodologies support an organization by providing maximum value to its
customers, but there are no specific methods that are required to be used in either
of them. Each organization should select the most optimal lean or agile tools for its
own organization and extend the knowledge of the methodologies further than the
development team itself.
Lean and agile methodologies should be viewed as cultural changes, and the
role of people and culture should be emphasized in adopting these methodologies.
During empirical validation of a literature-based framework for utilizing lean
principles in a software enterprise, it was established that cultural transformation
was the major obstacle during lean and agile implementations.
The first research contribution of publication I to this dissertation is support for
the theoretical view that agile methods help an organization maximize customer
value and provide efficiency in development work. Agile principles, tools and
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methods can be used to focus a development team’s efforts toward customer value.
Agile principles do not necessitate the use of specific tools or practices, but any
development practices that are selected should utilize the agile principles.
The second significant contribution of the publication is the finding that
business planning and decision-making organizations should be aware of and
knowledgeable in the development models that they use. Development tools and
practices may be useful in providing customer value or efficiency, but these gains
are lost if the tools are being used in doing the wrong things. Business decisions
must be made with full knowledge of the development models in use, as well as
when they should be used. Agile, like other methodologies, is not enough when
used on a team level and but must be further integrated into the governance models
of development to get the full benefits of the methodology. Agility must also be
incorporated into decision-making prior to development, or the efficiency that is
gained in development is lost even before a project is launched.
The third contribution of the publication is support for viewing agile methods
as a cultural methodology, instead of a tool or practice approach. Understanding
the reasons behind the adoption of methods, practices, or tools is the most important
aspect of adoption. Many organizations adopt new processes or practices because
they have been successful elsewhere. However, without supporting or even
focusing on cultural change, the benefits and efficiency of agile methods are not
put to full use.
3.2

Managing and supporting implementation of new development
models as cultural changes

Publication II of this dissertation answers RQ2. The publication provides support
for the importance of communicating the benefits of new development models
throughout organizations. This supports the notion set in the first publication that
any development practices should be supported with cultural changes that need to
be communicated and understood within the organization outside of development
teams.
The second publication describes a survey study conducted in a software
development organization that was implementing agile development practices in a
multisite organization. The study’s results indicate that process improvement and
the implementation of new development models should be supported with adequate
resources after the adoption. The nature of development model implementations as
cultural changes necessitates proper support for cultural change well after adoption
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to ensure that the new model achieves full benefits, instead of reverting back to old
practices with a new label. In the case organization, suggested improvements after
the first survey round had not been implemented because of resource constraints in
process improvement. This resulted in development teams’ lack of faith in the
improvement activities and in the new development model as well.
The results also show that an organization implementing new development
models should communicate the reasons and benefits of doing so openly. This
reduces resistance to change within the organization, helps explain the reasons for
the change, and supports cooperation between organizational levels if people
understand the reasons for the change from other perspectives. In the case
organization, there was much ambiguity on the benefits of the new development
model in terms of quality and speed. As the organization had not disseminated any
data to support the alleged benefits of the change, the development teams had little
knowledge and confidence in the new model’s benefits.
Based on the publication’s research results, the case organization had not
provided ample support for the process changes after its initial implementation,
which reduced trust in the changes over time. The survey results after the initial six
months of implementation were comparable between different sites. However,
during a one-year period after that, the results were diminished at the site that
adopted the changes earlier. Representatives of the case organization admitted that
they did not have enough resources to support continuous improvement activities
while expanding the process changes at other development sites. This manifested
itself as reduced confidence in continuous improvement activities at the site of the
earlier adoption.
The first significant contribution of results from the second original publication
was the importance of measuring and communicating the benefits of new
development model implementations throughout the organization. By properly
communicating why new development models are adopted and what they aim to
achieve, an organization has a much greater chance of succeeding at those goals.
Communicating the purpose of new development models increases the
understanding as to when these models should be used. This understanding is
integral at both the managerial and development levels of the implementations.
Development model implementations have greatly reduced benefits if they are not
expanded to include decision-making bodies outside the development teams. As
mentioned in the results contribution of the first publication, any development
model implementation should focus not on the practices or tools being utilized, but
instead on their principles and purposes.
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The second result contribution of the second publication is the understanding
that any new development model implementations should be considered and
managed as cultural changes. This further highlights the first publication’s
contribution in increasing the understanding of the purpose of implementation
within the organization. Managing new development models as cultural changes
means supporting the changes beyond the original implementation of processes and
practices later. It also means that everybody who is part of implementing new
development models should be aware of the upstream and downstream
requirements in those processes. By considering the development model
implementations as cultural changes, an organization implementing new models
should also prepare for some resistance to adopting these new models and plan for
supporting them appropriately.
A third relevant result contribution of the second publication is evidence of
developers’ preference for co-locating development teams when doing fast,
iterative project work. This preference is typically built into agile methods, such as
Scrum, which was used by the publication’s case organization. However, with
many development organizations expanding across multiple sites both nationally
and internationally, this should be considered when implementing development
models that require fast communication and delivery.
3.3

Approaches toward rapid product development projects

Publication III answers RQ3 of this dissertation and looks into the approaches that
companies use when conducting rapid product development projects. The results
show that companies with product-based offerings have typically identified
different approaches to different size projects, whereas project-based companies do
not, which is why this chapter’s results focus on product-based companies.
The interview results showed that the companies with a product-based business
model have problems responding to rapid product development projects with
current NPD processes. All the product-based companies in the study had identified
a need for a rapid development process that should be more agile and flexible than
their NPD processes. The separation of a rapid development process was also noted
to remove excess projects from companies’ NPD project portfolios, which increases
the effectiveness of the NPD process as well. However, not all companies had been
successful in creating a rapid development process, and in many cases, they
struggled to complete rapid product development projects successfully.
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In terms of decision-making, two distinct findings were made among the
product-based case companies. First, the companies reduced or lightened
managerial reviews during the rapid development process by delegating decisions
to the development team, or enabling decisions to be made by individuals instead
of at board meetings. Secondly, the companies identified the need for knowledge
and the option to clearly select the rapid development process for certain types of
projects during business case analysis. This means that clear guidelines should exist
for selecting the rapid development process beforehand, instead of opting for the
faster process based on a gut feeling. However, only two of the five product-based
companies had been able to define the guidelines clearly, and even one of these two
felt that the rapid development process had become overburdened.
Of the 21 literature-based approaches to speed up product development,
overlapping development stages, lead user involvement, and emphasizing the
customer were applied the most in the case companies. However, by omitting the
responses of the project-based companies, the following approaches were applied
by four or more of the five case companies.
–
–
–
–
–
–

Overlapping development stages
Lead user involvement
Project driven milestone to milestone
Speeding up activities and tasks
Product modularity
Reduction of parts

The approaches presented above show that a multitude of possibilities exist for the
companies to reduce lead time in rapid development. As literature suggests, these
approaches can focus on different aspects, such as process (overlapping
development stages and speeding up activities), decision-making (milestone
thinking), or the product itself (product modularity and reduction of parts).
However, the study is limited in determining whether these approaches are actually
useful and beneficial to apply. The case companies registered varying levels of
success and confidence in their abilities to conduct rapid product development
projects; thus the approaches detailed above cannot be directly applied to create a
successful rapid development process without further validation.
Even though the approaches’ usefulness could not be validated, some distinct
implications can be discussed in implementing a rapid development process. First,
and most importantly from the perspective of this study lies the implication that it
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is, indeed, beneficial and applicable to separate a rapid product development model
for faster customer projects. This separation is shown in figure 9.

Fig. 9. Separation of Rapid Development from New Product Development models
(published by permission of IEEE).

Based on the results of the third publication, rapid development was initially
defined as a complementary product development model for new product
development (NPD). The rapid development model should be used for faster
development needs, and as a way to reduce cycle-time in certain types of projects.
However, rapid development should not be used as a faster way to conduct all
product development projects. It should be noted that NPD (as depicted in figure 9)
can be further split into several product development models or processes, such as
technology development, product platform development, product development, or
product variant development. Rapid development is referred to here as a “model”
because it should not only include the development process, but also related
governance and operational models as well.
The inclusion of governance and operational models brings us to the second
clear implication of the third publication. To be able to select the best product
development model for projects, the criteria for deciding which development model
is suitable for individual projects must be known during the decision-making
process when initiating the projects (shown as the “Front End” in figure 9).
Defining the decision-making rules for product development projects is as equally
important as the definitions of the models and processes themselves because using
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the wrong development model for a project may incur major impacts in cost, quality,
and project lead times.
The rapid development model should not be viewed as a way to “speed up” a
company’s product development. Part of the definition of rapid development, as a
complementary model for NPD, is that it should not become the “normal” method
of conducting product development. NPD processes have a valuable impact ona
company’s profitability and the rapid development model should been viewed as a
way to reduce “clutter” from the NPD project portfolio to focus the right resources
on the right tasks. The rapid development model should not be utilized on every
development project based on existing projects, or even on all small-scale
development tasks, but rather on a specified subset of projects that fulfills predefined criteria set by the development organization. Some examples of these
criteria may include (but are not limited to) the following in table 6.
Table 6. Examples of selection criteria for the rapid development model.
Rapid development criteria Example of criteria
Project scope

No changes allowed in manufacturing, Existing suppliers must supply all
components required

Development lead time

Project lead time estimate cannot exceed four weeks

Product structure

No changes allowed in software modules or hardware module interfaces

Product budget

Cost estimate cannot exceed 100 k€

The third result contribution from publication III is the finding that some companies
have already separated projects into different types of development models, but that
they currently implement this separation without complete knowledge on:
–
–
–

How a rapid development model should be applied.
How to assign development projects between specific development models.
How the decisions to assign projects to certain development models influence
other on-going projects.

The literature-based approaches that the companies used shared similarities, but
could not be verified as being useful and beneficial in conducting rapid
development projects. However, the final result contribution of this publication is
the finding that many of the principles of agile development and lean thinking can
be identified from the most used approaches to rapid product development when
the results are expanded to include project-based companies. Following approaches
were most used to reduce development lead-time considering all case companies:
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–
–
–
–
–
–
–

Overlapping development stages
Lead user involvement
Emphasizing the customer
Define product, technical choices, features through early and rapid prototypes
and beta products to customers
Project driven milestone to milestone
Stages and gates less relevant
Speeding up activities and tasks

Overlapping development stages, emphasizing the customer, early prototyping,
irrelevance of gates and speeding up tasks are all based on agile principles.
Similarly, focusing on customer value (lead user involvement, emphasizing the
customer) and reducing waste (overlapping development stages, stages and gates
less relevant, speeding up activities and tasks) are well aligned with the basic
principles of lean thinking. The approaches shown above can help define the rapid
development model, but these approaches do not yet fully explain all the details.
The approaches toward rapid product development projects in use at the case
companies had multiple elements that differed from literature-based approaches.
3.4

Connection between characteristics of self-management and
rapid product development

Publication IV answers RQ4 and RQ5. In the study described in this publication,
case companies’ rapid development models were analyzed in relation to nine
separate characteristics of self-managing teams. The case companies had varying
implementations of rapid development, with some having more established models
and others conducting rapid product development projects on an ad-hoc basis. Of
the nine characteristics of self-managing teams, the following were found to
support rapid development:
–
–
–
–

Team members are formally assigned
Team members are co-located
Team is not required to follow organizational practices and procedures
Cross-functionality

Formal assignment of team members was found to be utilized in all case companies
and was discovered to be integral to the success of rapid development. Rapid
development team members were also typically highly competent with previous
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knowledge on the product being developed, to ensure a fast kick-off to development.
However, rapid development team members were not allocated to single projects
at any case company because the small nature of the projects rarely allow for people
to work for individual projects for a long period of time.
The second characteristic in support of rapid development was the co-location
of team members. Co-locating was utilized to ensure fast face-to-face
communication and to avoid task handoffs between different sites. Some
organizations also utilized visual management techniques such as Kanban task
boards and information whiteboards to support effective communication during
rapid development.
The third characteristic of self-management in support of rapid development
was “Team is not required to follow organizational practices and procedures”.
However, there was a notable difference in the case companies’ approach to this
characteristic in relation to its description in literature. Companies should allow the
team to operate using its own judgment on technical matters, but the teams must
still follow certain defined steps to ensure new products’ compatibility with, e.g.,
the company’s strategy, product portfolio and quality management.
The fourth and final characteristic of self-managing teams that was found to
support rapid development was cross-functionality. Making the team crossfunctional allows it to conduct the project fully, with its own competences, without
needing it to rely on external knowledge, skills, or functions to complete it. Having
to wait for someone outside the team to conduct work for the project may induce
waiting periods that halt the development for long periods of time. Long halts may
also occur if the rapid product development projects must wait on long approvals
for suppliers or parts, which is why projects requiring these should not use a rapid
development model.
In addition to the characteristics of self-management, the fourth publication
analyzed the success factors for rapid development in the case companies. The
following success factors were found for rapid development:
1.
2.
3.
4.

Dedicating high-competence engineers for rapid development projects
Co-locating the development teams
Effective face-to-face communication
Implementing a defined, but flexible workflow for rapid development

The first common success factor is dedicating competent engineers for rapid
product development projects. This means (1) that individual engineers or
developers should be nominated to be selected for rapid development projects in
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advance and (2), that the engineers should be individually nominated and selected
when the project starts. Nominating individuals in advance allows people to
become aware of the specific nature of rapid development projects, how they
should communicate and collaborate within the project, what kind of limitations
they may have in developing the product, and what kinds of liberties they may take
during development. These individuals should be clear on all of this before any
projects land on their desks to ensure fast project launches. Furthermore, selecting
specific individuals to the team allows for personnel to be familiar with each other
before the project starts, eliminating the need for the team to learn the basics about
the product, each other, or any new skills to conduct the project rapidly. Some
companies in the case study had dedicated line organizations for rapid development
projects, but in smaller organizations, it may be adequate to nominate individuals
from within development functions. In smaller organizations, it is typically not
possible to have engineers separated from other product development projects
merely to conduct rapid development projects.
The second and third success factors were already noted in the characteristics
of self-management. Rapid development teams should always be co-located to
support communication and collaboration. If possible, the team should also be
given a common workspace for the project’s duration. Effective face-to-face
communication should be supported actively by the organization, and
asynchronous forms of communication, such as emails to set up meetings, should
be avoided to reduce unnecessary waiting periods.
The fourth success factor identified was to implement a defined, but flexible,
workflow for rapid development. Workflow, in this case, differs from a process in
a sense that mandatory steps or milestones may need to be implemented in the
workflow, but the team can decide how and when to fulfill these steps and
milestones. Managerial reviews from steering teams should be avoided or limited,
and if approvals are needed, the team should be able to get these approvals from a
manager directly and immediately without the need to schedule a meeting or wait
for a previously scheduled meeting in the near future. The workflow should allow
the development team to make technical decisions by itself, and this should be
fortified by selecting team members who feel comfortable making such decisions.
In some cases, companies reported that certain board meetings that must be for
projects to move forward, but this should be considered when designing the rapid
development model. If a project is too complex for the development team to make
decisions about is, then it should not be launched using the rapid development
model.
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Although they were not the focus of the fourth article, some common barriers
to rapid development were also identified during the case study:
–
–
–

Lack of competent engineers with enough knowledge on the product
Lack of a well-defined NPD process as a basis for rapid development
Lack of rules for selecting between product development models

A lack of competent engineers with enough knowledge of the product is clearly
related to the earlier success factor of having dedicated and competent resources
available. However, this barrier is also related to launching rapid development
projects and should be noted as part of the operational model of rapid development.
If no competent personnel are available, a rapid development project should not be
launched in the first place. If a task that is suitable for rapid development cannot be
started immediately, it may be a valid reason to conduct the project with another
NPD model.
The lack of a well-defined NPD model is a clear barrier to implementing a
rapid development model as well. The rapid development model should
complement NPD models, and it should therefore be based on the NPD processes
of a company to ensure delivery capabilities, supplier capabilities and portfolio
compliance on new products, among other aspects. If the company does not have a
properly defined and followed NPD process in place, there is no reason to assume
that a rapid development model could be launched successfully. The rapid
development model should be designed to ensure similar outcomes than the NPD
process, but by reducing unwanted steps and waiting periods that smaller,
incremental projects do not need during development. However, the development
team must be aware of why, or whether, individual steps in the process can be left
out, which requires complete understanding of the NPD process as well.
The lack of rules for selecting among the models was also found to be a barrier.
There needs to be a clear understanding of what product development model fits
each individual project and why, to ensure that all product requirements are
properly implemented during development. Product management, project
management, or other responsible parties must have clear definitions or rules in
place to be able to decide what development models to use for different types of
projects.
The first significant result contribution from the fourth publication in the
dissertation is the refined definition of the rapid development model: a
complementary new product development model that is utilized for small scale
product development activities, creating new sellable items for the company’s
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product portfolio. The latter part of the definition is to distinguish rapid
development from ECM, the definition of which is very similar to the previous
description for rapid development. The separation of NPD, rapid development, and
ECM models is depicted in figure 10.

Fig. 10. Separation of engineering change management from rapid development and
new product development models.

The reason for specific separation of ECM and rapid development is based on the
fourth publication’s results. ECM is a valuable product development model, but
some case companies in the fourth study had problems creating new, technically
improved product variants and rapid development products with the same model.
When creating new sales items for a product portfolio, many stakeholders may be
affected by the addition of a new item, including sales, marketing, portfolio
management, product management and care services, to name a few. New sales
items should not be added without care, as an expanding product portfolio may end
up cannibalizing itself and incurring costs by including products that are
unprofitable to produce and maintain. Some of the stakeholders listed above may
be affected by ECM as well, but there is a certain level of decision-making that
needs to be aware of the new sales items that can be omitted from ECM decisions.
The previous definition of rapid development mentioned that there may be several
other NPD processes within a company. However, separating ECM as its own
process further supports the definition of rapid development by separating it from
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the process of creating new technical versions of products, which many companies
have already been doing based on research results.
The second significant results contribution of the fourth publication is the
finding that there is significant overlap between the success factors for rapid
development and some characteristics of self-management (figure 11).

Fig. 11. Connections between the characteristics of self-management and the success
factors for rapid development.

The connections between the characteristics of self-management and the success
factors of rapid development show that there are benefits to be obtained from selfmanagement in rapid development models. This also provides a valuable reason to
investigate the connection further by expanding the analysis to compare rapid
development and agile development methods, as agile methods are the reason for
the current interest in self-management in product development.
It should be noted that all characteristics of self-management found in literature
were not found to support rapid development. However, the characteristics that
were not found to support rapid development did not correspond with the
characteristics of agile development methods either.
3.5

Synthesis of the research contribution

The objective of this dissertation was to establish how companies could support
rapid product development projects with agile development methods. In addition,
the goal was to define a new rapid development model to provide efficiency in
product development. This objective was split into five separate research questions,
which jointly address the research problem. The five research questions are
answered through the results contributions by four original publications, which
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were presented in chapters 3.1 – 3.4. The resulting contributions and the answers
to the research questions of the dissertation are summarized in table 7.
Table 7. Summary of result contributions of the original publications.
RQ# Research question

Result contribution

RQ1 How can agile development

(1) Agile methods support an organization by maximizing customer

methods complement

value and providing efficiency in development work.

product development

(2) Implementation of agile or any other new development model

models?

must be integrated into the governance models and business
planning of product development to maximize benefits in the
models.
(3) Implementation of agile methods should been viewed as a
cultural change, instead of a tool- or practice-based approach.

RQ2 How should the application of (1) Implementation of new development models should include the
new development models be decision-making bodies outside of the development teams.
supported from a cultural

(2) Development model implementations should be considered and

standpoint?

managed as cultural changes.
(3) Development teams should be co-located when doing fast,
iterative project work.

RQ3 How should product
development organizations

(1) It is beneficial and applicable to separate a complementary rapid
development model for faster development projects to reduce cycle-

approach rapid development times.
projects?

(2) The criteria for deciding between product development models
must be known during the decision-making process when initiating
the projects.
(3) Companies do not currently have full knowledge of how to apply
a rapid development model
(4) The approaches that companies use to conduct faster
development projects have similarities to lean and agile principles

RQ4 How should rapid

(1) Rapid development is defined as a complementary new product

development be defined as a development model that is utilized for small scale product
product development model? development activities that are based on existing products, creating
new sellable items for the company’s product portfolio
RQ5 What is the relationship
between rapid development

(1) There is significant overlap between the success factors for rapid
development and selected elements of self-management

success factors and selfmanagement?

To answer the first research question, agile methods can complement product
development models by focusing on customer value and providing efficiency in
development work. The use of agile methods should be considered a cultural
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change instead of a tool or practice-based approach. By considering the agile
principles behind the methods, there is a variety of agile development practices that
can be useful in product development context. However, the culture of agility
should remain the focus when adopting these practices, and be extended outside
the development level as well. To achieve maximum benefits from agile methods,
agility must be achieved in decision-making to launch the projects as well.
The answer to the second research question is closely associated with the first
research question. The implementations of new product development models
should be considered cultural changes and should not be considered only as
development level efforts. Communicating the needs and purpose of implementing
new development models ensures commitment from the organization, as well as
cooperation between the managerial and development levels. For example, if the
decision-making processes in launching rapid development projects take four
weeks, achievements in reducing development times from four weeks to two
improve the project cycle time by only 25 per cent. The decision-making processes
must be designed to support the agility of the development processes to ensure
agility and rapid delivery of the development model.
To answer the third research question, it is apparent that companies conduct
rapid development projects all the time, but without full knowledge of how they
should be done or how they affect the lead times of other projects. It was found that
it is beneficial for product development organizations to separate and define a rapid
development model, which can be used in smaller projects based on existing
products. The model should not only include the development process, but also be
combined with a rapid decision-making phase to initiate the projects. To do that,
decision-makers must have a clear set of criteria available as to what kinds of
projects can be implemented with the model. With clear criteria, it can be
determined quickly whether a project can even be launched within the scope of the
rapid development model, after which its business case can be evaluated if needed.
The fourth research question was answered in the fourth publication, which
built on previous work in the third original publication and previous research.
Through extensive and iterative research, the definition of the rapid development
model is stated as a complementary new product development model that is utilized
for small scale product development activities that are based on existing products,
creating new sellable items for the company’s product portfolio.
As an answer to the fifth and final research question, there is significant overlap
between some elements of self-management and the success criteria of rapid
development. These elements share similarities with agile development principles,
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validating the support of both agile development and self-management in rapid
development. There are elements of both cultures that should be considered when
implementing a rapid development model to complement other product
development processes.
By combining the answers to the research questions, significant research
contributions of the original publications and the knowledge within the publications,
the following synthesis can be formed as the result of this thesis (figure 12).
Figure 12 presents the result synthesis in figure form and includes a set of
principles and guidelines for rapid development. However, the set of principles and
guidelines in figure 12 is not intended to be an exhaustive set of instructions for the
application of the rapid development model, but should be viewed as a preliminary
set to implement in an organization’s existing NPD models. A rapid development
model should always mirror an organization’s NPD model and complement it by
reducing the projects from full-scale NPD processes that can be conducted rapidly.
The details of the figure, principles, and guidelines are described below.
Fast, iterative product development projects that result in new sales items
should have a separated product development model to complement other NPD
processes. During the development phase, rapid development should be
implemented as a workflow based on an existing, detailed, and routinely followed
NPD process. The milestones, or required elements of a rapid development
workflow, should also be clearly defined, but a development team should have the
ability and authority to organize its tasks during the process as much as possible.
Review or gate meetings should be kept to a minimum, and project progress should
be ensured without extensive managerial meetings if possible.
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Fig. 12. Result synthesis of the dissertation.
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To facilitate the workflow described above, rapid development projects should be
conducted by teams of previously selected, competent individuals with knowledge
of the product being modified or improved. Nominating the designers beforehand
ensures that the individuals understand the way rapid development projects are
conducted, as well as any possible design restrictions that may be imposed on rapid
development projects. Prior nomination of rapid development individuals also
allows the team members to be familiar with each other prior to any project launch
to ensure effective communication and team formation. The individuals who are
nominated for rapid development tasks do not have to be dedicated to individual
projects, but task switching should be avoided to the extent that it is possible to
allow for fast delivery of rapid development projects. Team selection should also
be done to ensure that the team has the capabilities to complete the project without
external resources. Reducing the amount of external collaboration outside of the
team reduces delays that occur when waiting for external input for project progress.
Rapid development teams should facilitate informal face-to-face
communication to a large extent. Face-to-face communication allows for fast and
efficient flows of information, thereby avoiding confusion and delays because of
communication breakdowns. Team members should always work in the same
physical location to support this form of communication. The organization can also
support rapid development teams by providing shared, co-located working spaces
for the project’s duration.
The rapid development model should extend to decision-making processes as
well to ensure that rapid development time is not hindered by delays in initiating
the project. To support rapid decision-making to initiate projects, an organization
should define clear criteria as to what types of projects can be conducted with
different product development models, including rapid development. Any other
business planning must also support rapid decisions for any rapid development
projects. Other criteria that can be evaluated during the decision-making process to
launch rapid development projects include, e.g., business case calculations, product
portfolio suitability, and resource availability.
The rapid development model should be supported by agile development
methods and the selected elements of self-management described in chapter 3.4.
Agile principles share the same goals as the rapid development model in product
development in providing customer value and efficiency. However, agile methods
or specific agile methodologies (such as Scrum or XP) should not be considered a
direct fit to implement as a rapid development model. Both the implementation of
agile methods and self-management should be considered as cultural changes
66

toward their principles, and the assimilation of any agile tools or practices into
development teams’ work should be assessed on a case-by-case basis.
The principles and guidelines of rapid development proposed in figure 12 share
many similarities with the principles of agile development methods. First, the
implementation of a defined, but flexible workflow bears similarities to many agile
methods, e.g., Scrum, in which the team can modify its own work within iterative
sprints as long as the basic structures of the process are followed. Similarly, the
rapid development workflow should minimize managerial involvement and allow
the development team to make technical decisions and assign tasks.
Cross-functional and co-located teams are also shared principles in rapid
development and agile development methodologies. The ability to share
information rapidly through face-to-face communication is one key facet of agile
and an enabler of fast, iterative development. This benefit can be translated directly
to rapid development and was viewed by the case companies as a key success factor.
The aforementioned disparity in the definitions of agile also makes a rigorous
scientific analysis of rapid development and agile development methodologies
difficult. Additionally, any individual agile methodologies cannot be directly
supported by this research alone, but further analysis could be done to compare the
tools and methods of individual agile methods with the rapid development model.
However, based on the research results, the similarities between the principles of
rapid development and agile development methods are apparent and should be
considered useful for any organization adopting the rapid development model.

67

68

4

Discussion

4.1

Theoretical implications

The results of this dissertation complement existing product development and
innovation management literature in multiple ways. The first significant addition
to product development literature comes from the empirical knowledge on how
companies approach rapid product development projects. The findings agree with
previous literature (Barczak et al., 2009; Cooper & Edgett, 2012; Cooper, 2014) in
that companies use scalability in their product development portfolios. The lack of
proper guidelines on how to scale the product development process is also apparent
from the results. Many of the case companies in this research did not have detailed
instructions on how to conduct rapid product development projects, and some were
conducting them without any processes at all. Therefore, the results of this
dissertation complement Cooper’s scalable model of the stage-gate system (Cooper,
2014) by providing empirical evidence on how to implement a scaled-down
product development system for rapid product development projects. The proposed
rapid development model for companies is a major addition to the current literature,
but its application and guidelines should be further validated in future research to
assess their merits within the scientific discussion.
The results of this dissertation can be used to create a more refined description
of the ECM process (Jarratt et al., 2011; Wright, 1997), in which the creation of
new sales items for the product portfolio would be limited outside the scope of
ECM. Therefore, the results can bridge a gap between the scientific literature on
ECM, stage-gate product development systems (Cooper, 2014) and product
portfolio management (Cooper et al., 2001; Tolonen, 2016). Similarly, the results
can be useful in mapping selection criteria of product development models in terms
of product portfolio management, which would be an interesting area for further
research.
The dissertation’s findings also add significant value to the topical discussion
on the relevance of agile methodologies in product development (Cooper, 2016;
Rigby et al., 2016). A significant contribution of the dissertation in this area of
research is the empirical evidence and conceptual guidelines on how to implement
the use of agile in product development. The dissertation provides this evidence
through analysis of the characteristics of self-managing teams in rapid product
development projects. The results also add some empirical evidence on the
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connection of agile and lean principles, although this connection is already widely
acknowledged (Larman & Vodde, 2008; Leffingwell, 2007; Poppendieck &
Poppendieck, 2003). The findings also support current software development
literature by providing some empirical evidence on the application of lean
principles in a software development context. This supports the view that lean
should be part of the agile movement, and that the principles of lean can be utilized
as such in the software environment as well, as suggested by Womack & Jones
(2003).
As discussed in earlier literature, results have varied on the benefits of
individual methods for accelerating product development projects (Clift &
Vandenbosch, 1999; Kessler & Chakrabarti, 1999; Langerak & Hultink, 2008;
Zirger & Hartley, 1996). This dissertation’s findings are in line with previous
studies in that no individual acceleration techniques can be viewed as a “golden
ticket” towards results. Instead, companies should adopt a more holistic approach
to projects that require faster delivery, like suggested by Zirger & Hartley. The
proposed rapid development model provides one option for such a holistic
approach.
Some more specific implications can also be identified based on the findings.
The results indicate that agile methodologies can be applied to rapid development
teams regardless of their dedication to individual projects. This somewhat
contradicts Cooper’s view, in which he states that for agile teams to work in NPD,
the teams should be dedicated to individual projects (Cooper, 2016). However,
Cooper mainly discusses the use of agile methodologies in the context of
agile/stage-gate hybrids, implying longer and more complex development projects.
According to the results, the specific nature of rapid development projects does not
allow for the use of stage-gate –processes, affecting the applicability of Cooper’s
findings in comparison to this study. The nature of rapid development projects as
short term, cross-functional tasks does not rely on the dedication of the team, as
one team member may only be required to work on a specific project for a short
time.
Rigby et al. said that by applying new development methods only to
development teams the benefits of the changes are limited (Rigby et al., 2016). The
results of this study correspond with their assessment. By implementing individual
practices, an organization can successfully accelerate product development, but this
is not the intention of the proposed rapid development model. The application of
the model should include the decision-making process to initiate the projects, in
addition to the development teams.
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4.2

Practical implications

This dissertation’s findings can be utilized in many ways in product development
organizations, with the results widely applicable to all industrial segments and
perhaps most directly applicable to the development of physical products in B2B
companies. The results’ applicability to service development organizations has not
been evaluated in this dissertation. As the case companies focus on the development
of physical products and software, the results and recommendations applicability
should be analyzed more thoroughly before implementing them in service
development.
The rapid development model can help organizations in the creation of product
variants quickly, even without the use of agile methods to support the development
teams. Similarly, the evidence provided in this dissertation supports the notion that
agile methods can help product development organizations become more efficient,
regardless of their use of the rapid development model. However, to achieve
benefits from both aspects, rapid development model implementation and its
support through selective agile practices are recommended, where applicable.
The size and maturity of an organization affects the applicability this study’s
results, which are most suited for mature, large, or medium size product
development organizations that have knowledge and basic understanding of their
processes and organization. The separation and definition of multiple product
development models, including the definition of rapid development, may not be
directly applicable or valid for start-ups or small development organizations, which
have not yet needed to describe their development processes. However, the
knowledge created from this research can also help smaller organizations
understand or clarify their product development. By understanding the nature of
different types of product development projects and their strategic targets in the
early stages of organizational development, a company can reduce problems when
their product development portfolio starts to grow. In smaller organizations, all
development employees may be “nominated” to be rapid development team
members. In this case, it is equally important that all team members understand and
agree on what the goals of specific projects are and how different projects should
be prioritized.
A functional rapid development model can be utilized as a strategic asset at a
company. Defining the rapid development model clearly gives a company the
ability to provide a quick and clear response to an indirect market need elicited by
a direct customer request for a product modification. The ability of an organization
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to accurately calculate small projects’ costs and risks, as well as externalize them
into a price for a customer quickly, should be utilized as an advantage in the
marketplace, as has been done already by some of the companies that took part in
this study. Many companies working in the B2B environment are currently
conducting rapid product development projects without any process, workflow, or
model of operation. These companies should consider the application of the rapid
development model or at least some other form of a formalized mode of
development, to facilitate their position in the competitive marketplace.
The support of agile methodologies in the rapid development model was
established in this dissertation mainly through the self-managing team. Many other
agile practices can be useful in both rapid development and other NPD processes.
For example, daily-standups can be very useful if conducted properly, with the
support of the teams participating in them. They support immediate communication
within the development organization and are especially helpful in solving problems
in their early stages. Managers in any product development organization should
study and familiarize themselves with the practices and culture of the agile
movement to understand whether there are practices that could help their teams
become more effective. The use of the rapid development model is not required to
use agile practices.
Self-management of the development teams is viewed as supporting successful
implementation of the rapid development model. Like other agile practices, selfmanagement can also be used in other product development models. Utilizing selfmanaging teams in product development can elicit major benefits in productivity
and job satisfaction.
Cross-functionality of the development team is a desirable feature in both rapid
development teams and other NPD teams. However, in a real development project,
having all required knowledge may not always be possible to achieve. The nature
of product development work in developing something previously unknown can
create situation in which the development team must seek outside help to find
solutions to problems. The main goal in allocating cross-functional resources to
rapid development teams should be to ensure that the team has knowledge on the
product’s entire lifecycle, from raw materials to production to delivery. This
knowledge is needed to ensure that the team develops the product within the
limitations that the organization has set as part of the selection criteria to start the
project.
The primary focus of this dissertation has been on the development processes
and development teams. Still, some findings are useful for practitioners concerned
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with the decision-making processes of product development even without the
application of rapid development or agile methodologies. Most companies use
some form of scalability in their product development models, and these can be
supported with a clear set of criteria between product development models. During
this study, it was found that many organizations had only an implied set of rules or
guidelines in place to select whether a project belongs in NPD, a product variant
process, or perhaps ECM. Vague descriptions like this may work for small
organizations, but they can, and have, caused issues as product complexity and
organizational size increases.
Organizations should always be looking for novel ways to improve their
performance. These new ways of working can come from adapting old ideas into
new settings, but they should always be considered with care. By applying practices
only into team or decision-making processes, the benefits of new ideas will stay
limited. An organization should always consider the effects of new practices from
a wider perspective, and understand that practices can require, or even induce,
cultural changes. This opens up possibilities not only for great opportunities, but
also for resistance to change, when such changes are not communicated properly.
4.3

Evaluation and limitations of this study

The evaluation of a study includes the assessment of the reliability and validity of
its findings. Both reliability and validity can be split into internal and external
counterparts (Bryman & Bell, 2007).
First, external reliability considers the degree to which a study can be replicated
to achieve similar findings. External reliability is often difficult to achieve in
qualitative research, because the exact social setting from which the findings have
been obtained is impossible to replicate. Likewise, the exact interview results that
this dissertation is based on would be difficult to replicate, but most of the findings
are supported by the inclusion of several interviewees from the case companies,
and by including a large sample of case companies. In publication I, the evaluation
of the literature-based framework was assessed by individual interviewees from
case companies, but as the primary research method of that publication was a
literature review, it was not viewed as having an impact on the dissertation’s
external reliability.
Internal reliability of research assesses whether other researchers would
understand and interpret the research results similar to how the authors did (Bryman
& Bell, 2007). The data gathered for this dissertation were obtained in cooperation
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with other researchers under the guidance of senior researchers. The dissertation’s
findings were derived primarily by the primary author of the dissertation from the
four original publications. However, all data, results and findings have been
formulated in conjunction with other researchers and case company representatives.
Similarly, all original publications have been reviewed by coauthors and peerreviewed before publication.
External validity refers to how the findings can be generalized across other
empirical settings, which is often the concern in qualitative research with selected
cases and small sample sizes (Bryman & Bell, 2007). The external validity of this
research is improved by the case varied sizes and sectors, but there is always some
doubt about research validity in other settings. However, as defined in the findings,
certain criteria are needed to incorporate the results of this dissertation, such as a
well-established and utilized NPD process. These pre-defined characteristics for
organizations implementing the results further improve the external validity of the
research, while slightly limiting the applicability of the results.
Internal validity of research means how well a new, constructed theory is based
on the research observations (Bryman & Bell, 2007). Like internal reliability of this
study, internal validity is improved by the inclusion of other researchers’ views on
it. In addition to the four publications and this dissertation, there have been
numerous collaborations with other researchers during the research projects that
have formulated the data and knowledge to create this dissertation. As in most
development settings, research is best conducted in collaboration with other
researchers. The findings are still naturally subject to certain interpretations by the
author, which is always the case in qualitative, interpretive research (Bryman &
Bell, 2007; Saunders et al., 2016; Yin, 2013).
Selection of research methods always impacts research results. The results
presented in this dissertation could have been slightly different if other research
methods had been used. Quantitative methods could also have been utilized for the
type of exploratory research conducted in this dissertation. This would make it
easier to increase the sample size of the research and the reliability of the results.
However, the use of qualitative methods has benefitted the research by giving the
researchers more evidence on the underlying causes affecting the results, increasing
the results’ validity. The research data utilized in this dissertation were gathered
mostly through a collaborative effort with other researchers. For this reason, the
researcher had limited ability to influence the selection of research methods,
although the content of the interviews and survey statements was under the
researchers influence. The interviews and focus groups utilized to gather the
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qualitative data could have been organized more structured or open ways, which
also could have affected the reliability and validity of the results. However, the
decision to use semi-structured interviews was viewed by the researcher and his
colleagues as being the best way to achieve the desired research results for this
dissertation and for the research projects to which it is related.
This dissertation’s findings include a preliminary description of the rapid
development model, including some principles and guidelines on how to
implement this model within an organization. This description can evolve through
further research. An exact description of the development steps in the rapid
development workflow is outside the scope of this dissertation. The specific set of
steps to include in the rapid development workflow should always be based on the
existing NPD process of the development organization, and thereby created by the
implementing organization itself. As mentioned earlier, the applicability of the
results is, therefore, slightly restricted, e.g., by the criteria required to implement
rapid development.
Some other topics relevant to the decision-making in the rapid development
model were also not fully covered in this research, e.g., calculating the business
cases for rapid development projects, analyzing the product portfolio fitness of
products created with the rapid development model, and allocating the resources
(e.g., time, money, manpower) of the development organization. Therefore, the
content of this research is not a fully descriptive and all-inclusive description of
rapid development, although the research provides evidence to support its findings
within the defined scope.
In addition to the aforementioned topics for decision-making, any organization
willing to apply the results should consider how to apply them from the perspective
of organizational change management (D. Anderson & Anderson, 2010; Eisenbach,
Watson, & Pillai, 1999; Todnem By, 2005), which has been intentionally left out of
the scope of this dissertation. Considering the results of this research and the
importance of people and culture in implementing the rapid development model,
proper change management practices should be considered by any organization
implementing the results.
4.4

Recommendations for further research

An exact description of the rapid development workflow was outside the scope of
this dissertation. During the research conducted for this dissertation, there was also
an on-going effort to find the specific steps to be included in the rapid development
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workflow. These steps were mapped by combining best practices from participating
case companies existing rapid development processes (or similar practices). The
content and validation of this workflow would be of value to create a more
complete description of the rapid development model.
The rapid development model could also be enhanced by further studies on
topics described in the previous chapter as being outside of the scope of this
dissertation. These could include rapid development specific business case analysis
methods (Keen, 2011; Kinnunen, Hanninen, Haapasalo, & Kropsu-Vehkapera,
2014) and how to incorporate rapid development into product portfolio
management (Tolonen, 2016). Other researchers in the author’s research group
have previously studied these issues.
Publication IV included some success factors for rapid development, which
were utilized to create the principles and guidelines to define the rapid development
model. Further investigation of these and other success factors for rapid
development should be conducted to improve and validate the findings from this
research. The success factors, specifically their impact, could also be validated
through quantitative methods in a more comprehensive analysis in a larger sample
size or by selected best practice companies.
Further studies on the use of agile methods in product development are
currently being conducted in the field. This dissertation’s findings provide more
input into the ongoing discussion, but further empirical evidence on the use of agile
methods and especially their impact would be of value to product development
theory. Numerical data on the impact of agile methods, like all cultural changes,
are difficult to gather, but this type of data is increasingly important in providing
measurable evidence of the benefits, or potential drawbacks of these new additions
to product development theory.
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