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ABSTRACT 
For many organizations, efficiency in product development is a question of 
accelerating project operations and being innovative in products and 
technical solutions, and this has interesting consequences for project work. 
This thesis aims to study technical development work in project groups in 
order to identify factors that support innovativeness. 

In this thesis, innovativeness is defined as the ability of project groups to 
arrive at new ideas and solutions for technical problems, and their 
implementation. It is hoped that the studies in this thesis will contribute new 
knowledge in the product development research area, using complementary 
theories. 

This thesis is based on four case studies of product development projects, 
representing different types of industry. The cases involve the development 
of new, complex industrial products and are reported in four appended 
papers. The research reported in this thesis has primarily, but not 
exclusively, adopted a qualitative approach. 

The studies have shown that innovativeness is favored by project work char-
acterized by lower levels of control, the continuous acquisition of knowledge 
and a sense of responsibility and interest in tasks, as well as a continuous 
formulation and definition of tasks and problems. In addition, project work 
characterized by commitment and interaction have also been found to be 
important for innovativeness. 

Three factors supporting innovativeness are presented. Interactive product 
utilization in work is an alternative to detailed planning in solving 
coordination needs and maintaining a system view within a project. 
Interactive control mechanisms are important because product specifications 
often need to be defined as the project progresses. An interactive social 
environment supports technical problem solving by providing opportunities 
for spontaneous interaction between project members. 
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1 INTRODUCTION 
For many organizations, efficiency in product development is a question of 
accelerating project operations and being innovative in products and techni-
cal solutions. Changes in the way of working often focus on how to save time 
by, for example, increasing parallel operations, minimizing interrelationships 
between functions and making work packages less extensive. At the same 
time, new technologies are continuously presented on the market, offering 
opportunities for new products, often making products more complex. In 
addition, product development (PD) projects are required to start early, 
before product requirements and specifications are ready, in order to achieve 
a faster market launch. The requirements facing organizations to be both 
innovative and efficient in developing new products have interesting conse-
quences for technical development work in projects. 

My personal work experience of large industrial PD projects in the telecom 
sector, revealed a problematic situation in handling competence develop-
ment of project personnel and change, flexibility and the realization of goals 
in project work. Although project managers considered their goals and plans 
for the project to be clear, and they thought that the information required 
was available in the project, they nonetheless perceived that the anticipated 
results failed to materialize. The projects included the development of new 
products, based on new technology and using new work methods. The work 
situation was further characterized by extensive time constraints and 
continuous changes in priorities. These changes resulted in problems in 
adjusting the focus of the project fast enough, in accordance with new 
requirements. The project members were engineers with a university educa-
tion, who gave an impression of being motivated, but also of being frustrated 
with the limited opportunities for delivering the anticipated results and 
coping with ambiguities about responsibilities. 

Project members perceived problems in acquiring new knowledge to find 
technical solutions for new problems, but also in framing tasks and prob-
lems. These experiences led me to become interested in ways of organizing 
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and managing PD projects in order to improve utilization of the capacities of 
project members and the support of learning, flexibility and creativity, which 
would be beneficial to the performance of PD projects. 

This thesis focuses on studies of technical development work for new, 
complex industrial products. In this context, technical development work is 
regarded as the everyday work of project members in terms of decisions, 
considerations and activities in order to achieve the project’s goals. Restric-
tions and opportunities for innovativeness have attracted some interest. In 
this thesis, innovativeness is defined as the ability of project groups to come 
up with new ideas and solutions for technical problems and their imple-
mentation. This thesis offers new knowledge for PD research in ways in 
which innovativeness may be supported and applied in projects. 

1.1 Theoretical background 
In this section, I present literature and research that has been important for 
my understanding of PD. This research has also influenced the way in which 
I have approached questions about innovativeness and PD projects. The 
topics presented below involve control, efficiency and creativity aspects of 
project work in PD research. 

One aspect that has received little attention in product development research 
so far is differences in managing incremental versus radical projects 
(McDermott & O'Connor, 2002). McDermott & O'Connor show that tradi-
tional project control mechanisms were less used in radical projects. 
Conducting innovative projects in accordance with traditional project models 
with high focus on control might cause inefficiencies and a lack of support 
for creativity in project work (Anderson & Larsson, 1998). Radical projects 
make new demands on leadership roles, informal networks and team 
composition (McDermott & O'Connor, 2002).  

The above text points at the need for flexibility in the organization of projects 
in order to meet different needs for creativity and innovation by introducing 
more or less control. The first part of this theoretical background will present 
the commonly applied PD models. PD models are traditionally used to 
establish and support a more structured, controlled and efficient way of 
working. This section is followed by a short introduction of the concept of 
integrated product development, in which the aim is the integration of the 
many needs and perspectives within an organization, in both a long-term 
and a short-term context. The third section covers cross-functional teams and 
behavioral aspects of technical development work and problem solving in 
PD research. 

1.1.1 Research on product development models 
High levels of competition have been one reason for the strong focus in PD 
research on finding ways to increase efficiency in the overall PD process, in 
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key factors such as cost, time and quality (Norell, 1998). One common and 
important piece of advice on how to achieve efficient product development is 
to apply a systematic approach. Systematic approaches in terms of a formal-
ized product development process or model have influenced the conduct of 
PD projects, see for example Ulrich & Eppinger (2004). The idea of using a 
prescribed model in all PD projects within an organization is to ensure that a 
product is systematically and efficiently developed in accordance with to 
market needs, from the original concept to the launching of a finished 
product.  

A well-defined PD model is useful for quality assurance, coordination, plan-
ning, management and improvement efforts (Ulrich & Eppinger, 2004). A 
model may include more or less details as to how the various phases and 
activities should be carried out, with the aim of providing engineers with 
efficient ways of working to ensure progress of the project. One model that 
has received a great deal of attention and which is being used in many forms 
within organizations is the stage-gate model, see for example Cooper (2001). 
Stage-gate models suggest, in addition, that a PD project should be evaluated 
after each phase before it is allowed to proceed. These models have been 
criticized because they give the impression of the possibility of a perfect 
linear and predictable way of working - product development as a rational 
plan - according to Brown & Eisenhardt (1995). Some arguments against 
typical stage-gate models are that they provide a poor basis for the logic of 
knowledge creation, which often is a prerequisite in the development of 
complex products (Engwall, 2003). 

Although difficult to achieve in practice, the theories on PD models do in-
clude insights regarding the need to be adaptable and include flexibility 
(Cooper, 1994), and the importance of maintaining quality in the teamwork , 
see for example Allen (1977) and Clark and Fujimoto (1991). Furthermore, 
achieving cross-functional integration between functions is one important 
success factor in PD, see for example Wheelwright and Clark (1992). 

1.1.2 Integrated product development 
The integrative and complex nature of PD is addressed by the concept of 
integrated product development (IPD). The basic idea is to make sure that 
the many perspectives and requirements within a PD process are considered 
simultaneously throughout the entire development process. IPD, according 
to Andreasen & Hein (1987), suggests that there is a need for integration, not 
only between market, product and production issues, but also between long-
term and short-term issues, the organizational levels and positions, and 
between different organizational development activities. 

Three aspects have been identified as important in achieving and imple-
menting an integrated way of working, in line with integrated product 
development (Norell, 1992): work methods, support tools and information 
systems. Apart from these three aspects, other cornerstones in the work of 
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the IPD research at KTH (Royal Institute of Technology) are to establish 
holistic and integrative ways of working in order to increase efficiency in the 
PD process, combining research on technical and behavioral aspects. This 
thesis reflects one research area within IPD research: innovation. The concept 
of IPD has developed to include more specific aspects of the requirements for 
integration in PD. Examples of research areas for these aspects are: perform-
ance of change of tools and methods (Beskow & Ritzén, 2000), environmental 
aspects and business concepts as functional sales (Ritzén & Beskow, 2001); 
(Ölundh, 2003), implementation of new technology in PD projects 
(Johansson, 2000), human aspects of PD and project work (Zika-Viktorsson, 
2003), user consideration in PD (Janhager, 2005) and cross-functional integra-
tion in mechatronics engineering (Adamsson, 2005). 

1.1.3 Behavioral aspects and cross-functional teams 
One tendency that has been noted in product development research is for an 
increasing focus on behavioral aspects (Roberts, 2004). One example of this 
aspect is ways in which creativity and learning can be promoted, and their 
impact on innovation, posed by Bharadwaj & Menon (2000). A second exam-
ple is the understanding of organizational culture, for example the support of 
creativity, and its impact on new product success which is still lacking major 
research efforts (Ernst, 2002). A third example is how enhanced team-learn-
ing might support faster innovation, in the sense of presenting new products 
to the market (Lynn, Skov & Abel, 1999). Although behavioral aspects have 
been included, this has not been in detail, as regards the requirements for 
cross-functional teams. 

Requirements for cross-functional teams 
The most efficient teams seem to consist of a favorable mixture of members 
with appropriate knowledge, experience, personalities, motivation and co-
operative ability (Ulrich & Eppinger, 2004). Other factors are clear goals and 
the empowerment and sense of ownership among team members 
(McDonough III, 2000). 

It is proposed that “charged team behavior” will lead to higher product 
success (Sethi & Nicholson, 2001). Charged team behavior is a construct of 
the following variables: accountability for the project result, customer input 
and competition and cooperation between disciplines. The role of team lead-
ers for the performance of a project is seldom explicitly discussed in any 
detail, merely highlighted, see for example Gerwin & Barrowman (2002). 
However, the effectiveness of a manager is highlighted in one recent study 
(Bond, Walker, Hutt & Reingen, 2004), which points to the impact of social 
networks. 

Sheremata (2002) suggests that the efficient tracing and solving of problems 
could be regarded as a framework for product development, in the sense of 
seeing PD as a bundle of problems to be found and solved. It is further sug-
gested that the process of searching for and identifying problems is still 
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largely unknown (ibid). Problem solving consists of the integration of many 
creative ideas, knowledge and information within a project and is supposed 
to be beneficial for the quality of the product developed (Sheremata, 2002). 
The early identification of problems is not only beneficial for the product 
quality but also for the fulfillment of goals and schedules (ibid).  

1.2 Purpose 
Product development models have had and should continue to have an im-
portant role in the way the work of project groups is organized. However, 
the underlying aim of these models is primarily focused on how to ensure 
that projects meet requirements on time, and cost and other specified project 
goals. Research on behavioral aspects of PD points to a need for greater 
understanding of technical development work, for example creativity and 
problem solving aspects. The research covered by this thesis aims to contrib-
ute to the understanding of product development project work by including 
ways of promoting innovativeness, while maintaining a focus on perform-
ance. 

The purpose of this thesis: 

To study technical development work in project groups in order to identify and 
describe factors that influence and support innovativeness. 

1.3 Key terms employed 
This section attempts to clarify the way in which a number of central terms 
are defined and used in this thesis. 

Innovativeness is the ability of project groups to arrive at new ideas and 
solutions for technical problems, utilizing relevant evaluations and selections 
of potential ideas and, finally, their implementation. 

Innovation is used to describe a process, both at an organizational and a 
project level. At the organizational level, innovation involves continuous 
development and the introduction of new products or services on the 
market. At a project level, innovation includes the creation of new ideas or 
solutions, as well as their implementation into a specific product, for exam-
ple. 

The way of working, for organizations as well as products, ideas or solutions 
may be innovative. Innovative organizations or work methods permit new 
ideas and perspectives on problems. A project group has to develop new 
ideas or combine knowledge in new ways if it is to develop innovative 
products, ideas or solutions. A product or solution is to be regarded as new if 
the actors involved, such as engineers or customers, find the product or 
solution new as a whole or in certain aspects. 
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Creativity is a human process that includes an escape from the obvious and 
known in the search for new and useable ideas or solutions for technical 
problems. The evaluation of whether something is creative or not is totally 
dependent on the specific situation and the newness of, for example, a 
product or solution, and is therefore usually best judged by the actors 
involved in its development. 

Process is used with two different meanings. One is when describing a par-
ticular course of action that leads to the development of something that can 
be delivered (for example a product development process). The other mean-
ing is when describing a series of thoughts or personal interaction (for exam-
ple problem solving and creativity). This latter meaning is the content of 
“natural processes”, when the content and direction of interaction or 
thoughts are totally dependent on the actors involved and the course of 
action is unpredictable. 

The term technical development work is defined as everyday choices, decisions, 
considerations and activities applied and implemented by project members 
in the course of the project in order to achieve its goals. 

Technical problem solving is a non-prescriptive process, an important part of 
the technical development work that includes the definition of and search for 
solutions to technical problems important to reach a goal in the everyday of 
work of PD teams.  

Complexity is used with regards to both products and work tasks in projects. 
A complex product includes several subsystems with interrelationships in 
their functions and technical solutions and is depending on the use of several 
different technologies. The complexity in work tasks for project groups con-
sists of the difficulty in handling multiple technical solutions, new technol-
ogy and high levels of coordination efforts with the work of other groups 
and functions. 
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1.4 Structure of the thesis 
The work in this thesis has the following structure: 

- Cover text 

- Appendix series A, including four research papers where the studies 
and their results are presented that are the base for the discussion in 
this thesis. 

- Appendix series B, including one paper (Zika-Viktorsson, Sundström 
& Engwall, 2003) and the cover text of the author’s licentiate thesis 
(Sundström, 2002). The idea with these two appendices is to offer 
additional information to the reader about previous and relevant re-
search work performed by the author. 

The cover text of this thesis follows a traditional form, where the background 
for this research, the purpose and central terms is presented in chapter 1. The 
theoretical framework (see also theoretical background in chapter 1) is pre-
sented in chapter 2, followed by a discussion and presentation of the research 
approach and methods in chapter 3. Chapter 4 includes a summary of the 
appended papers in series A and a synthesis of the papers. The synthesis 
includes a presentation on how the empirical findings in the different papers 
contributed to the joint analysis and discussion of the papers, found in 
chapter 5. Chapter 6 includes the conclusions from this research, future 
research and managerial implications. 
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2 THEORETICAL 
FRAMEWORK 

This thesis has its origin in an interest for innovation and creativity and how 
to support organizations’ ability to renewal and change of products and 
processes. Innovation is in this sense a highly strategic matter that requires 
the involvement and an innovative mind-set of the whole organization, at all 
levels, to succeed (Tidd, Bessant & Pavitt, 1997). The focus of this thesis is the 
technical development work within project groups and how to support 
innovativeness. The definition of innovativeness is based on that innovation 
at a project group level are the creation of new ideas as well as the imple-
mentation of these creative ideas into solutions or products (West, 2002). 
Innovativeness is here defined as the ability of project groups to arrive at 
new ideas and solutions for technical problems, utilizing relevant evalua-
tions and selections of potential ideas and finally their implementation. 

The framework contains references from several theoretical fields. References 
have been selected based on their possibility of providing further explana-
tions to empirical phenomena and its relation to innovativeness. New theo-
ries and references have been included in the framework as the insights 
about innovativeness have increased and new questions been asked. The 
adequacy of the selected references and how well they represent their spe-
cific theoretical field have been controlled. This control has been performed 
by checking the appearance of the selected reference in related publications 
and whether the reference could be considered representative for respective 
theoretical field. Theories are primarily included from the fields of innova-
tion, product development, project management and creativity. 

One challenge for the organization of innovation is the generation of new 
ideas when so much energy is put on handling short term goals and deliver-
ies, see for example Van de Ven (1986). It is though necessary to show equal 
excellence in handling the small details as in securing future competitiveness. 
One part of securing future success is for an organization to manage changes 
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and renewal of products and processes of both radical as well as incremental 
nature (Utterback, 1994); (Tushman, Anderson & O'Reilly, 1997). This 
requires an organization, culture and leadership that support innovation. 
Achieving an innovative organization requires, for example efficient team-
work, continuous development of the organization as well as individuals, 
extensive communication and the creation of a creative climate (Tidd et al., 
1997). To organize work for innovation is to manage change at many 
organizational levels and in many areas (ibid); requiring an organization that 
is flexible in its behavior (Utterback, 1994). 

Technical development work in PD projects is essentially about the creation 
of something new. PD projects need therefore to handle different levels of 
creativity in technical solutions and flexibility in technical problem solving. 
The management of and participation in PD projects is, at the same time, 
characterized by a need for control to achieve time efficiency, but also a sense 
of personal well being. The chapter continues by describing how the litera-
ture in the product development, project management and creativity field 
helps us to understand the creative aspects of innovativeness in a product 
development context. This is followed by ways in which the issue of a bal-
ance between flexibility and control is treated in the literature covering the 
organization of PD projects, particularly goals and plans. 

2.1 Creativity in product development 
projects 

Creativity in product development has to be adjusted to the ever-present 
requirements of coordination, and strict time or cost limits. This is a kind of 
creativity that usually involves a collective effort by project members. Crea-
tivity is to be understood as the creation of new ideas and the search for new 
perspectives for a problem and, as a result, achievement of a solution differ-
ent from those already known. 

In order to establish a creative climate in a PD project, it is essential to 
increase the chances of the creation of new ideas and solutions by promoting 
a climate characterized by freedom, risk-taking and an extensive flow of 
ideas (Ekvall, 1993). The creative climate within a project may be enhanced 
by promoting and combining the following factors: challenges, freedom, 
support for ideas, trust, dynamism, playfulness, discussion, conflicts, risk-
taking and time for ideas (ibid). These factors have a relational as well as 
organizational dimension; which point at the need of focusing the work and 
attitudes of project groups, leadership as well as project structures (plans, 
processes, goals) in order to influence the project climate. Pre-conditions in 
order to achieve a creative climate is also that project groups manage to inte-
grate their work in formal as well as informal meeting (West, 2002). A group 
does further have to handle not only the setting of goals for their work but 
also conflicts and negotiations about different strategies for the work (ibid).  
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Beside a creative climate that allows for mistakes and “skunk-work” the 
integration of the work within groups or teams rests heavily on their consti-
tution and strong leaders with adequate authorities, see for example 
Wheelwright et al. (1992) and Cooper (2001). Matters such as co-operation 
and communication also become central for the functioning of these teams 
(Zika-Viktorsson, 2002); (Allen, 2000). To work in cross-functional teams 
could be more rewarding compared to work in functional teams and one 
way of increasing motivation in projects (Cordero, Farris & DiTomaso, 1998). 
Cross-functional work has shown to be more demanding but at the same 
time positive for the work situation of project members. Demand shows in 
increased levels of effort and involvement but result in an enhanced job con-
tent and job satisfaction (ibid). 

A project is always performed for the first time (Christensen & Kreiner, 1997) 
which is particularly important to bear in mind when developing a new 
product. This means that there is a continuous need of acquiring new knowl-
edge within project groups throughout the whole project. From a project per-
spective it is usually the short term goals and deliveries that are in focus. 
March (1991) points out the necessity of balancing between exploitation (the 
re-use of existing knowledge) and exploration (the development of new 
knowledge). Engaging in only one of these two modes is equally damaging 
for the competitiveness of an organization. Projects could be seen as an 
opportunity and method for rational problem solving where clear and spe-
cific goals are important at the same time as critical reflection on results are 
necessary (Berggren & Lindkvist, 2001). Discrepancies occurs between antici-
pated results of a chosen solution and the actual outcome that forms the 
foundation for goal oriented operative learning (Lindkvist, 2001). 

2.1.1 Creativity in technical development work 
Creativity is defined by Mc Kenna (2000) as a human process that admits the 
avoidance of the obvious and the discovery of new and meaningful perspec-
tives. One part of technical development work where creativity is an impor-
tant prerequisite is in technical problem solving. Creative problem solving in 
a project is no guarantee for innovative technical solutions but on the other 
hand is innovative solutions not possible without creativity. The level of 
creativity in problem solving that is necessary or suitable varies strongly 
during a projects life cycle and the nature of the problem. Under specific cir-
cumstances effectiveness is equal to speed and finding solutions fast, in other 
reflection on different alternatives and in yet others to strictly follow cus-
tomer specifications. 

The definition of a problem is an important part of problem solving (Schön, 
1983). It is particularly important to involve the problem solver in the defini-
tion when a problem is characterized by uncertainty. These are situations 
where creativity are really called for (Runco, 1994). Much of the necessary 
information on a problem is in these situations missing why the formulation 
of the problem plays a crucial role since the goal of a solution often could be 
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multiple. It is a great difference to solve a problem that is recognized as new 
compared to one that appears as conventional but later on show to require 
thinking in new ways (Kaufmann, 2001). A problem that is obviously new is 
expected to include the search for new information and include creativity in 
using present knowledge and methods. A problem that appears as conven-
tional requires the problem solver to break out of the predictable and to 
realize that there is a need for alternative strategies to reach the target. 

Almost all problem solving require creativity to some extent. To find general; 
valid in all situations; criteria on what is to be considered as creative is not 
possible. Research seem to agree though that creativity is related to some-
thing new and in a specific context considered as valuable, according to 
Locke & Kirkpatrick (1995). The level of newness is dependent on what is 
under study; (for example a person, a product/solution, problem solving 
process); and who the observer is; (for example a customer, problem solver 
or an expert). 

Studies on creativity could basically be divided in two separate branches, 
according to Amabile (1996). One branch is focusing on individual differ-
ences in the ability of being creative and the other aims at understanding 
cognitive processes or the human processing of information. These two 
branches are also complemented with a less established branch that includes 
the social and psychological environment as well into the understanding of 
creativity (ibid). This thesis has its focus on the latter branch; the impact of 
the social environment on creativity and innovativeness. The social environ-
ment is here regarded as the social structures created by project members in 
their pursuit of project goals, based on the definition by Scott (1998). Social 
structures consist of norms and values within groups but also activities and 
wishes to contribute to a project’s goals (ibid). The social environment could 
be influenced by for example culture, management styles and informal pat-
terns and networks, examples of social factors presented by Porras and 
Robertson (1992). 

Creativity in problem solving processes can not be controlled but still be 
positively influenced by an increased awareness in the management of tech-
nical development work. Supporting problem solving is to facilitate the 
elimination of hinders for creativity and to create conditions supportive of 
creative behavior in development projects. The following section will present 
in more detail a conceptualization of creativity in projects. 

Conceptualization of creativity 

The fundament regarding creativity for this thesis is the assumption that 
every professional, working with product development, could be creative 
with the right support and under the right circumstances. The conceptuali-
zation of creativity provided by Amabile (1996) has been an important aid in 
the understanding of creativity in project groups within this thesis. The con-
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ceptualization includes three individual so called components; domain rele-
vant skills, creativity relevant skills and task motivation. These are compo-
nents that are suggested to influence the ability of coming up with creative 
responses or outputs, such as solutions to technical problems.  

No creative work as it is defined here could be achieved without good 
knowledge about the specific area or domain, in this case the development of 
products and technologies. Technical problem solving usually requires, 
beside individual knowledge, the interaction between people with different 
knowledge and experience (West, 2002). Except the necessity of specific 
knowledge, multi disciplinary interaction provides an opportunity of getting 
pre-conceived thoughts and ideas questioned (Brass, 1995). These thoughts 
further show similarities with the ideas of integrated problem solving in 
product development, characterized by overlap, dialogue and communica-
tion between functions and/or departments (Clark & Fujimoto, 1991); 
(Andreasen & Hein, 1987). 

It is more difficult though to observe the effects of creativity relevant skills in 
the technical development work of projects. These skills treat how individu-
als approach a problem and the way information is mentally processed. 
Usually these skills are highly personal, complex and difficult to influence or 
manage (Woodman, 1995).  

Motivation for the task or goal becomes central for the quality and creativity 
in solutions. Intrinsic motivation has the strongest impact on the work of 
individuals and groups; often resulting in for example a genuine interest for 
the task and a willingness to contribute to its solution and the fulfillment of 
project goals (Amabile, 1996). Motivation for the task and creativity could be 
increased by including a certain level of challenge to the task and by sup-
porting constructive controversies, interaction and accepting multiple solu-
tions to problems (West, 2002).  

The opportunities for creativity could furthermore be influenced by a social 
environment positively affecting task motivation (Amabile, 1996). Examples 
of positive factors for task and intrinsic motivation include perceived chal-
lenges in work, support for innovation and autonomy. There are many active 
forces in commercial activities and human nature that resist change, risk-
taking and the challenging of current views, which are all important aspects 
of creativity (Staw, 1995). The levels of, and the balance between, flexibility 
and control in the organizing of projects also affect motivation and creativity. 

2.2 Balancing control and flexibility 
Literature about projects has been based on a rational perspective, according 
to Engwall (1995) and Packendorff (1993), with a focus on planning, break-
down of tasks and control, and has been developed as a perspective that also 
includes more behavioral aspects and greater flexibility (Anderson, 2005). 
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This section discusses the balance between control and flexibility, and its 
impact on creativity and learning in PD projects and ways in which the key 
tools for control, goals and plans may also be used to support creativity. 

As products get more complex, there has been increased awareness of the 
correlation between successful products and projects and creativity and 
creative people (calling for higher levels of flexibility), combined with the 
strict use of , for example, a stage gate model in product development 
(Stevens, Burley & Divine, 1999). There is a belief that projects could be a 
way of sustaining greater flexibility and creativity, based on the assumption 
that there is a reduction in the levels of control and the needs for such control 
(Anderson & Larsson, 1998). Organizations need to develop and adapt work-
ing methods that are appropriate for the project’s goals and which can han-
dle transitions between divergent (highly innovative) and convergent phases 
within a project (Hjelm & Berggren, 2001).  

Ekvall (1993) states that the main issue in creativity is how a project manages 
to achieve a balance between freedom and control. Being excessively dedi-
cated to complying with customer requirements or the budget may be nega-
tive for creativity, and may also involve excessively detailed specifications at 
an unduly early stage in the project. The advantage of freedom in solving 
assignments is that it might result in radical changes in products or solutions 
(ibid), and that new perspectives may emerge. Structures such as organizing 
and planning should therefore be flexible and encourage he sense of com-
mitment at many levels to the results of the project, for example in terms of 
creative technical solutions (Locke & Kirkpatrick, 1995). 

Johne & Snelson (1998) proposed that using informal and non-standardized 
procedures in the early phases of innovation gradually increased the levels of 
formality in control as the product specifications became more stable. The 
design-to-build approach (Wheelwright & Clark, 1992) is one example of an 
approach that includes openness to new ideas as one step further along the 
line. This approach suggests that PD projects with high levels of uncertainty 
in technology and goals are more successful if they apply a step-by-step 
approach which allows for flexibility in both plans and goals. Project work, 
including high levels of uncertainty, is related to a need for learning and 
knowledge-creation (Engwall, 2004). The challenge in these PD projects is to 
organize so that project members rapidly develop knowledge and an under-
standing of a new problem area and, at the same time, are able to handle 
sudden external changes (ibid). 

2.2.1 Goals and plans 
Plans and processes are established ways of achieving greater control, thus 
reducing the levels of uncertainty and risk but also the opportunities for 
creativity (Berggren & Lindkvist, 2001). However, PD projects with high 
levels of complexity and technology require a more iterative way of working 
which influences planning and communication within a project (Zika-
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Viktorsson, 2002); (Eisenhardt & Tabrizi, 1995). The greater the complexity 
and time pressure, the less appropriate project management based on 
administration and formalized control is for a suitable strategy (Shenhar & 
Dvir, 1996). 

Apart from creating administrative order in a project, plans and goals may 
also serve as a motivational factor for project members (Zika-Viktorsson, 
2002); (Levi & Slem, 1995). The chances of succeeding with the execution of 
plans improves if they are well understood and accepted by project teams, 
with the help of interaction between project management and project mem-
bers for example (Kernaghan & Cooke, 1990). Another positive aspect of 
making plans a mutual concern is that changes are more easily accepted and 
perceived as less of a disturbance (Ricciardi, 2001). 

How well a goal is formulated, and its level of detail and challenge, affects 
the performance of a project team (Moorhead & Griffin, 1998). A well-
defined and detailed goal often result in a high probability of achieving a 
goal on time, but a challenging goal with more freedom might on the other 
hand result in an enhanced commitment to the task (Zika-Viktorsson, 2002); 
(Latham & Locke, 1991). A goal should not always provide the obvious 
answers or solutions, but rather establish more questions, if a more reflective 
and developing work is expected (Christensen & Kreiner, 1997). 

An important ability that tends to be neglected in research on creativity is the 
implementation of new ideas (West, 2002). It seems to be difficult for new 
ideas to survive or develop to a stage where it is possible to see their benefits. 
Instead, solutions are found based on previously tried ideas, and this affects 
explorative thinking negatively. A crisis or strong pressure may cause a pro-
ject group to ignore previous plans and strategies for finding new applica-
tions or opportunities with the present results and knowledge (Gersick, 
1995). Excessive levels of time pressure may have a negative impact on 
creativity, especially in phases of a project where there is a need to try out 
several potential ideas (West, 2002). 
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3 RESEARCH APPROACH 
AND DESIGN 

The author of this thesis has been involved in organizational development 
missions and tasks for several years as an internal consultant with one of the 
major telecom suppliers. These experiences, among others, initiated an inter-
est in the organization of work based on the needs and perception of 
employees in their everyday work. The research process has been character-
ized by the fact that results and insights in one study have lead to the adap-
tation of the focus in research for the next study. One result of this process 
has been that, although the overall research interest have stayed firm, the 
detailed questions asked within and between studies have been adjusted. As 
a result, the empirical material during the research process has both become 
more detailed and has also included new areas. 

The research reported in this thesis has primarily, but not exclusively, had a 
qualitative approach. A qualitative approach has the characteristics of 
describing and analyzing cultures and behaviors of individuals and groups, 
based on observing their lived world or by their stories told (Bryman, Carle 
& Nilsson, 1997). A multitude of factors influences the work process, which 
makes it difficult to know what to expect at every stage of research. It is 
therefore necessary to have a research approach and design that is flexible 
and easy to change and adapt in line with unexpected findings and contex-
tual matters. The rest of the chapter contains three major sections; the selec-
tion of cases and respondents (including an overview of all studies, papers 
and results), the research methods and analysis followed by an overall dis-
cussion of the quality of research. 

3.1 The case studies 
In all qualitative studies covered by this thesis, the aim has been to achieve a 
rich description of project work with as much detail, information and per-
sonal experiences as possible about the context of the project - these are typi-
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cal characteristics of case studies (Yin, 1994). Case studies are recommended 
when there is a need to come close to the object of study and when there are 
many possible ways of interpreting a situation, event, process or group 
(Merriam & Nilsson, 1994).  

The selection of companies and cases has been accomplished with the aim of 
covering several different branches of industry, and with products and pro-
jects of certain characteristics. The projects selected in studies A and B were 
selected on account of their differences in size, complexity and the nature of 
the product. In study C, the project has managed to combine extreme time 
schedules with an innovative and humane climate. The project in study D 
had innovative characteristics, which meant that new ways of working were 
implemented in order to succeed with the development of a totally new 
product for the company concerned. 

The projects have all been complex in the sense that interdependencies 
existed, due to the characteristics of the product. The products developed 
used different advanced technologies, often a combination of new and partly 
known aspects, creating a need for new knowledge. There was also a strong 
need for coordination between different functions, and the presence of 
uncertainty and the need for flexibility in goals and product specifications. 
All companies represented in the studies had a mature project organization, 
in the sense that they had an established project model and were accustomed 
to working on a project in an organized manner. In addition, all studies 
involved the execution phase of projects. 

The start of each case study has been preceded by initial theoretical studies, 
resulting in themes to be covered in research in the field, as recommended by 
Yin (1994), focusing both data collection and analysis. Since new insights and 
understanding of phenomena develops continuously within a research proc-
ess, the present state of the researcher’s knowledge has also been a factor 
influencing the selection of cases. New cases were selected based on the need 
for new empirical material. With the ambition of achieving a rich description 
of a case and supplementing the results, one strategy has been to include 
more than one method in two of the studies, as can be seen in the overview 
of the studies in Table 1. 
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Table 1 Studies included, mapped with appended papers and their main findings  

  Focus  Type of 
industry 

Respondents  Research 
design 

Data 
collection 

Analysis  Output  Main findings reported in 
Papers I‐IV 

Study A 
 

Project  mem‐
bers’  perception 
of  change  in 
work methods 

Telecom,  soft‐
ware  develop‐
ment  

Project mem‐
bers and 
managers in 
two depart‐
ments 
(n=160) 

Quantitative, 
total  popula‐
tion 

Survey,  per‐
sonal  experi‐
ence 

Statistical 
(mean  val‐
ues),  qualita‐
tive 

Study B 
 

Handling  of 
customer  re‐
quirements  – 
Four  perspec‐
tives 

Digital  picture 
handling,  Soft‐
ware  develop‐
ment 

Project mem‐
bers and 
managers, 
(one sub‐
project) 
(n=11) 

Case  study, 
total  popula‐
tion 

Interviews 
and  partici‐
patory  ob‐
servations 

Qualitative 
Paper I 

Explorative  thinking  could 
be  supported  by  visualiza‐
tion  of  product,  responsi‐
bility  for  tasks,  access  to 
information,  customer  un‐
derstanding. 

Study C  Support of  inno‐
vation  and  crea‐
tivity  in PD pro‐
jects 

Mechanical 
engineering 

Project mem‐
bers, project 
managers 
(one project) 
(n=9) 

Case  study, 
purposive 
sample 

Interviews  Qualitative 

Paper II 

Efficient  and  explorative 
styles  of working  could  be 
supported  if  the  project 
content was based on actual 
progress  and  knowledge 
and  the  sense  of  contribu‐
tion was enhanced 

Paper III 
 

Unclear  goals  and  reduc‐
tion of  the  content of  tasks 
resulted  in  impaired  crea‐
tivity 

Study D  Supporting and 
inhibiting factors 
of creativity and 
explorative 
thinking in tech‐
nical problem 
solving 

Pharmaceutical  Project mem‐
bers, project 
managers 
(one sub‐
project) 
(n=14) 

Case  study, 
total  popula‐
tion 

Interviews 
and  silent 
observations 

Qualitative 

Paper IV 

Face‐to‐face meetings and 
the support of problem 
solving could facilitate both 
progress and creativity 
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3.2 Analysis and research methods 
It is important to realize that the available empirical data in all research 
involves interpretations made by the actors, per se, in the situation concerned 
(Bryman et al., 1997). One example in this thesis when the interpretation com-
plications became apparent was in the analysis of study A and B in paper I. 
In this case, the empirical material was revisited and analyzed with a new set 
of questions regarding creativity. What made this new analysis possible was 
the way in which the questions were originally posed to the respondents. 
The questions regarded descriptions and perceptions of the work organiza-
tion and the performance of tasks which were equally relevant for the origi-
nal and the new analysis. The author made sure that the respondents’ 
descriptions and answers about their work situation were affected as little as 
possible by the purpose of the study. The strategy in all studies has been to 
separate the phases of collecting empirical material and the analysis. The 
analysis and final interpretations of the empirical material have been made 
by the author. 

The research performed has involved studying the different ways in which 
people experience, perceive or understand different phenomena in the world 
around them, in line with Marton (1994). This research strategy should be 
used when the interest lies in understanding actors in a social process and 
how they describe their situation, often based on their own vocabulary. 
Analysis of the qualitative data has tended to follow four phases: acquaint-
ance with the data, noticing differences and similarities, categorization of 
opinions and finding factors, based on Alexandersson (1994). 

The research performed has allowed theory and practice or empirical find-
ings to affect each other in choices and interpretations. The focus of research 
has nonetheless been on the original meaning, topics and vocabulary of 
respondents. Interpretation and analysis of data has been accomplished in 
stages, as proposed by Marton (1994). Step-wise in this context means that 
data was reduced and interpretation performed in several steps with itera-
tions between the various stages until a reasonably stable picture of the 
results appeared. The result of each interview has been visualized using 
mind maps. All mind maps from each study have been compared with each 
other in order to find different themes that have been judged as important 
and which influence the understanding of the specific research focus. These 
themes have then been categorized and discussed with the help of relevant 
theories in an iterative manner. 

Although a qualitative approach is more appropriate for studies of social life 
and construction, there is no reason to exclude quantitative research 
approaches as a complement. With the same reflective ambition described 
above, any findings which help to enrich knowledge about the area of study 
are beneficial for the research result. In this thesis, quantitative research has 
been used to depict attitudes and views among larger populations (study A) 
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within projects. This is in line with what other authors mention as the major 
strengths of quantitative methods when looking for confirmation or rejection 
of new or previous findings, see for example the discussion of Allwood 
(1999). 

3.2.1 Interviews and respondents 
Interviews are one of the two (interviews and observations) qualitative 
research methods employed in this thesis. Interviews are a tool to arrive at 
descriptions and interpretations of themes in the world in which a respon-
dent lives (Kvale, 1996), and this complies with the overall intentions of this 
thesis. An interview may be seen as a dialogue between two people, pointing 
to the need for an emphatic and communicative ability on the part of the 
researcher. It is essential, however, for the researcher to maintain a distance 
to the respondent, in order to limit the researcher’s influence on responses 
and to maintain a critical attitude to statements and the relationship between 
factors. As a result of this interactive characteristic of interviews, the actions 
of and skills of the researcher are directly related to the quality of the out-
come of an interview.  

Interviews were performed with well-prepared questions and themes but 
with openness to new, upcoming questions. The interviews in this thesis 
were all semi-structured, conducted at respondent’s work place. They lasted 
for 1,5 hours on average and were tape recorded. The cases in study B and D 
gave an opportunity to interview all project members, project managers, 
group leaders and engineers; while respondents in study C was chosen in 
agreement with project management representing both team management 
and engineer positions. 

Although this thesis does not include a gender perspective on organizing of 
projects, it is worth while to shortly mention the distribution between men 
and women among the respondents. Studies A, B and C included almost 
exclusively men due to that the respective work place was strongly male 
dominated. Study D was on the other hand dominated by women among 
respondents due to a female domination within the department.  

3.2.2 Surveys 
Surveys could be used when looking for attitudes among larger populations 
on specific aspects of for example working life; in the case of study A the 
attitudes on the implementation and benefits of a new working method. The 
results of investigations using surveys are also often aimed at stating corre-
lations between central factors using statistical methods, valid for a larger 
population (Olsson & Sörensen, 2001). A difference compared to the qualita-
tive approaches in this thesis is that the execution of a survey and its result 
requires an initial and extensive theoretical analysis with strict definitions 
and operationalization of factors. This means that surveys usually are quite 
narrow and specific in its focus and that the anticipated results in some cases 
either confirms or rejects initially stated propositions. 
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The questionnaire in study A was distributed via managers in a printed ver-
sion to all employees in two software departments, representing primarily 
designers and team and project managers (75%); with a response rate of 45%. 

3.2.3 Observations 
My pre-understanding of project work made observations a suitable choice 
of method. In this thesis, the aims has been that observations should inter-
vene to a limited extent, which is one of the advantages of this method 
(Adler & Adler, 1994). The idea was to observe and understand behaviors in 
their natural context, a benefit suggested by Olsson (2001) as a purposeful 
complement to other research methods. Observation may be both structured, 
with a well-defined problem, and unstructured with a more explorative pur-
pose. Both these types of observation have been used in the studies included 
(B and D). Structured silent observation was performed in parallel to inter-
views in study D in a total of 10 group meetings, with the observer as a pas-
sive member taking notes. The results of the observations were mainly used 
as input for interviews and to strengthen and question the findings from 
interviews.  

3.3 Quality of research 
Qualitative and quantitative studies have different purposes, and therefore 
the meaning of validity and generalization of findings must have different 
meanings in the two types of studies. One reason is that evaluation of find-
ings and methods in qualitative studies primarily takes place after the inves-
tigation, since it normally involves the exploration of an previously unknown 
problem (Alexandersson, 1994). One key element in the evaluation of qualita-
tive research involves whether the interpretations and analysis performed 
mirror the opinions of the respondents about their reality in a relevant man-
ner. Care and attention to detail are important issues in the evaluation of all 
kinds of studies and this also applies to the question of whether the results 
may be regarded as trustworthy. The methods and approaches employed are 
described openly in this thesis, and this enables the reader to evaluate the 
findings. In addition, the results of all the studies included have been pre-
sented and discussed at international research conferences.  

When performing a survey which normally is based on a search for results 
valid for a larger population, other issues of concern emerge. Key concerns in 
quantitative studies are the correctness of the measurements performed and 
checking that the answers received were correct. The first aspect is whether 
respondents’ answers complied with what was intended and planned 
(validity). The other aspect is whether the selection of respondents was satis-
factory and whether the questionnaire was handled properly so that the 
answers correctly reflect the attitudes of the potential population (reliability). 
The questionnaire used in this thesis was tested before it was distributed by 
people with industry experience in terms of the readability of questions and 
scope for interpretation. Questions and their formulation were adjusted on 
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the basis of feedback from this test. The survey results were also presented 
and discussed with the participants, and this provided further confirmation 
of relevance. It is worth emphasizing that the overall aspects of maintaining 
high levels of validity and reliability are equally important for quantitative 
and qualitative studies, for example as regards control of theories and con-
cepts, data collection, interpretation and analysis (Merriam & Nilsson, 1994). 

Common ways of establishing validity that have been applied in this 
research are the use of multiple methods and the validation of results with 
participants. Much of the validity in interviews is determined by the 
researcher’s experience, skills and awareness (Kvale, 1996). The challenges 
are maintaining control of the interview situation and minimizing the 
researcher’s influence on the interpretation of questions. In order to mini-
mize sources of disturbance, the interviews in this thesis were consistently 
conducted in a calm environment, with as little as possible external distrac-
tion. Open questions were primarily used to ensure that there was a focus on 
the respondent’s opinions and the issues that were most pressing for the 
respondent. Uncertainties regarding meanings or interpretations were dealt 
with immediately in the course of the interview session. In addition, the 
results in terms of research articles have been distributed to participants in 
each study, in order to ensure correct descriptions. 

3.3.1 Generalization of findings 
Several authors point out that the intention in generalizing the findings of 
qualitative studies is not to draw conclusions that are valid for a larger 
population, see for example (Yin, 1994); (Kvale, 1996). Yin (1994) proposes 
the use of analytic generalization rather than statistical generalization, as 
used in quantitative studies. Analytic generalization of cases means that the 
findings are compared and validated in the light of existing theories rather 
than in terms of larger populations or groups. Merriam (1994) claims that it is 
possible to generalize from a single case if it is separated from its statistical 
context. 

Generalization from a single case might be regarded as a temporary working 
hypothesis offering temporary perspectives rather than a universal truth 
(Merriam & Nilsson, 1994). The results of this thesis might be generalized as 
valid for projects in similar environments and with similar product charac-
teristics, but naturally with some caution as regards the many contextual 
factors that might differ. In the case of the studies presented here, there is 
always a need to adapt general findings to a new context or situation, for 
example a project or an organization. One of the major contributions made 
by qualitative studies is that they can provide specificities that can in turn be 
generalized, with the support of adequate theories and research results. 
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4 SUMMARY AND 
SYNTHESIS OF APPENDED 
PAPERS 

This chapter starts with a summary of the appended papers, supplemented 
by information about their status as regards publications and authors’ con-
tributions. The chapter concludes with a synthesis of the papers and the way 
they have contributed empirically to an understanding of innovativeness. 

4.1 Paper I: Innovation through explorative 
thinking in product development projects 

Authors: Sundström, P. and Zika-Viktorsson, A.  

(The empirical work and analysis was performed by Per, with Annika as an advisor. 
The paper was written in cooperation between the authors, with Per as the main con-
tributor) 

Status of paper: Published in the proceedings of the 14th International Confer-
ence on Engineering Design, ICED – 2003. 

The purpose of the paper was to discuss and suggest ways of stimulating 
creativity in projects as a way of enhancing explorative thinking among pro-
ject members. The concern of the paper was based on the observation in 
development projects that priority for competence development for future 
needs was reduced in favor of the immediate needs of a specific project. 
Since most product development is performed in a project format, there may 
be a risk that more long-term needs for new knowledge about new technolo-
gies are neglected, for example. This, in turn, may have a negative impact on 
the ability of companies and employees to stay competitive and innovative. 
The idea of this paper was to find ways of including more creativity in the 
technical development work of development projects.  
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The paper was based on studies of project groups in two different companies 
previously reported in the licentiate thesis of one of the authors (Sundström, 
2002). This paper was a development of the analyses and discussions in the 
licentiate thesis, including creativity as a complementary theoretical 
approach. Empirical data from one of the companies, a multinational telecom 
supplier, was collected by means of a survey, in combination with one of the 
author’s personal work experience in this company. The survey (n=160, of 
whom 72 responded) was distributed among designers, testers and project 
managers in two software development departments. Data from the other 
company, a smaller IT company specializing on digital image processing for 
radiology and mammography, was collected by means of interviews (n=11) 
and by participation in the work of the project management team. 

The results indicate differences between the companies in the way the 
organization of projects affects explorative thinking. The size and complexity 
of the project also had an impact on how easily information and people could 
be accessed and how control mechanisms to ensure the progress of the pro-
ject were established. In addition, the perception and characteristics of the 
product and the customer had an impact on the way the project groups 
worked. 

Based on the two studies, the paper provides suggestions as to explorative 
thinking in operative project work can be enhanced. Being able to visualize 
or to see and interact with the product developed makes it easier to try out 
and imagine the benefits of different technical solutions on the final product, 
and motivation is improved. Placing responsibility for solving problems or 
tasks at a team or an individual level affects both the levels of creativity in 
finding solutions and the degree of commitment. The commitment to the 
project goal and finding appropriate solutions also depends on the possibili-
ties of accessing sufficient and reliable information. In addition, projects 
must also provide arenas or opportunities for reflection or periods of slack to 
enable project members to keep up with new technology and to acquire new 
knowledge for future needs. A clear and deep understanding of customers is 
beneficial for explorative thinking. This is particularly true if it is combined 
with other inputs and knowledge, for example as regards technology and 
market advances, and not simply used as the sole source of information 
about future product requirements. 
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4.2 Paper II: Organizing for innovation in a 
product development project - 
Combining innovative and result 
oriented ways of working – a case study 

Authors: Sundström, P. and Zika-Viktorsson, A. 

(The empirical work and analysis was performed by Per, with Annika as an advisor. 
The paper was written in cooperation between the authors, with Per as the main con-
tributor) 

Status of paper: Submitted to the International Journal of Product Innovation 
Management, March, 2005.  

Previous publication: Proceedings of the 17:th Nordic Conference in Business 
studies, 2003. 

It is essential that PD projects can switch continuously between time-efficient 
and more explorative styles of working. It is sometimes necessary to find a 
quick fix for a problem, using a previously tried solution, in order to meet a 
deadline, and it is also crucial to sometimes stop and reflect on the effects of 
different technical solutions. This paper was based on a study of a develop-
ment project working under tight deadlines with the implementation of 
innovative solutions in a totally new product. The challenge for the project 
was to find ways of working that could support a balance between a focus on 
innovation and a focus on efficiency. 

It is normally proposed that an organization that supports innovation should 
include flexible structures and lower levels of control. This necessarily means 
that most of the coordination, prioritization and decisions about tasks and 
technical solutions have to be undertaken by project members, rather than 
project management. Projects become more dependent on how well individ-
ual project members and groups can handle the need to be innovative when 
plans and work methods traditionally support exploration to a very limited 
extent in technical development work. The purpose of this paper was to 
enhance the understanding of how innovation is achieved in operative pro-
ject work and to find factors that support the generation of innovative ideas 
and their implementation. 

The project was selected because it seemed to display a form of organization 
that seemingly included an open mind to new ideas and innovative thinking, 
at the same time as the work environment was characterized by stress, short 
deadlines and requirements for the achievement of results. The project was 
carried out at a successful supplier of dairy equipment with approximately 
4,900 employees. The project goal was to develop an automatic milking sys-
tem. Interviews were performed with nine engineers and project managers. 
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The product was the common focus in these interviews, and also the percep-
tions individual interviewees had of the challenges they encountered in the 
development work and the way they handled them.  

The pressure of continuous progress in the project enhanced the breaking-
out of old paradigms, providing a source of energy for finding solutions 
quickly. The strong vision of the product seemed to help to keep levels of 
control low, leaving a high proportion of the judgments of technical solutions 
and functional requirements to individual engineers or project groups. This 
was positive for both creativity and motivation. The laboratory version of the 
product was one facilitator of internal communication within the project, 
supportive of both innovation and the need to maintain the focus on results 
and progress. Communication channels with field personnel, for example, 
ensured accurate feedback on the appropriateness of a solution from a user 
perspective. Co-location of project members and the formulation of tasks 
made interaction with other colleagues and functions both easy and neces-
sary. 

From the study, it may be concluded that a project environment with tight 
deadlines may very well be innovative, but with restrictions on the height 
and content of innovation. Efficient and explorative styles of working in 
development projects could be combined by applying the two following 
strategies: allowing the project to adjust its content based on the aggregated 
level of knowledge, and enhancing the sense of contribution to the project 
and its final goal. The way these strategies are established is highly depend-
ent on the actual status of the project, but the study points to the need to 
focus on the product, maintaining individual commitment and receiving 
feedback on technical solutions. 

4.3 Paper III: Opportunities for creativity in 
project work – Importance of goals and 
problem solving 

Author: Sundström, P. 

Status of paper: Published in the proceedings of the IEEE, International Engi-
neering Management Conference, IEMC – 2004. 

The paper discusses the issue of innovation in execution phases of PD pro-
jects and, more specifically, innovative thinking and creativity in technical 
development work. This was the first paper of two, based on the same 
empirical data used to investigate how project organization, structures and 
goals could affect creativity. The purpose of this paper was to investigate 
opportunities for innovative thinking and creativity in technical develop-
ment where there was a strong emphasis on speed and results. 
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The project in this study had high priority in the company and was in the 
middle of the execution phase. In addition, the results of many years of de-
velopment were soon expected to show in terms of a new product, and a 
rapid test. The assumption was that most technical challenges were solved 
and that the remaining work primarily consisted of verifying the solutions. 
As it turned out, the project ran into surprising challenges that required 
organizational change to include more flexibility and creativity. The paper 
indicates and discusses how project members perceived the way the project 
was organized before and after this change and how this may have affected 
creativity. 

The methods used to collect empirical material were observations of, and 
interviews with, the members of an R&D subproject and its two workgroups 
over a period of 4 months. The project was part of a company with approxi-
mately 1,000 employees which developed and manufactured complete diag-
nostic test systems to support clinical decisions and diagnosis. Observations 
(n=10) were primarily used to study the climate for creativity and problem 
solving processes. In all, 14 interviews were conducted with all the R&D 
project members and with three project managers. 

The results indicate that, in order to save time, the work procedures involved 
less comprehensive tasks and less extensive problem solving. The goal of the 
project, in terms of performance levels for the product, was perceived as 
highly uncertain. As a system view of the product was lacking right from the 
start, the formulation of technical problems was partly based on the wrong 
assumptions. 

The conclusions drawn from the study are that opportunities for creativity 
were impaired, for example due to, the uncertainties about goals and because 
responsibilities and extent of tasks was reduced. When the organization 
changed and the project groups were included to a greater extent in planning 
and problem solving, this has a favorable impact on the sense of personal 
responsibility and contribution to the fulfillment of project goals. An exten-
sive dialogue and interaction with colleagues and experts permitted new 
ways of thinking and the testing of new ideas, thus counteracting the lack of 
clarity in goals. 
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4.4 Paper IV: Organizing for progress and 
creativity in a new product development 
project - Problem solving in the 
pharmaceutical industry 

Author: Sundström, P. 

Status of paper: Accepted paper at the 12th International Product Develop-
ment Management Conference, June 2005. 

Product development is inevitably creative and innovative, due to the need 
to finding technical solutions and implementing them into new products. 
There is, however, a need for a better understanding of creativity and inno-
vation in the technical development work in PD projects. Due to the com-
plexity of product development, it is essential to view a project as something 
that gradually takes its final form, built on the presence of accumulated 
knowledge and insights. 

This paper discusses ways of supporting innovation in technical develop-
ment, including finding creative solutions to problems and their implemen-
tation into the product. This is the second paper out of two based on the 
same empirical data. See paper III for a description of the methodology. This 
second paper focused on how technical problem solving was carried out, 
how new ideas were handled, and the content and structure of formal and 
informal meetings. The analysis of the way in which creativity and problem 
solving was handled and supported provided a crucial input for achieving 
this aim.  

The results indicate that spontaneous and frequent interaction with 
colleagues was a key aspect of everyday problem solving. This way of 
working made it possible to get immediate response and feedback on press-
ing problems. Involving project members in planning and goal-setting 
ensured additional benefits for problem solving and a focus on progress. The 
initial resistance to new ideas might have been responsible for both reasons 
for a thorough scrutiny of the benefits of an idea and the virtual inhibition of 
the presentation of any new ideas by project members. 

The conclusions of the study are that creativity in problem solving has to co-
exist with a focus on efficiency and result-orientation in work, where face-to-
face meetings are an important facilitator. The considerable interest among 
engineers in problem solving is a great asset in project work which increases 
the sense of dedication for the achievement of project goals and reduces the 
need for control and coordination. This applies on the assumption that 
problems are defined close to the problem solver or by the problem solvers 
themselves, and that the quality of problem solving is maintained by the en-
hancement of the number of problem solving cycles. 
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4.5 Synthesis of papers 
The studies included each had their specific research focus and empirical 
context, but they all made a contribution to the understanding of innovative-
ness. The aim of this section is to show what aspects of technical develop-
ment work were considered to be particularly interesting in each study, see 
Table 2. The aspects have been identified on the basis of whether they were 
perceived by project members as being of importance for the characteristic 
features of project work, and judged by the author to influence innovative-
ness. The aspects identified might very well be equally important or relevant 
in several studies, but they will nonetheless be mentioned only once in the 
table. Aspects appear in the table in the study in which they had the strong-
est impact or where they were first identified. The aspects identified will 
provide a basis for the discussion and analysis of innovativeness in PD pro-
jects in the next chapter. 

The aspects identified have been categorized under the following five labels: 
work planning, work content, work motivation, the product and customer 
representation. 

Table 2 Aspects of technical development work that are important in 
influencing innovativeness 

Labels Paper I (study A&B) Paper II (study C) Paper III (study D) Paper IV (study D) 
Work planning - Allocation of tasks 

and access to infor-
mation 

- Clarity in visions 
with room for 
interpretation 

- Fuzzy goals - Including project 
members in the 
definition of prob-
lems and tasks 

  - Project planning 
with continuous 
deliveries 

- Time focus in 
plans 

 

Work content - Informal discussions - Laboratory work - Level of detail in 
tasks 

- Problem solving 
performed in spon-
taneous meetings 

    - Numerous prob-
lem solving cycles 

Work 
motivation 

- Contributing to the 
project’s goal 

- Challenging envi-
ronment 

- Curiosity -Challenging tasks 

The product - Product complexity 
and application area 

- Transparency in 
product architec-
ture 

- Maintaining a 
system view 

Not applicable 

Customer 
representation 

- Direct access - Contact with field 
personnel 

- Product specifi-
cations 

Not applicable 

 

As shown in the table, aspects of work planning initially concerned the way 
in which responsibilities were clarified by the allocation of tasks. In later 
studies, the communication of responsibilities and deliveries was achieved 
by providing clear visions and involving project members in planning and 
the definition of tasks and problems. The presentation of fuzzy goals, with-
out dialogue, resulted in less interest in the work. Specific behaviors in work 
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were also displayed, depending on time constraints in plans and require-
ments for continuous deliveries, in which the product was finalized in steps. 

One important and valuable issue of the work content was the possibility of 
having informal discussions in spontaneous meetings in order to solve tech-
nical problems. The inclusion of several problem solving cycles in order to 
find an appropriate solution was of specific importance, and laboratory work 
provided a great opportunity for achieving this. It was also shown that the 
level of detail in the task had an effect on how problems were confronted and 
solved. 

Several aspects emerged in the studies in relation to the sense of work moti-
vation. Motivation and maintaining an interest in the work involved both a 
sense of contributing to the project goal and of being a part of a challenging 
environment, project or product. Motivation was also established by finding 
ways of exploiting curiosity in exploring technical matters, for example by 
searching for solutions for challenging tasks. 

The problem, for which the product is a solution, acted as a motivator in PD 
work if the area of application or use was clear. The complexity and archi-
tecture of a product were important for the way in which the work might be 
organized and the characteristics of the work for project members. The prod-
uct also acted as a way of maintaining a holistic or system view in project 
work. 

Three different forms of customer representation emerged in the studies. 
Direct access to customers within the project made it possible for project 
members to get immediate information about needs and requirements, ena-
bling them to have a dialogue with the customer. Field personnel could 
explain how they perceived problems and comment on the feasibility of 
technical solutions at customer sites. Product specifications indicated esti-
mated customer needs, transformed into technical specifications by functions 
and persons other than project members. 
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5 DISCUSSION 
In this chapter the different aspects of technical development work, identi-
fied in the previous chapter, will be discussed, and the way they might con-
tribute to increased understanding of ways of influencing innovativeness in 
projects. The result of this discussion is important to organizations which 
experience problems in combining innovative and efficient ways of working. 

The characteristics of technical development work in the studies are similar 
to what Westling (2002) describes as a continuously emerging activity, in 
which non-routine events are prevalent. In order to handle these non-routine 
events, the studies show that the content of work involves informal and 
spontaneous discussions and dialogue between project members in order to 
arrive at the necessary information and knowledge to solve technical prob-
lems. The studies also indicate how work can be planned and organized to 
increase the involvement of project members. 

Two central themes were identified by analyzing the aspects previously 
found (see Table 2): commitment and interaction. The common factor in the 
aspects found was that they were related to important motives and opportu-
nities for project members to participate in, and contribute to, finding solu-
tions for technical problems. This commonality had strong similarities with 
the characteristics of commitment and interaction. These themes will be fur-
ther presented and discussed in the next section, and also their close links 
with innovativeness. The aspects (Table 2) will then be discussed as regards 
their influence on commitment, interaction and innovativeness. The final 
section discusses the challenge for PD projects in achieving a dual and 
simultaneous focus on flexibility and control. 

5.1 Commitment, interaction and 
innovativeness 

Theories in organizational psychology state that commitment in, for exam-
ple, project groups involves the willingness and readiness of members to 
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make an effort on behalf of a project (McKenna, 2000). As the success of PD 
projects depends on the ability of the project members to make quick and 
relevant decisions, for example, often based on ambiguous information, the 
importance of commitment is judged to be an important factor in work 
(Meyer, 1997). The result of commitment is different levels of individual 
identification with, and involvement in, a particular organization (Sjöberg, 
1997). Further examples of the results of commitment are a strong belief in, 
and acceptance of, goals, readiness to devote extra effort and energy on 
behalf of the organization, and strong loyalty toward the organization. 

Commitment in PD projects makes most sense if it creates a focus on the 
work itself rather than on the organization, in line with McKenna (2000). In 
product development, the focus should be on contributing to the fulfillment 
of project goals. The fulfillment of project goals requires that innovativeness 
in project groups is related to both the detailed tasks and the overall goal of 
the project. The studies have shown that both creativity and reflection were 
required to find relevant technical solutions. This is further supported by 
earlier research indicating that the concept of commitment needs to be rede-
fined and should also include links with creativity and innovation (Swailes, 
2000), hence innovativeness. A focus on the project goals is equally relevant 
for interaction. 

Interaction between project members or groups includes the handling of a 
task, question or any other purposeful activity (McKenna, 2000) and may be 
both formal and informal. Formal interaction involves information flows 
between people, including, for example, an interchange of ideas or thoughts, 
and it occurs in meetings or other official information-flows. Informal inter-
action includes the same type of communication as formal interaction, but 
with one important difference. Potentially, informal interaction may include 
a mutually shared process and understanding when sharing resources to 
reach a common goal (Kahn, 1996). Both these types of interaction are impor-
tant for innovativeness, but previous research has shown that the character-
istics of informal interaction (between departments) are a stronger predictor 
of performance in product development (ibid). Extensive communication, as 
an important aspect of interaction, has previously been established as a pre-
requisite in projects that function satisfactorily, see for example Tidd et al. 
(1997), Allen (2000) and Ulrich et al. (2004). 

5.2 Influencing commitment 
The studies indicate that commitment could be influenced by finding and 
using the positive challenges of PD projects as resources in project work. The 
studies also indicate to some extent what project members’ interest in work 
consists of, and how to take advantage of it in technical development work. 
This section will discuss commitment in project groups under four headings: 
Attitudes toward the products and projects, interest in problem solving and confi-
dence in plans, directions and restrictions and content and frequency of deliveries. 
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5.2.1 Attitudes toward the products and projects 
Attitudes to work and tasks obviously have implications for the willingness 
to participate and contribute in work. The studies show that the characteris-
tics of the product developed played different roles in the possibilities of, 
and the impact on influencing commitment. In some cases, project members 
referred to and used the product to assist everyday discussions about their 
work. The product, the deliverable outcome of the main project, assisted in 
such cases in relating detailed tasks to the function of the overall product. 
The relating of detailed tasks to the overall purpose or function of the prod-
uct not only provided a more appropriate framework for the problem but 
also increased motivation. In these cases, the product also seemed to function 
as a link and an identity among project members, and as a way of symboliz-
ing the project’s goal. In the case of the milking machine (paper II), this iden-
tity was strongly present and was a major reason for participating in that 
particular project. Project members described their project with pride, and 
discussed critical incidents, successes and the final goal. 

Project members said (for example in the rapid test project, papers III and IV) 
that it was important that the development work included the completion of 
something new and challenging. The importance of novelty involved things 
that were new and exciting for the individual, and also that it was a new 
product area for the company. The common feature of all the projects 
included in the studies was that they included new technology and the 
development of a new product, never seen before in their respective com-
pany. It could therefore be argued that the products in themselves supported 
creativity and commitment due to their challenging novelty, in line with 
Amabile´s (1996) previous findings. 

5.2.2 Interest in problem solving and confidence in plans 
Problem solving, as a part of technical development work, have been 
described, per se, by project members as a motivating factor. All case studies, 
and the rapid test project (papers III-IV) in particular, revealed a high level of 
motivation and extensive interest among project members in finding solu-
tions for technical problems. Problem solving processes include a reciprocal 
action between the problem and possible solutions, referred to Schön (1983) 
as “reflection in action”. This reciprocal action provides a stepwise approach 
to finding solutions and the correctness of a solution, but it is worth pointing 
out that problem solving processes may also help to maintain progress in 
project work. Problem solving continuously results in new and exciting 
issues that, according to the studies provided an incentive for continued 
work. This means that progress is maintained in projects until a suitable so-
lution is found; but also in that problem solving results in new insights about 
a problem area.  

Consequently, problem solving provides concrete results in the form of pos-
sible solutions to be tried out. This increases the chances of maintaining in-
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terest and commitment on the part of engineers to stay with a problem until 
the final, solution is achieved and implemented. The motivation and the 
inbuilt creativity and progress-orientation of problem solving processes may 
be a substitute for detailed control and planning. Previous research has 
shown that lower levels of control are beneficial in the development of com-
plex products (Shenhar & Dvir, 1996). 

The interest in technical problems, described in paper IV, led to questioning 
ways of working and procedures, and they were ultimately changed during 
the project. These changes turned out to be of crucial importance for the suc-
cess of the project and would not have happened without the persistence and 
curiosity of a few engineers. The example indicates the need to maintain 
openness to, and opportunities for, reflection and exploration of technical 
problems which may not come within the immediate scope and specifica-
tions of current plans and goals. Explanations of why it is important not to 
narrow the scope in problem solving too early maybe found in previous 
research, which indicates that the most relevant definition of and solution for 
a problem appears after some period of incubation (Wallas, 1949) in (Runco, 
1994). In addition, finding solutions to problems usually requires several 
iterative cycles (Clark & Fujimoto, 1991). 

Problem solving processes depend on goals and plans that are well under-
stood and accepted, see for example Kernaghan et al. (1990). Mistrust of the 
project management was discussed in papers III and IV when experienced 
project members felt that the tasks and plans did not appear to be trustwor-
thy. This had a negative impact on commitment and motivation. Inefficiency 
in problem solving could also be noticed in paper I, where the plans were 
incomplete and did not comply with the competence levels of project mem-
bers. In this case, there was an imbalance between responsibilities, on the one 
hand, and resources and authorities on the other. Having the right authority 
improved the possibilities of making relevant decisions, which is particularly 
important in projects in which rapid adaptation to upcoming situations is 
required (Zika-Viktorsson et al., 2003). 

5.2.3 Directions and restrictions 
The studies show several examples of the importance and effects of the for-
mulation of project goals in technical development work. In paper II, the 
project goals were formulated in a visionary way, with few details, but were 
still perceived as providing clear directions for what was to be achieved. In 
this particular case, a strong commitment to the tasks provided a clear direc-
tion via a goal but left interpretation of its realization to project members. In 
previous research, providing clear goals in combination with freedom as to 
the way in which they are transformed and translated by project members 
into detailed tasks has been found to be positive for creativity (Locke & 
Kirkpatrick, 1995). 
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The mammography project (paper I) involved known technology, and the 
work could be planned on the basis of detailed tasks and goals. Nonetheless, 
the engineers needed to look for new information and knowledge that sup-
plemented their frame of reference in order to fully understand and take 
responsibility for the problem. As a result of this search process, the engi-
neers not only improved their understanding of the problem area, but the 
search also created a sense of ownership of the problem and for finding the 
solution to the task. This example shows that although goals or tasks may be 
specified in detail, it is beneficial for the creativity and sense of commitment 
among project members to include opportunities for exploration of a prob-
lem. It has been stated in previous research that goals in product develop-
ment projects should ultimately generate more questions than answers in the 
interests of constant knowledge creation (Christensen & Kreiner, 1997). 

Lower levels of control in projects, for example in the levels of detail in tasks 
and plans, are common advice in previous research concerning the organiza-
tion of complex product development (Shenhar & Dvir, 1996), and it benefits 
creativity and learning. One way of achieving lower levels of control while 
still providing a clear vision of the project’s final results is to make use of the 
product itself in the technical development work. The products mentioned in 
papers I and II, the mammography system and the milking device, provided 
opportunities to create a mental or physical model of the product. When it 
was possible to relate work tasks or technical problems to a physical product, 
it was easier for engineers to draw up appropriate problem definitions, to 
meet coordination needs between subsystems, and to make appropriate and 
prompt decisions. 

Maintaining a holistic view 
An important success factor in innovation and for the appropriate framing of 
problems is maintaining a holistic or system view in the development work 
(Tidd et al., 1997). Engineers were dissatisfied with their work situation in 
projects in which technical solutions were developed in isolation from the 
functionality of the total system (see Papers I, III and IV). In both these cases, 
the detailed technical problem solving of different subsystems became the 
focal point of the project work, ignoring the crucial link with the overall sys-
tem. One interpretation, based on the perceptions of project members, was 
that the quality of solutions was reduced, and also the level of commitment 
to tasks. In these cases, there was a priority or focus mechanism on work 
missing, such as the customer or product. In the telecom project (paper I) the 
size and complexity of the product made it necessary to rely completely on 
technical specifications as guidelines for technical solutions. For the rapid 
test project (Paper III), the problem was instead that reliable technical specifi-
cations could not be produced and that there was no alternative focus 
mechanism.  

Product complexity is another problem in maintaining a holistic view and 
being able to take appropriate decisions. A complex and extensive product is 

 37



 

more difficult to relate to the work process, due to extensive interrelation-
ships, for example, but also as a result of the difficulty of realizing the role of 
subsystems in the overall system or product. Complexity is often concomi-
tant with large projects. There is a risk in larger projects that personal inter-
actions between different functions, competence or areas of responsibilities is 
impaired - an interaction that has been shown to be positive for innovation 
(Allen, 2000); (Tidd et al., 1997); (West, 2002). In paper I, it was shown that a 
complex product, consisting of many subsystems, is hard to relate to in a 
detailed work task or problem. One common way of handling complexity in 
a project is to use more specifications and formal documents. In previous 
research, increased formality has been reported as having a negative impact 
on creativity in work (Ander & Karlsson, 1989), further discussed in Papers I 
and III. 

Customer requirements 
The studies have provided examples of how the customer or user has played 
a part in the sense of commitment and the characteristics of technical devel-
opment work. The project members in papers I and II had a good under-
standing of the customer’s needs. This understanding could reduce the level 
of detail in requirement specifications, leaving more room for being creative 
in solutions and technical specifications, in line with (Ekvall, 1993). Specific 
user needs or requirements for functionality were also used in the studies as 
a way of focusing and providing direction in work. In situations where pro-
ject members could have a more direct relationship or contact with the user, 
a key starting point in technical discussions was how to fulfill the users’ 
needs see papers I and II). The studies show that close contacts with custom-
ers increased the commitment among engineers to find solutions that really 
added value to the product, or for the customer. 

The users’ needs provided clarity about what should be given priority in the 
technical problem solving process, and this is positive for innovativeness in 
that a quick implementation and decision of solutions can be achieved (West, 
2002). In addition, seeing the direct benefit of a technical solution for a user 
resulted in personal satisfaction and commitment to the result. 

5.2.4 Content and frequency of deliveries 
Frequent deadlines with deliveries of functionality in combination with tight 
time schedules are examples from the studies of a project structure that 
might be positive for both commitment and creativity. The case studies show 
that tight deadlines were accepted and perceived as positive challenges, pro-
viding there was a mutual understanding and acceptance of the content of 
the deliveries. Working with deadlines made it possible for project members 
to influence decisions, and commitment to the tasks and meeting deadlines 
became an important factor supporting the progress of the project. This way 
of working has similarities with what previous research labels an “activation 
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strategy” (Svensson & Otter, 2001). The main idea in this strategy is to 
achieve high involvement in work which supports creativity. 

The fact that the exact content of the deliveries at each deadline in two of the 
cases studied (papers I and II) were negotiable made a difference to the tech-
nical development process and the sense of commitment. Negotiations took 
the form of a dialogue between members and project managers. This dia-
logue provided different perspectives, reflecting the details of a problem area 
as well as an overall, project level. In earlier research, ensuring a dialogue 
between several functions or positions based on different perspectives has 
been regarded as positive for creativity (Clark & Fujimoto, 1991). 

The goals for the deliveries had high levels of difficulty, but still at a level 
that was perceived as a positive challenge. Challenging goals within a project 
tend to have a positive impact on creativity since they stimulate motivation 
and personal development (Zika-Viktorsson, 2002). When goals and dead-
lines were met, they acted as proof that work had come one step further 
along the line, and that the project group could handle tough deadlines. An 
increasing sense of trust in the capacity and performance of the group can 
enhance job satisfaction and commitment (Meyer, 1997). 

Pressure, for example tough time limits for delivery of solutions, is necessary 
in a development project in order to ensure the development and the imple-
mentation of creative ideas (West, 2002); (Gersick, 1995). When time was 
short in the automatic milking project (paper II), this forced project members 
to think in new ways in order to find rapid solutions. Shortage of time also 
made it necessary to maintain an ongoing and extensive dialogue on priori-
ties in the project.  

However, a combination of high commitment, high pressure, tight time 
schedules and insufficient resources and control, could cause psychological 
stress reactions, such as fatigue (Hovmark & Thomson, 1995), and this also 
happened occasionally in the automatic milking project. But challenge, as a 
way of maintaining pressure in projects, is basically positive; and if goals or 
tasks are challenging this may actually ease the feelings of time pressure and 
provide the satisfaction of achieving a goal together with others, for example 
a project team (Nordqvist, Hovmark & Zika-Viktorsson, 2004). 

5.3 Influencing interaction 
The studies have provided several examples of different kinds of interaction 
with different potential consequences for innovativeness. The studies have 
shown that the way interaction was implemented and its content was an im-
portant factor for chances of achieving successful technical problem solving. 
This section is divided into two parts: formality in interaction and feedback 
mechanisms. 
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5.3.1 Formality in interaction 
Interaction, in the sense of an exchange of information, may take several 
forms in project work. Documents - for example specifications or the alloca-
tion of tasks - may be the type of information exchange with greatest degree 
of formality. Detailed specifications or instructions, as in the telecom project 
(paper I) and rapid test project (papers III-IV), seem to have resulted in con-
strained behavior. The levels of detail in specifications and procedures pro-
vided a sense of that all the information required to solve the task was 
already available. In the rapid test project, this turned out to be an incorrect 
assumption since there was a constant need for adjustments due to new 
insights in a given problem area. In addition, in the above projects, there was 
a need to contact and interact with other people or functions, technical 
experts and the issuers of the specifications. This contact would have 
increased the understanding of the problem and made appropriate adjust-
ments of the problem definition possible, which is positive for creativity 
(Runco, 1994). 

Group meetings may act as a forum in which information can be shared, dis-
cussions held and decisions made on the relevant issues in both a short-term 
and a long-term perspective (papers III and IV). The climate in the project 
groups has been characterized as trustful by their members, which is benefi-
cial for interaction and creativity (Ekvall, 1993). On the other hand, previous 
research has shown that formal meetings normally produce less innovative 
ideas than informal meetings (Westling, 2002). Project teams have in the 
studies included consisted of well educated people with differing back-
grounds and length of work experience. Creativity could be supported by the 
mixture of people and knowledge within the groups. This provided oppor-
tunities for challenging or critically reviewing views or ideas (Brass, 1995). 

The studies show that providing scope for spontaneous interaction, in 
smaller settings, is crucial for the development of new knowledge, and as a 
complement to formal meetings. This is further supported by previous 
research in which Westling (2002) proposes that meetings in informal, 
smaller settings have a higher chance of producing novel and innovative 
interpretations. The interaction and information-sharing in spontaneous 
meetings between individual project members varies greatly as regards 
chances for problem solving, in comparison with project group meetings. 
The actual problem solving in the rapid test project (papers III-IV) took place 
individually, in pairs or in small groups of people. In this particular case, key 
persons or project members could be reached at short notice, which previous 
research has been found to be a positive factor for communication in PD 
projects and one of the key success factors in product development (Allen, 
2000). This interaction was called for as a result of an immediate need to 
make further progress in finding a solution, and this is favorable for the 
iterative nature of problem solving and product development (Clark & 
Fujimoto, 1991). 
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5.3.2 Feedback mechanisms 
In the case of the mammography project (paper I), trying out new solutions 
or ideas in interaction with colleagues was a normal work procedure for 
defining the problem and finding the solution. Multiple and quick iterations 
between, and reflection on, possible solutions were possible in this case, due 
to informal test procedures. The informal and iterative procedures supported 
opportunities for learning. Previous research has characterized this kind of 
learning been as goal-oriented and experiential (Lindkvist, 2001). In the vari-
ous studies, opportunities for feedback and learning were displayed in var-
ied types of testing situations. The higher the degree of interpersonal inter-
action between people involved in testing, the higher the chances of critical 
review and adaptation of solutions and ideas appeared to be, and this has 
been found beneficial for innovativeness (Kivimäki, Lansisalmi, Elovainio, 
Heikkila, Lindstrom, Harisalo, Sipila & Puolimatka, 2000). In addition, a high 
degree of ownership of a problem was noted in the mammography project 
(paper I), in which the development, design and testing were performed by 
the same person or persons.  

When testing was more of a planned activity and performed by a separate 
function, as in the telecom project (paper I), the opportunities for interaction 
and learning between different skills were fewer. A situation of less interac-
tion is especially negative when developing complex products, since the 
higher the levels of complexity in a product and the technology, the higher is 
the need for iterations and the testing of possible solutions within a project, 
see for example Zika-Viktorsson (2002) and Shenhar et al. (1996). 

One interactive testing situation, clearly supporting creativity and innova-
tiveness, was demonstrated in the laboratory for the automatic milking pro-
ject (paper II). In the laboratory, engineers from different functions often met 
in spontaneous constellations and discussed the result of tests and possible 
adjustments of solutions from their respective perspectives. The laboratory 
supported creativity by providing a physical space and arena for cross-func-
tional interaction, in which new ideas were exchanged and discussed (West, 
2002). Project members felt it was inspirational to be able to physically follow 
the progress of the project, and it also increased commitment. The laboratory 
work also supported creativity and motivation because it made it possible to 
see how individual efforts contributed to the whole system (Amabile, 1996) 

5.4 Achieving flexibility and control 
In discussions of practice and research on how to stay innovative, the chal-
lenge of achieving a balance between flexibility and control, for example, is 
often stressed. The findings in this thesis indicate that the really crucial chal-
lenge for many product development projects is to achieve flexibility and 
control simultaneously in operations, rather than arrive at a balance. 
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Interesting research on opposing focuses within organizations has been pre-
sented previously, for example by Westling (2002). He discusses the balance 
between innovation and control, by which he means the balancing act 
between individual action and creativity and control. Innovation and effi-
ciency is discussed by Magnusson (2000), who points to the tension between 
future and present knowledge requirements. The possibilities of switching 
between different modes of organizing in order to implement solutions effi-
ciently in accordance with customer specifications, and pursuing more inno-
vative solutions is discussed in the author’s licentiate thesis (Sundström, 
2002), found in appendix B II. 

All the above discussed focuses are highly relevant to the research presented 
in this thesis, but with one important addition. Project organizations need to 
find ways of working that can support these focuses simultaneously. Project 
organizations have to be in a continuous mode of searching and analyzing 
information and knowledge, and not only as a result of, and reaction to, 
change. Project members have to take a part in framing and defining the 
goals and plans for a project and be prepared to re-define them when new 
insights emerge. 

PD projects often face a product surrounded by uncertainty in terms of 
requirements, specifications and design during the development process. 
Relevant information and knowledge are difficult to find. Technical solutions 
have to be considered as temporary until contradictory insights emerge. The 
work in PD projects has to include self-regulation and the full participation 
of project members. These are the challenges for PD projects in which inno-
vativeness plays an important part. 
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6 CONCLUSIONS 
The purpose of this thesis was to find supporting factors for innovativeness, 
of value to organizations looking for innovative ways of working. In this the-
sis, innovativeness is developed as a multi-theoretical concept with a focus 
on technical development performed by project groups. 

The studies have indicated that ways of working that supported innovative-
ness facilitated lower levels of control, the continuous acquisition of knowl-
edge and a sense of ownership and interest in tasks. The studies have also 
shown that project work has benefited from a continuous and mutual form-
ing and definition of tasks and problems by project members, in order to 
adapt to changes in project or product requirements. 

It can be concluded from the studies that project work must be characterized 
by commitment and interaction if innovativeness is to be promoted. A sense of 
commitment supports quick and adequate decisions as well as the imple-
mentation of technical solutions. Interaction has proved to be fundamental in 
the search for information and the acquisition of knowledge to define and 
solve technical problems. 

It is also concluded in this context that the following factors support innova-
tiveness: interactive product utilization, interactive control mechanisms and 
interactive social environment. One important aim of these factors is to provide 
opportunities for continuous reflection about tasks and problems from 
several perspectives for increased quality in technical solutions. The product 
and control mechanisms are used as means to achieve direction and focus in 
work. The social environment influences the way in which project members 
act and collaborate in their pursuit of project goals. 

The studies indicated that a focus on the product in the technical develop-
ment work was an alternative to detailed planning in solving coordination 
needs and maintaining a system view in a project. The product also helped to 
maintain an interest in and dedication to the project, and to the solution of 
detailed technical problems. The customer could also be utilized to achieve 
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the same kind of positive support for innovativeness, but with restrictions on 
the levels of novelty in solutions. 

Control mechanisms (such as plans, deliveries, goals and specifications) 
within projects have a potential for encouraging interaction and dialogue 
between project members. The interactive characteristics are important 
because product specifications need to be defined as the project progresses. 
Definitions of problems change and new areas of concern emerge as a result 
of an increased knowledge about a product area. Since they provide chal-
lenges, control mechanisms may encourage reflection, learning and dialogue 
between functions and project members, and also a sense of commitment. 

A social environment that supports interaction in project work has been 
shown to be an important factor promoting innovativeness. There are several 
reasons for this. Firstly, the social environment must support technical prob-
lem solving by providing opportunities for spontaneous interaction between 
project members. Secondly, a social environment should support iterative 
ways of working, with continuous feedback on ideas and technical solutions. 
Technical problem solving in projects provide opportunities for learning and 
finding creative solutions. Problem solving has also been shown to be a 
motivational factor in work that supports progress in technical development 
work in the continuous search for technical solutions. 

6.1 Further research 
The findings in this thesis point to a number of important research issues as 
regards ways of increasing knowledge about innovativeness in product 
development projects. 

The effects of increased support for innovativeness as a result of a change in 
the way projects are organized need to be further analyzed. This research 
should be conducted in two separate phases, one before and one after 
organizational changes have been implemented, in order to follow up the 
effects. Interesting effect variables that result from such changes may be seen 
in ways of working and attitudes, in addition to performance variables. 
Examples of performance variables are quality and novelty in products or 
technical solutions, and meeting deadlines and project goals. Data collection 
should include both qualitative and quantitative methods, in order to estab-
lish relationships between variables, as well as details concerning attitudes 
and the context. More than one case is required for the possibilities of sharing 
knowledge and experience between cases and achieving qualitatively rich 
comparisons. 

In order to test the findings in this thesis, it would be beneficial to try them in 
new cases. This could be achieved by a comparative case study to facilitate a 
systematic comparison between cases with similar project and product char-
acteristics. The aim of this study should be to investigate whether there are 
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additional factors that are relevant for innovativeness and to consider the 
impact of contextual factors. Data collection would take the form of inter-
views with project members, and also with managers at a strategic level, in 
order to reveal possible differences in terminology, perceptions and priorities 
as regards innovation. One contextual issue that is relevant for innovative-
ness is to look at the need for innovation in each specific case, with the aim of 
establishing whether the need for innovation has an impact on how innova-
tiveness is supported. 

Another crucial research question is how levels of creativity and innovative-
ness in project work are related to project performance. The investigation 
and establishment of possible relationships between variables for perform-
ance and innovativeness is best conducted in the form of a survey. Relevant 
performance variables include, for example, product quality, time and the 
cost efficiency of a project, creativity in solutions and a creative climate. 

There is no doubt that the leadership in projects has an impact on the work 
climate and project results. The question is what kind of impact leadership 
has on supporting innovativeness, in comparison with organizational 
aspects. Two alternative methods are suggested to investigate this question, a 
survey and observations. A survey facilitates analysis of interrelationships 
between different management practices and styles and, for example, crea-
tive performance. Observational studies of work in projects and project 
groups capture the interaction between leaders and project members and its 
impact on innovativeness. 

6.2 Managerial implications 
This thesis has provided the basis for a number of suggestions as to how 
innovativeness and innovation may be supported at a project level, applica-
ble in industry. 

Delegate problem definition. If it is clear that if responsibility for finding a solu-
tion to a problem is at an individual level, there are a number of positive 
effects in a problem solving context, even if project groups and other func-
tions provide important support in the problem solving process. A similar 
delegation increases interest in and ownership of a problem area, and this 
ensures a faster and more innovative solution and implementation. 

Adjust formulation of goals and tasks to individuals. The formulation of goals 
and tasks is an important factor in increasing the chances of achieving moti-
vation and finding innovative solutions. Goals and tasks must include some 
levels of challenge if they are to support innovativeness. What is considered 
to constitute a challenge is individual, but one common factor among project 
members is an interest in approaching new technology or areas, and finding 
new technical solutions. 
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Include experimentation in work. Opportunities for experimentation are 
important in speeding up learning and progress in the technical develop-
ment in PD projects. Different test procedures are important in achieving this 
learning process, especially when testing can be performed spontaneously, 
and carried out personally by the designer or developer (alternatively by a 
project group). Similar test procedures ensure that feedback on ideas may be 
achieved quickly throughout the development phase. 

Facilitate presence of the product and the customer. Even if products are complex 
and abstract, it is beneficial for innovativeness to visualize the product or the 
project goal (in words, pictures or models), making it a part of the project 
culture. This not only increases motivation for achieving the goal and 
enhances interest in the project, but it also reduces the need for detailed 
plans and descriptions, and this is positive for creativity in problem solving. 
A presentation of customer requirements is not enough to get a sense of the 
customer’s needs and situation. It is not easy to use requirements, often 
stated in a documentary form, as a motivator, and to provide guidance in 
problem solving. The way to achieve a better sense or perception of customer 
needs, and also motivation, is to facilitate more direct customer contacts for 
designers and developers. 

Provide chances for recovery and development as a result of individual development. 
Recovery is not only possible between projects, it can also be achieved within 
an ongoing project. Within a project, recovery may be achieved by permitting 
and supporting competence development or the exploration of new ideas, 
which may be outside the immediate scope of the current project. 
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