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Abstract
The front end is a phase of the innovation process that starts with a new product idea and completes
when firms have developed a new product definition. This phase is critical for many manufacturing
firms. Front-end outcomes is indeed critical to overall product success, market penetration, timeto-market, and financial performance. During this phase, new products are born as ideas, and
subsequently move through screening, project definition, and business analysis. However, this phase
remains poorly understood in the era of more open innovation (e.g., interfirm collaboration).
Although the literature on front end of innovation is well developed, prior studies have largely
focused on bilateral agreements and have overlooked conditions for collaboration with sciencebased partners (universities and research institutes). This is especially true for manufacturing firms,
for which a continuous stream of new product ideas is a key source of competitiveness. To make
things worse, the front end of innovation conducted with external actors involved is often
characterized by incongruent practices by partners, different magnitudes of fuzziness, and
considerable risks in revealing new ideas. Developing new product definitions with different partners
is thus a risky endeavor if mishandled that may seriously compromise competitive advantages of
firms. Therefore, greater knowledge is required to facilitate the collaborative front end with different
types of partners. Against this background, the purpose of this dissertation is to understand how to
manage the collaborative front end in manufacturing firms, with a particular focus on requirements,
capabilities, and conditions.

To fulfil this research purpose, data on manufacturing firms were collected through four case studies
and one survey. In total, this dissertation is based on empirical data from 81 interviews with R&D
members across 10 medium-sized and large manufacturing firms, as well as a survey of 146 small and
medium-sized manufacturing firms. Respondents were based in Brazil or Sweden. The key theories
and literatures covered include coordination modes, control mechanisms, organizational routines,
the resource-based view, and appropriability mechanisms.

This dissertation makes several contributions. First, it extends the front-end literature by presenting
the concepts of systematic idea generation and fuzziness assessment as a prerequisite for improving
front-end performance. Second, this dissertation lists collaboration conditions that help firms
cooperate better with science-based partners. By collaborating with science-based partners, firms

can access codified and tacit scientific knowledge, enabling them to rapidly build on the latest
research insights. The findings suggest particular practices that can be applied to reduce cultural
differences and diminish goal divergence among project members. Third, this dissertation describes
a set of detailed practices to streamline the involvement of different types of partners using diverse
appropriability mechanisms. Ultimately, a theoretical framework is developed to describe how to
manage the collaborative front end of innovation. The theoretical framework explains how
manufacturing firms can use their organizational capabilities to efficiently and safely develop new
product ideas. In particular, the framework identifies the necessary capabilities to explore
mechanisms, practices, and routines in terms of divergent thinking, external expertise, and multiple
opinions. Altogether, these contributions will assist firms to better manage collaborative front end.
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PART I

1. Introduction
This chapter explains my motivation for undertaking this research. The background chapter offers a description
of the research area, followed by a more detailed discussion of the research problems, overall research purpose, and
the specific research questions that underpin this dissertation.

1.1. Background
The front end of innovation—the initial phase of the innovation process—is critical for many
manufacturing firms. The front end starts with a new product idea and finishes when firms have
developed a corroborated product definition. During this phase, new products are born as ideas,
subsequently moving through screening, project definition, and business analysis. These activities,
which are often chaotic, unstructured, and unpredictable, have been referred to using multiple terms
such as early development, idea stage, discovery stage, pre-development stage/tasks, fuzzy front end,
predevelopments, or simply early stage of innovation (Eling & Herstatt, 2017).

The front end of innovation is crucial for the success of manufacturing firms because decisions made
during this phase influence later phases of new product development (NPD). Whereas robust
product definitions help firms achieve overall product success, meet time-to-market, and possibly
enhance financial performance, vague product definitions may result in high costs, delays, and
failures in subsequent stages of the development process (Markham, 2013). Proficient management
of the front end is thus crucial to the success of many leading innovative firms such as Ericsson, GE,
and Shell (van den Ende et al., 2015). However, firms struggle to keep pace with developing
innovative ideas in the face of increasing global competition.

In such a context, interfirm collaboration is helpful (Chesbrough, 2003). In the 2018 R&D Trends
Forecast survey, which covered 97 firms, Innovation Research Interchange concluded that
collaboration with industrial and academic partners would be among the top three most important
innovation tactics for the next three years (Innovation Research Interchange, 2018, p. 33). In the
same vein, scholars have suggested that to generate commercially successful ideas, firms should
acquire and assimilate information from external sources (Thanasopon et al., 2016). Therefore,
collaborations with customers, suppliers, universities, research institutes, and so forth in the early
stages of their innovation processes is recommended. Such open innovation is thought to lead to a
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number of benefits such as a better understanding of market needs, complementary knowledge in
the search for solutions, the use of resources and risks shared out among partners, and greater
commercial returns. Therefore, interfirm collaboration is considered essential for innovative firms.
Such openness stimulates innovating firms to increase innovation productivity and newness, lower
costs, and reduce time to market (Huizingh, 2011). In the era of open innovation, the modus
operandi of innovation activities has been transformed (Chesbrough, 2003), and the early stages in
particular rely on external input, which calls for collaborative front end. This dissertation investigates
the management of the collaborative front end, which constitutes the first phase of the innovation
process, dedicated to developing new product ideas through collaborations with external partners.

Research on how firms can successfully operationalize collaborative front-end activities is notably
fragmented. Collaborative initiatives in the front end of innovation often fail because of a complex
interaction among different types of partners (customers, suppliers, and universities) and a
multifaceted information process (Schweitzer et al., 2016). To address these difficulties, scholars have
advocated particular procedures such as exclusive coordination modes (Du et al., 2014), dedicated
governance mechanisms (Gesing et al., 2014), customized learning strategies (Stevens, 2014),
openness competencies (Thanasopon et al., 2016), evaluation of customer feedback (Fundin &
Bergman, 2003), examination of users dissatisfaction (Fundin & Elg, 2006), and exclusive
appropriability mechanisms (Stefan & Bengtsson, 2017). Although this literature is strong and well
developed, it provides scarce practical insight into how firms can achieve a satisfactory product
definition based on an integrated view of open innovation. In fact, most prior studies have proposed
“golden rules” for successful front-end outcomes but have provided limited guidelines on how to
establish an integrated set of principles for consistent front-end outcomes.

Against this backdrop, I employ three concepts as “theoretical concepts” to analyze and incorporate
related findings. These theoretical concepts—requirement, capabilities, and conditions—support this
dissertation from title to conclusions. My goal is to bring together interrelated findings from the five
papers to offer a coherent theoretical framework. Requirement captures the prerequisites for
collaborative front-end activities and refers to desired practices that must exist before collaborative
front-end activities can take place. Requirement has been explicitly and implicitly used by scholars
to better understand successful implications for inter-firm relationships (e.g., Dekker, 2004; Sutcliffe
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et al., 2000; Teece, 1989) but has been overlooked in the context of collaborative front end.
Capability is a “firm’s capacity to deploy resources for a desired end result” (Helfat & Lieberman
2002, p. 725). In this dissertation, I apply this term in reference to comprehensible practices,
methods, and routines for collaborative front end. Finally, condition intends to observe the
circumstances under which collaborative activities can improve performance. This term has
repeatedly been used in recent surveys of knowledge management (Peeters & Martin, 2017) and
interorganizational governance (Lee & Kapoor, 2017). The purpose of condition is to understand
the influence of external actors and practices on a firm’s procedures.
1.2. Research Problems
In the front-end literature, a substantial number of conceptual and empirical studies have contributed
to our understanding of various challenges that relate to collaborative initiatives. Theories and
concepts in collaboration research such as coordination modes (Zeschky et al., 2014), control
mechanisms (Bonner et al., 2002), organizational routines (Feldman & Pentland, 2003), openness
capabilities (Thanasopon et al., 2016), and appropriability mechanisms (Manzini & Lazzarotti, 2016)
have been investigated at length. However, agreement on a cohesive perspective of collaborative
initiatives still eludes scholars, and new contributions constantly challenge emergent themes (West
& Bogers, 2014). In fact, limited research has been dedicated to understanding how to integrate
different partners’ needs into the front end. Additionally, despite the growing focus on open
innovation practices during the early stages of innovation, collaborative front-end research has not
yet theoretically matured for science-based partners, including universities (Lazzarotti et al., 2016),
research institutes (Danneels, 2002), and even government agencies. There is some evidence that
openness can help teams in the healthcare sector generate innovative solutions (Lettl et al., 2006).
Although the potential for collaboration with science-based partners is ripe for investigation, few
studies have thoroughly explored this issue in the front-end literature. Therefore, a better
understanding of overall collaborative front-end activities that include multiple partners and nonpecuniary transactions is needed. In this chapter, I present and discuss three knowledge gaps that
relate to the need for collaborative front-end activities.

First, the literature on the collaborative front end generally underestimates the importance of
requirements in managing external partners (Spieth & Joachim, 2017). Different procedures may be
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applied at different times during the collaborative front end as the activities move into subsequent
development phases. The collaborative front end has several phases, and each phase has different
goals and needs (Bican et al., 2017). Therefore, interactions with mechanisms may change from
phase to phase. Yet most studies have overlooked which preconditions are expected to be in place
prior to enlisting a collaborative enterprise. Management procedures are thus considered to have the
same influence on the collaborative front end, regardless of the development phase. Disregarding
the preconditions for the collaborative front end leaves little room for managers to distinguish
between the direct and indirect benefits of the partnership, which include coordination costs,
uncertainty of partnering, content and structural compatibility, and shared technological trajectories
(Alexy et al., 2013). In particular, the preconditions that must be in place before collaborative
projects can commence are unknown. Without more nuanced perspectives and guidelines, the
preconditions (or requirements) for a fruitful collaborative front end will remain unclear. Against
this backdrop, I explore the following research question: What requirements facilitate the collaborative
front end in manufacturing firms?

Second, scholars’ knowledge of organizational capabilities to manage the collaborative front end
remains fragmented (Peng et al., 2008) and requires development (Björk et al., 2010; Börjesson &
Elmquist, 2011). While studies have established the importance of collaborative activities for firm
performance, research on the organizational capability of such partnerships remains fractured and
lacks systematic assessment. I see three primary reasons for the fragmented nature of the
organizational capabilities research: inconsistent definitions, sampling challenges, and organizational
complexity. First, the uses and measures of capabilities in the collaborative front end are inconsistent.
Scholars largely agree that capabilities for the collaborative front end include particular activities,
methods, practices, and routines. The source of disagreements tends to relate to the specificities
regarding the core activities necessary for collaborative arrangements and the way that practices,
methods, and routines relate to one another. Second, the intensity of collaborative initiatives varies
by industry type, partner size, and characteristics, which hamper empirical examination (Chesbrough
& Brunswicker, 2014). This challenge is exacerbated by the fact that organizational studies are
generally separated into studies of small, medium-sized, or large companies. Third, collaborative
front-end research faces significant challenges in determining what kinds of capabilities are needed
to manage different types of partners (Du et al., 2014). These misunderstandings arise because
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partners have divergent interests, terminologies, goals, orientations, and cultures. These problems
often lead to mishandled project management practices, including problems with coordination and
control activities. The combination of these three challenges has led to the fragmentation of research
on organizational capabilities for the collaborative front end, with limited cumulative knowledge
building. Consequently, we lack a solid foundation for new knowledge generation that builds upon
robust and consistent approaches to the concepts, definitions, and methods employed, thereby
constraining the findings reported in the literature to relatively isolated streams of research.
Therefore, the current literature requires a synthesis of findings and concepts to first identify and
then explain how manufacturing firms employ organizational capabilities to manage the front end
of innovation. Against this backdrop, I explore the following research question: How do manufacturing
firms use organizational capabilities to manage the collaborative front end?

Third, most prior studies have approached the conditions of front-end activities for front-end
performance from a “closed perspective.” Research has shown that a high percentage of revenue
and profits come from new products, and better performing companies are more proficient at
product development (Markham, 2013). A number of authors assert that the front end of innovation
contributes significantly to NPD success (Bodas Freitas et al., 2017; Spieth & Joachim, 2017).
Nevertheless, there is scarce empirical evidence that supports the statement that collaboration affects
front-end performance or that shows which front-end activities have positive or negative effects
(Koen et al., 2014). Moreover, while collaboration is assumed to be important in general, the
implications of this assumption have not yet been thoroughly investigated. Thus, we can gain a
deeper understanding of the implications of collaboration in the front end by conducting more
refined research on partnerships in this context. Against this backdrop, I explore the following
research question: How do collaboration conditions influence the front end for manufacturing firms?

While the front-end literature has largely acknowledged the importance of collaboration, it offers
scarce insight into overall requirements, cohesive capabilities, and general conditions. The open
innovation literature, on the other hand, provides important insights into the many dimensions of
collaboration and its development at different times with different partners. At the same time,
however, this literature largely ignores the front end in its theoretical models. It also provides very
few insights into the process of interorganizational developments. In the context of the front end,
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where collaboration is important, this is a major shortcoming, and one that this dissertation addresses.
In doing so, I respond to a call for “when, how and how frequently should different types of frontend methods and tolls best be applied?” (Eling & Herstatt, 2017, p. 869).

1.3. Purpose and Research Questions
The purpose of this dissertation is to understand how to manage the collaborative front end in manufacturing
firms, with a particular focus on requirements, capabilities, and conditions. Given this overall purpose and
the research problems described in the introduction, three research questions were formulated. Table
1 revisits these three questions and shows how they are addressed in the appended papers. The
shading in the boxes displays the degree to which each question is addressed in each paper. Darker
shading implies that the question is addressed in greater detail.

Table 1. Research Questions in the Dissertation
Addressed in Paper:
I

Research questions
1. What requirements facilitate the collaborative front end in manufacturing
firms?
2. How do manufacturing firms use organizational capabilities to manage the
collaborative front end?
3. How do collaboration conditions influence the front end for manufacturing
firms?
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II

III

IV

V

2. Theoretical Frame of Reference
To advance our understanding of the collaborative front end and outline requirements, capabilities, and
implications, I used several bodies of literature in this dissertation. In this chapter, the first section reviews the
front-end literature and conceptualizes the collaborative front end. The second section complements the front-end
literature by presenting the managerial practices and mechanisms that can be used to manage the collaborative
front end. The third section indicates pertinent aspects to evaluate and assess front-end outcomes.

2.1. What Is the Front End?
The term front end refers to the early phase of the innovation process. During this phase, firms create
new ideas, give them direction, and set them on the path to new developments (Florén &
Frishammar, 2012). Khurana and Rosenthal (1998) conceptualized the front end as the activities
that take place before any well-structured, formal new product development (NPD) process can
occur. The front end has attracted the attention of researchers and practitioners (Andriopoulos et
al., 2017; Kock et al., 2015; Spieth & Joachim, 2017). This interest is based on the strategic relevance
of the front end for the success of NPD projects, project portfolios, and, ultimately, the organization
as a whole. Despite this growing interest, however, the front end is still considered a thorny subject
enveloped in numerous complications (Stevens, 2014).

The front end is often conceptualized as a set of interrelated routines and processes (for an overview,
see Spieth & Joachim, 2017). Front-end activities are studied either individually (Salter et al., 2015)
or collectively from a process perspective (Cooper, 1990; Florén & Frishammar, 2012; Khurana &
Rosenthal, 1998). The front-end literature is divided into distinct views, and each view focuses on
specific activities that contribute to better performance. Notably, the approach that considers how
firms organize front-end activities and tasks has evolved to adopt different perspectives (see Figure
1). For example, Ajamian and Koen (2002) considered technology development part of the front
end by including these activities in the early stage of the innovation process. Cooper (1990) proposed
a formal “stage-gate” monitoring process, with an up-front development plan and regular reviews.
Throughout the monitoring process, firms create new ideas, perform preliminary assessments of the
feasibility of ideas, and prepare a business case. Each group of activities (or stages) is evaluated against
shared criteria. Similarly, Khurana and Rosenthal (1998) described the front end in terms of phases:
pre-phase zero, phase zero, and phase one. These phases consist of activities such as idea generation,
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concept development, and feasibility planning. These phases are followed by a go/no-go decision
prior to the execution of NPD. Although these frameworks illustrate important aspects of front-end
activities, they are insufficient to describe collaborative activities in detail.

Figure 1 illustrates how front-end activities have been named, developed, and employed over time.
This figure is based on Hempelmann and Engelen’s (2015) structure because of its easily
comprehensible format. It is restricted to frameworks that are broadly discussed in the five appended
papers, the exception being Koen et al. (2001). This figure provides visual stimulus for this dialogue,
which helps identify knowledge gaps and enables further discussion about making contributions and
building a collaborative front-end framework.

Figure 1. Front-end activities (based on Hempelmann & Engelen, 2015)

Notably, Florén and Frishammar (2012) condensed front-end activities into a comprehensive
framework, clarifying some aspects of collaborative activities. Florén and Frishammar’s framework
considered social and political aspects and the influence of some collaborative practices that are
fundamentally recursive. The framework includes three activities: idea/concept (I/C) development,
I/C alignment and I/C legitimization. I/C development activities intend to capture opportunities
and generate ideas. To do so, firms are encouraged to frequently scan, search, and explore
8

technologies and markets. This activity comprises two sub-activities: refinement and screening.
Refinement supports and stimulates the influx of new ideas as inputs, whereas screening constitutes
a control on the development of product I/C through assessment and evaluation. Control refers to
setting directions according to the evaluation of the most promising ideas. Whereas the first subactivity aims to increase the quantity and novelty of ideas, the second aims to reduce their number
and at the same time increase their quality and utility for the firm’s strategy (van den Ende et al.,
2015).

2.2. The Collaborative Front End
To comprehend how manufacturing firms manage the collaborative front end, I drew on several
streams of literature: organizational routines (Feldman & Pentland, 2003), knowledge-based view
(Zack, 2001), resource-based view (Barney, 1991), categorization of partner types (Un et al., 2010),
and appropriability mechanisms (Zobel et al., 2017). These literatures have been used in each paper
to provide a suitable foundation for understanding particular aspects of requirements, capabilities,
and conditions.

First, the literature on organizational routines helps explain the influence of systematicness in
collaborative front-end performance. Second, the knowledge-based view offers a stable foundation
of the causes of fuzziness that impede the development of corroborated product definitions. Third,
the resource-based view provides an overview of the organizational capabilities that help manage
collaborative front-end activities. Fourth, the literature on the categorization of partner types enables
comprehension of partners’ characteristics, incentives, and challenges. Finally, the appropriability
mechanisms literature helps explain how firms can collaborate safely. These literatures are presented
in three sub-sections below.

2.2.1. Requirements for the Collaborative Front End
Researchers have devoted substantial efforts to understanding sources of success in the collaborative
front end by, for example, identifying core activities and success factors (Florén et al., 2017; Velamuri
et al., 2017). Findings often pertain to activities dedicated to integrating external partners either in
idea generation activities through crowdsourcing or idea to market or, alternatively, in idea
development activities during, for example, prototype creation. Overall, the literature on the
9

collaborative front end is well developed (e.g., Spieth & Joachim, 2017). However, practical insights
into the integration of open innovation concepts in relation to the front end, particularly in terms
of requirements, are scarce. For example, Eling and Herstatt (2017, p. 869) called for advanced
knowledge to address “When, how and how frequently should different types of FEI methods and
tools best be applied?” Some studies, however, have provided evidence to answer this question.
These studies include the use of systematicness in specific front-end activities (Koen et al., 2014) and
the assessment of fuzziness in the specific timing of developments (Chang et al., 2007).

Systematicness is defined as the extent to which the firm has repetitive patterns for particular tasks. It
is an important driver of a firm’s success, and it has been investigated under the concept of
organizational routines (Feldman & Pentland, 2003). As a routine, the collaborative front end centers
on recurring patterns of interdependent actions, tasks, and procedures for capturing and developing
feasible solutions. Studies have shown that firms’ innovation performance can benefit from such
routines (Feldman & Rafaeli, 2002). Organizational routines are thus a means of enhancing
consistency and performance (Cohen & Bacdayan, 1994). They allow firms to adapt to changing
circumstances (Feldman & Rafaeli, 2002) and improve efficiency through collective actions (Cohen
& Bacdayan, 1994). However, firms may struggle to consistently invest in, develop, and gain from
formalized systematic front-end routines. In this vein, Koen et al. (2014) indicated that systematic
idea generation could contribute to increasing front-end performance but that additional research
was necessary. However, the contingency aspects and timing for collaboration with external partners
remain unclear. For example, Seidel and Fixson (2013) concluded that the simple application of
design thinking methods in the front end does not lead to optimal results. Instead, the right
application regularity and the right combination of methods are important. These findings serve as
inspiration for this dissertation in terms of the concept of requirement because they shift attention
toward investigating how and in which situations the collaborative front end is best applied.

Furthermore, systematic idea generation involves collecting ideas from internal and external sources
(Dahlander & Gann, 2010). Internal systematic idea generation is characterized by idea sourcing,
scouting, sharing, and recoding using internal actors (Koen et al., 2014), whereas external systematic
idea generation involves capturing ideas from external actors in the value chain (Du et al., 2014;
Gesing et al., 2015). Although the benefits of systematic procedures have been widely discussed in
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other research fields (e.g., organizational learning and leadership), the proposed relationship between
systematic idea generation routines and front-end performance is poorly understood. In fact, most
of the studies that have examined the relationship between idea generation and performance assume
a linear relationship and, surprisingly, overlook the influence of external partners (Koen et al., 2014;
Langerak & Hultink, 2005). This is an important line of inquiry for the collaborative front end, but
it has so far been underexplored (Koen et al., 2014).

Fuzziness represents a lack of clarity or the absence of sharp outlines. Fuzziness is part of the front
end because of the inherent unpredictability and often-chaotic characteristics of the early stage of
innovation (Koen et al., 2001). The front-end literature identifies three distinct sources of fuzziness:
uncertainty, equivocality, and complexity (Stevens, 2014). Uncertainty is defined as insufficient facts
and knowledge to define a product (Chang et al., 2007). Equivocality refers to situations in which
there are multiple, conflicting interpretations of the same data, facts, and information (Frishammar
et al., 2011). Complexity denotes the number of situational elements and relationships that must be
coordinated or simultaneously considered to envision a solution (Stevens, 2014).

Scholars have suggested that sources of fuzziness largely impede assertive front-end activities.
Accordingly, fuzziness can be managed through particular managerial approaches. For idea
development activity, Alam (2006) indicated that uncertainty hinders envisioning adequate product
definitions because the customer’s needs are often unclear. In contrast, Ogilvie (1998) suggested that
low degrees of uncertainty might enhance an innovator’s creativity. Regarding idea refinement
activity, Cooper (2006) suggested that equivocality can provoke delays in feasibility plans because
of divergent perceptions of which resources are needed. In the same vein, Stevens (2014) indicate
that equivocality might create confusion when analyzing feasibility reports by external laboratories.
Although those findings are well developed, they seem insufficient to demonstrate under which
conditions sources of fuzziness should be assessed. More specifically, they fail to show how project
members should evaluate each new product idea concerning uncertainty, equivocality, and
complexity before problem definition and solution development.

Thus, the literature on systematicness and fuzziness has largely contributed to our understanding of
some facets of the front end of innovation. Systematicness has helped firms understand the role of
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accumulative knowledge in organizational practices, but its influence on the collaborative front end
remains unclear. Likewise, fuzziness has contributed to deepening our knowledge of particular
sources of knowledge-related problems, enabling the addressing of challenges and limitations when
developing robust product ideas. I therefore argue the need for a fine-grained understanding of
when manufacturing firms should apply systematic principles in their front-end activities and how
fuzziness assessment can help them develop corroborated product definitions.

2.2.2. Capabilities of the Collaborative Front End
In general, organizational capability is a “firm’s capacity to deploy resources for a desired end result”
(Helfat & Lieberman 2002, p. 725). Assink (2006, p. 219) described the capability to innovate as
“the internal driving energy to generate and explore radical, new ideas and concepts, to experiment
with solutions for potential opportunity patterns detected in the market’s white space and to develop
them into marketable and effective innovations.” Firms that have an outstanding aptitude for
successfully developing new product ideas to enhance their competitive advantage can be said to
have front-end capability (Björk et al., 2010).

Notably, discussions surrounding the key front-end capabilities and the ways in which they are
critical to corporate competitiveness have continued since the early 1990s. Much of the literature in
this area is either conceptual or strongly advocates customers’ involvement in front-end activities.
For example, Schweitzer et al. (2016) argued that firms must identify ways to motivate employees
to think proactively and detect latent customers’ needs. Sas et al. (2017) suggest functional product
concept to avoid costly “trial and error” methods. This argument is consistent with those of
Thanasopon et al. (2016), who cited openness capabilities as a means of generating commercially
successful ideas. Zhang and Doll (2011), argued that internal- and external-oriented capabilities are
important to manage front-end activities, but did not offer any practical guidance regarding the
circumstances under which those capabilities should be applied. Ollila and Yström (2017)
investigated the roles of open innovation collaboration managers, concluding that three roles
(facilitator, tactician, and sensegiver) are important for fruitful collaboration initiatives. Indeed, in
research on front-end capabilities, few studies have addressed the more practical issue of how firms
can develop different ideas. This literature largely offers no sound advice or knowledge on how to
actually administer front-end capabilities for different types of ideas. For example, how should
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managers effectively select organizational capabilities to solve problems that contain, for instance,
multiple sources of fuzziness? Felin and Zenger (2014, p. 924) claimed that “difficulties associated
with both problem formulation and with linking problems to the wider set of activities which the
firm is engaged” are still unknown. Likewise, the literature on front-end capabilities suggests an
extended list of useful practices, methods, and routines, but this research is fragmented, and it
contains no authoritative guidance on when to apply sets of capabilities (Eling & Herstatt, 2017).

Establishing front-end capabilities is largely suggested to either reduce or eliminate sources of
fuzziness (uncertainty, equivocality, and complexity). In fact, the front-end literature has broadly
suggested reduction-based approaches, regardless of the magnitude of fuzziness. To reduce
uncertainty, Koen et al. (2001) advocated capabilities involving the development of “what-if”
scenarios and problem-solving methods. For equivocality reduction, Stevens (2014) recommended
learning practices to organize the communication flow between stakeholders to converge to one
interpretation. For complexity, Stevens (2014) suggested particular capabilities to increase data
processing capacity and analysis. Accordingly, this literature suggests detailed sets of activities to
allow front-end project members to reduce uncertainty, equivocality, and complexity. However,
these insights typically overlook the preliminary conditions that determine either the reduction or
the tolerance of sources of fuzziness. Therefore, the front-end capability literature fails to fully
explain how capabilities interactively work to address different sources of fuzziness.

2.2.3. Conditions for the Collaborative Front End
Recent front-end studies have largely investigated collaborative development involving bilateral
partnerships based on one type of partner such as customers who cocreate value (Sommer et al.,
2015), collaborations between users and suppliers (Bruch et al., 2016), collaborations between firms
and competitors (Vanyushyn et al., 2018), and partnerships between firms and universities (da Cunha
Lemos et al., 2015). Although prior research has highlighted important aspects of each type of partner
and has established some principles for best practices, it lacks sufficient details regarding how to
manage multiple types of partners in collaborations. Spieth and Joachim (2017) provided valuable
examples to manage multiple partners in the front end. In their review of 209 studies, they observed
that firms not only develop ideas locally but also increasingly seek to involve both internal and
external actors in front-end actions, approaching them with a variety of tools such as open calls,
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lead-user workshops, customer voice approaches, idea markets, and crowdsourcing. Although such
overarching guidelines provide valuable findings, they are vague in the way that they present
mechanisms that guide interactive activities such as collaborative prototyping and design thinking.
For example, how can firms adjust their internal capabilities to accommodate (distinct) partners’
interests? Therefore, further research is needed to understand what to modify within current frontend capabilities to successfully develop product definitions.

Successful collaborative enterprises depend on partner type (Du et al., 2014) and the use of
appropriability mechanisms (Stefan & Bengtsson, 2017). To reap all the benefits of collaborative
initiatives and simplify the interaction with external sources of knowledge, scholars have suggested
two types of partners—market- and science-based partnerships (Gesing et al., 2014)—and the use of
formal and informal appropriability mechanisms (Stefan & Bengtsson, 2016).

Market-based partnerships involve actors with close links to markets and end customers. Examples
include partnerships between suppliers and customers. Relations with market actors have been given
different names, including customer cocreation of value (Sommer et al., 2015) and customer–
supplier relationships (Lawson et al., 2015). Besides highlighting traditional market partners such as
those between customers and suppliers, recent studies have suggested that the front end of
innovation can benefit from broader channels such as communities (Dahlander & Wallin, 2006) and
communities of practice (West & Lakhani, 2008). Market-based partners favor the front end in
various ways. First, collaborations with customers offer project members’ first-hand information on
market needs, helping manufacturers establish a foothold in the marketplace (Du et al., 2014).
Collaborations with customers also help firms better understand users’ needs, thereby facilitating
value creation (Prahalad & Ramaswamy, 2004). Second, by collaborating with suppliers firms can
identify potential technical problems early in the innovation process, which enables the
improvement of product reliability and performance (Langerak & Hultink, 2005). It has been
suggested that timely and reliable knowledge about market preferences is the most valuable
information that can be exploited from market-based partnerships. Although such collaborations
represent a rich source of information, scholars have warned of the downsides such as slower and
costlier product development (Knudsen & Mortensen, 2011), as well as over customization of
products.
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Science-based partners include actors with critical views about emergent technologies, knowledge of
scientific methods, and rich sources of successful managerial practices. Scientific research conducted
in collaboration with universities and knowledge institutes benefits manufacturers by offering access
to tacit knowledge and (unpublished) codified knowledge, which allows firms to quickly access the
latest research findings (Du et al., 2014). Therefore, science-based partners work as a radar to identify
applied research that can help project members find solutions to technological challenges. However,
science-based partners present certain challenges for firms. Science-based partners are guided by
knowledge creation and have their own management style that is difficult to influence from the
outside. Such characteristics hamper quick access to codified knowledge and require special
practices.

As a whole, prior research has highlighted the benefits of understanding partners’ idiosyncrasies for
successful collaborative developments. Specifically, recent research has emphasized the importance
of categorizing different types of partners to fully benefit from external sources of knowledge.
However, while recent advances in the front-end literature underscore the importance of open
innovation strategies, this body of literature fails to provide guidelines on how to use such tactics.
In this vein, Eling and Herstatt (2017, p. 868) asked, “what is the impact of applying certain NPD
strategies (e.g., open innovation) on the organization and structure of the FEI?” Thus, additional
research is needed to assess the influence of partners’ idiosyncrasies on front-end structure.

With openness, more strategic information is available, and more people are able to engage in the
strategic conversation about product and technology strategies (Whittington et al., 2011). Managers
make their firm “open” by engaging with a broad set of external actors in their activities, but they
also have to protect their own firm’s knowledge from being copied by competitors (Laursen &
Salter, 2014). This represents an apparent paradox: Openness may actually demand greater attention
to protection (Arrow, 1962). Laursen and Salter (2014) described this as the paradox of openness,
which can be stated as the tension between opposite forces to either share or protect knowledge in
R&D collaborations. The paradox of openness concerns the fact that greater transparency has many
advantages but also carries significant risks (Hautz et al., 2017). Being more transparent, on the one
hand, increases legitimacy and communication among partners (Whittington et al., 2011) and helps
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tacit and complex knowledge exchange. But transparency can also undermine a firm’s
competitiveness to the extent that competitors have access to sensitive information for future
developments (Appleyard & Chesbrough, 2017) and to the extent that customers can use these
activities as a source of information for commercial bargaining and suppliers can use them for
opportunistic behaviors. To reduce risks in collaborative activities, studies have investigated the role
of appropriability mechanisms in the innovation process (Zobel et al., 2017). Empirical research by
Levin et al. (1987) suggested two types of appropriability mechanisms (formal and informal) to
protect innovation activities.

Formal appropriability mechanisms are rooted in laws and are based on intellectual property and
contracts that give firms time-limited rights to exploit their discoveries, designs, and inventions
(Zobel et al., 2017). These formal appropriability mechanisms create incentives for firms to invest
in R&D into discoveries that will later be protected by law. Examples of formal appropriability
mechanisms are legal and contractual mechanisms (patents, design registration, trademarks,
copyright, trade secrets, employee agreements, NDAs, and confidentiality agreements) (Manzini &
Lazzaroti, 2016). Formal appropriability mechanisms provide firms with legal rights that can be used
in cases of litigation and infringement (Hoffmann et al., 2014).

Informal appropriability mechanisms are not explicitly rooted in law. They include practices such as
secrecy, lead-time, and complexity (Neuhäusler, 2012). Lead-time and complexity are based on
confidential and (usually) tacit knowledge that allows firms to benefit from complex new products
and processes that are difficult for other firms to imitate within a short period.

The use of appropriability mechanisms has been investigated at length, but not in depth, with regard
to the collaborative front end. Several scholars have echoed this knowledge gap (Cho et al., 2018).
For example, Luoma et al. (2010) indicated that appropriability mechanisms in the collaborative
front-end are difficult to achieve and are occasionally unsatisfactory. The difficulty surfaces because
terms and concepts at the early stage of the innovation process are underdeveloped, preventing the
codification of these concepts into formal agreements. Manzini and Lazzaroti (2016) demonstrated
how a comprehensive framework can allow firms to protect ideas, technology, and know-how in
collaborations during the NPD process. The authors call for additional research on the front end.
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Spieth and Joachim (2017, p. 117) indicated that “the themes patent and IP strategies and continuity
of values and artefacts are currently underestimated in front-end activity research.” Therefore,
although the literature provides useful insights into how firms can protect concepts during
collaborative activities, it lacks details on the early stage of the innovation process (Spieth & Joachim,
2017). Consequently, new studies are needed.

2.3. Front-End Outcomes
Front-end performance is the result of proficiently accomplishing front-end activities. Proficiency
concerns the execution of a given task that will later be measured against established standards of
accuracy, cost, speed, and completeness. In the front-end literature, scholars argue about the
difficulty in assessing front-end performance in comparison to, for instance, NPD success (Martinsuo
& Poskela, 2011). The challenge emerges because front-end performance is exploratory by nature
as it involves numerous components of uncertainty. Moreover, when conducted proficiently, these
key activities help firms create corroborated product definitions (Florén & Frishammar, 2012). A
corroborated product definition assumes that ill-defined ideas have been assessed by different experts
and have thereby been evaluated against rigorous standards of analysis and criticism. This
corroborated definition is deemed sufficiently stable, clear, and unambiguous because it has
circulated among internal and external actors for critical assessment and validation. Consequently, a
corroborated product definition is an outcome that captures the production of achievable ideas. My
characterization of front-end performance follows Kock et al.’s (2015) approach, which
acknowledges the importance of implementable ideas. Two dimensions of performance are
recognized: efficiency and effectiveness.

Front-end efficiency considers two specific sub-elements from the innovation literature (Brown &
Eisenhardt, 1995). The first element is cost. Cost refers to the efficiency of the front-end activities
concerning how firms productively perform their activities. The productivity aspect stresses the need
for a frugal use of resources to avoid overload or underload of information processing (Zack, 2001).
Examples include the use of a cost-efficient rationing of the budget to perform activities as well as
the use of personnel resources (engineering hours) (Reinertsen, 1999). The second sub-element is
time. It captures the speed with which the idea development, alignment, legitimization, and, finally,
conversion into product definitions are performed. Front-end effectiveness considers the number of
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ideas, average quality, and variance in quality of implementable ideas (Girotra et al., 2010). In
addition to the specific number of ideas, their potential for value generation is also considered part
of front-end effectiveness. Girotra et al. (2010) suggests that the number of ideas generated is
significantly higher when individuals work by themselves, and the average quality of ideas is no
different between individual and team processes.

The front-end literature has presented specific insights into how to employ particular practices,
methods, and mechanisms to manage the collaborative front end. However, the literature on frontend activities in a collaborative context is still fragmented and vague. Specifically, overall requirements,
cohesive capabilities, and general conditions are still scarcely discussed, hence the need for further
studies.
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3. Methods
In this chapter, I present the methods that are applied in this dissertation. The chapter begins with a broad
description of the research methods. This description is divided into sections on the choice of research strategy, the
case or sample selection for each study, and the data collection and data analysis for the case studies and survey.
For consistency, the research quality of the case studies and survey is presented in a separate sub-section.

3.1. Research Strategy
This dissertation was funded by the Brazilian government and was supported by three projects with
a common interest in the collaborative front end. The projects were backed by the Ragnar
Söderberg foundation, the Sammes Stiftelse, and Vinnova. Each supporter contributed to a different
aspect of this research project. The Brazilian government provided stipends and travel expenses to
enable data collection in Brazil, while the other organizations funded the data collection, travel
expenses, conferences, courses, and workshops in Sweden, Italy, and Switzerland. Although the
supporters were not collaborating in an official consortium with a specific research objective, they
were linked by similar research goals regarding the collaborative front end. This group of somewhat
linked supporters gave me freedom to explore the key concepts and features that emerged during
the project. Below, I describe the general process for collecting the data employed in the case studies
and survey that support this dissertation.

This dissertation comprises five individual studies, each pursuing a specific objective and research
strategy. As illustrated in Table 2, I used different research methods to collect and analyze the data
for each study. The methods include, at one extreme, an inductive case study (Gioia et al., 2013),
at the mid-point, a traditional multiple case study with a deliberate use of the literature and a reliance
on exploratory case studies, and, at the other extreme, hypothesis testing and regression analysis
(Hair et al., 2006) based on a large sample of manufacturing firms.

The research method was selected to address specific research questions and achieve a
methodological fit (Edmondson & McManus, 2007). According to the methodological fit concept,
there are three states of theories and research: nascent, intermediate, and mature. Nascent theory
development requires open-ended questions and qualitative data that provide meaning through
interpretation. Intermediate theory research entails proposing relationships between constructs and
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hybrid (qualitative and quantitative) data for preliminary or exploratory testing. Mature theory
refinement involves studying narrow research questions using large-scale quantitative data to reach
generalizable conclusions.

Although the five studies were shaped by specific research questions, this dissertation studied three
broad research questions. The decision to do so was motivated by an intention to bring together
diverse findings from different studies in a coherent manner. Overall, the three research questions
presented in this dissertation investigate intermediate concepts. This required the use of multiple
data analysis methods (content and thematic analysis and multiple regression analysis). Using this
approach, this dissertation aims to “integrate previously separate bodies of work” (Edmondson &
McManus, 2007, p. 1160), thereby enabling methodological fit.
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Idea generation and open innovation in
SMEs:
When
do
market-based
partnerships pay off most?

RQ1 - What requirements facilitate
collaborative front-end activities in
manufacturing firms?

RQ3 - How do collaboration
conditions influence the front end for
manufacturing firms?

Managing collaborative ideation: The
role
of
formal
and
informal
appropriability mechanisms

RQ3 - How do collaboration
conditions influence the front end for
manufacturing firms?

RQ2 - How do manufacturing
firms use organizational capabilities to
manage collaborative front-end
activities?

Untangling capabilities to manage the
front end of innovation

RQ1 - What requirements facilitate
collaborative front-end activities in
manufacturing firms?
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To empirically test how systematic idea
generation routines influence front-end
performance and how market-based partners
affect the relationship between systematic
idea generation and front-end performance

To identify the appropriability mechanisms
that are pertinent in different phases of
collaborative ideation and the way they
influence the effectiveness of protection

To investigate how manufacturing firms
untangle front-end capabilities to manage
sources
of
fuzziness
(uncertainty,
equivocality, and complexity)

To explore how manufacturing firms use
project management practices to manage
interorganizational technology development
with market and sciencebased partners

To empirically study how a manufacturing
firm employed organizational capabilities to
improve front-end outcomes

The front end as a process: The case of a
multinational Brazilian firm

Managing
interorganizational
technology
development:
Project
management practices for market and
sciencebased partnerships

Paper - Objective

Paper - Title

RQ3 - How do collaboration
conditions influence the front end for
manufacturing firms?

Dissertation - Research
Question(s)
RQ2 - How do manufacturing
firms use organizational capabilities to
manage collaborative front-end
activities?

Table 2 – Methodological approaches adopted in the five papers

- Method: Survey
- Sample: 146 firms
- Sweden
- Data analysis: Hierarchical regression analysis

- Method: Multiple case studies
- Sample: 3 firms / 17 interviews
- Brazil
- Data analysis: Thematic analysis

- Method: Multiple case studies
- Sample: 5 firms / 36 interviews
- Sweden
- Data analysis: Thematic analysis

- Method: Multiple case studies
- Sample: 3 firms / 34 interviews
- Sweden
- Data analysis: Thematic analysis

- Method: Single case study
- Sample: Single study / 10 interviews
- Brazil
- Data analysis: Content analysis

Paper - Research strategy

3.2. Case Studies
Case studies are defined as “empirical descriptions of particular instances of a phenomenon that are
typically based on a variety of data sources” (Eisenhardt & Graebner, 2007, p. 25). Unlike studies
based on large-scale quantitative data, case studies make it easier to collect multi-level data about
how collaborative front-end activities unfold over time. Moreover, because case studies usually
imply an iterative process where the researcher moves between data collection (or sampling) and
data analysis, they are also suited to exploring empirically rich questions and discovering new
findings.

Therefore, case studies provide an opportunity to extend theories by developing new concepts and
novel propositions (Eisenhardt, 1989), which is particularly suitable when developing nascent or
intermediate theories of relatively unexplored phenomena (Edmondson & McManus, 2007). In
papers I, II, III, and IV, case studies were used to provide a more complete assessment of the
complex, iterative activities that constitute collaborative front-end activities in manufacturing firms
(Eisenhardt, 1989).

3.2.1. Case Selection
Since a detailed description of case sampling is provided in Papers I to IV, I will not repeat such a
description here. Instead, I describe the process I followed to identify cases in more general terms.
My overall objective, which was to study collaborative front-end activities in manufacturing firms,
has remained consistent over time. In total, I conducted four exploratory case studies (single and
multiple). Each case study investigated a particular research problem within R&D units. In Paper I,
I selected a pioneering large manufacturing firm with established procedures and directives for
collaborative operations (see Muller & Hutchins, 2012). This manufacturing firm was selected
because of its prominence in the Brazilian industrial context. The Federal Research and Project
Finance Agency (FINEP) has cited this company as one of Brazil’s most innovative companies. My
study allowed me to create a theoretical foundation and develop a research question by fusing two
perspectives: that of science and that of practice. The cases for Papers II and III were selected because
all manufacturing firms were medium-sized or large, had well-developed organizational capabilities,
and had well-structured coordination and control activities to manage external actors. These
characteristics meant that the study could provide rich insights into collaborative initiatives.
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Specifically, I conducted a multiple case study of eight multinational manufacturing firms in Sweden.
These manufacturing firms were selected because of their reputation as technologically advanced
firms that were strongly engaged in various types of external collaborations. In Paper IV, I sampled
manufacturing firms that were deeply involved with collaborative initiatives and with welldeveloped procedures regarding the use of appropriability mechanisms. All three manufacturing
firms had internal policies to guide collaborative developments and legal departments devoted to
orienting employees in the use of formal appropriability mechanisms (i.e., patents and legal
agreements).

In sum, all manufacturing firms selected for this dissertation have been engaged in collaborative
initiatives for many years in an attempt to advance their products and technologies. Such sampling
offers a valuable research setting to explore collaborative practices through the lens of relevant
managerial theories (i.e., front-end frameworks, coordination modes, control mechanisms,
organizational routines, and appropriability mechanisms). In each paper, attempts were made to
identify theoretically suitable firms to provide rich informant data that enabled me to analyze and
address particular research questions. The goal throughout the research process was to find as many
cases as possible within the given theoretical, spatial, and resource boundaries. Therefore, exploring
different manufacturing firms’ realities and problems gave me a broad understanding of the study
context and helped me make sense of my data. The group of somewhat linked supporters
encouraged me to conduct independent research and fostered a healthy balance between the
theoretical and practical relevance of my research.

3.2.2. Data Collection
The qualitative data in this dissertation were gathered primarily through individual, in-depth
interviews conducted during site visits to the case firms. Interviews were chosen as the primary
source of information because they can provide insightful information and can be oriented to
research topics (Yin, 2014). Moreover, because my focus was on understanding how manufacturing
firms manage collaborative ideation, the ability to hold back-and-forth discussions with respondents
and ask follow-up questions was important.
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In Paper I, the focus was on understanding how a manufacturing firm employed organizational
capabilities to improve front-end outcomes. To address this question, I conducted 10 interviews
with R&D professionals. The data collected in the interviews were recorded, transcribed, and
grouped according to the theoretical dimensions analyzed at that time. I also used company
documents (project reports, reports of sustainability studies, and minutes from meetings) to support
the description and interpretation of the data. In Paper II, the focus was on how manufacturing
firms use project management practices to manage interorganizational technology development with
market and sciencebased partners. The data were collected through 34 interviews over three
phases. Exploratory, semistructured, and focused interviews with key informants allowed me to
follow up on interesting themes in the data. The informants included senior executives, midlevel
managers, technical specialists, project managers, and engineers working in R&D departments. By
conducting interviews across several hierarchical levels, I was able to establish a broad view of the
organization. This reduced potential position bias. In Paper III, the goal was to understand how
manufacturing firms untangle front-end capabilities to manage sources of fuzziness (uncertainty,
equivocality, and complexity). Data collection was conducted through 36 interviews as well as
workshops and the examination of internal materials (e.g., workflow charts). The respondents
included different members of the R&D department with between 6 and 40 years of experience.
This range of staff positions and experience added diversity to our sample and allowed us to capture
alternative views of the knowledge-related challenges that are inherent in front-end activities. The
goal of Paper IV was to identify the appropriability mechanisms that are pertinent during different
phases of collaborative ideation and to determine how they influence the effectiveness of protection.
In total, 17 interviews were conducted across three multinational manufacturing firms. Respondents
were senior executives, midlevel managers, technical specialists, project managers, and engineers
working in R&D, sales, and procurement. All had substantial experience in ideation projects with
external partners.

In total, 81 interviews were conducted. These interviews form the empirical basis of the qualitative
studies. Crucially, there was an overlap in the data collection for Papers II and III. The interview
guidelines for Paper II included two groups of questions: one on technology development and one
on management of knowledge problems. The data for technology development fully supported
Paper II, but an additional 16 interviews were conducted to complement Paper III. I also had
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substantial help from my research colleagues during data collection. The data collection for Paper II
was initially conducted by David Sjödin and Johan Frishammar. I conducted complementary indepth interviews during the last phase of the data collection. For Paper III, the data were collected
by Vinit Parida, David Sjödin, Johan Frishammar, and Joakim Wincent. Details of data sampling
and the procedures for collecting and analyzing the data are described in detail in Papers I, II, III,
and IV.

3.2.3. Data Analysis
This dissertation presents four case studies that used two data analysis techniques: content analysis
(Mozzato & Grzybovski, 2011; Reim, et al., 2016) and thematic analysis (Fereday & Muir
Cochrane, 2006). Content analysis focused on finding a theme based on the frequency of its
occurrence. Thematic analysis focused on qualifying themes and centered on integrating manifest
and latent contents (Vaismoradi et al., 2013). Such a wide range of techniques enriched my
theoretical foundations concerning the characteristics and limitations of each technique. However,
to bring together the findings of all the studies and develop a theoretical framework, I used thematic
analysis because evaluating the frequency of each concept was not always possible.

First, the interview questions were conceptually clustered into blocks according to the general topic
that they explored. This process enabled further analysis of questions concerning specific themes.
Because of the semi-structured nature of the interviews, respondents sometimes addressed similar
themes at multiple points (e.g., different interview questions) during the interviews. Each interview
conducted for these multiple case studies was transferred to the qualitative data analysis software
(MAXQDA or NVivo) to streamline the data management. The use of qualitative data analysis
software allowed me to use visual tools (maps) and extended lexical searches (software tool) which
optimized my time and enabled quick reports and group discussion. Second, the code tree (or data
structure) was then initially organized as a conceptually ordered display from first-order codes to
overarching dimensions. This procedure was conducted by addressing individual interview questions
and then identifying and summarizing the empirical data to draw a tentative conclusion. This
required multiple readings of the whole transcript for each interview to capture these different
aspects. It also demanded a thorough review of the theory to properly define self-explanatory terms.
Finally, each theme was summarized and later discussed with my co-authors to reach a consensus.
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In many studies, I revisited the empirical data to complement the findings or search for unobserved
practices. This analysis was a continuous, iterative process that demanded repeated readings of the
secondary data, field notes, and interviews, as well as reference to the theoretical framework, as
suggested by Galunic and Eisenhardt (2001). Moreover, the interview data were triangulated using
evidence from secondary data sources, including websites and internal documents (contracts,
presentation material, and workflow charts), which allowed me to complement, interpret, and
validate the interview data. Although the findings were reasonably consistent, several measures were
taken to enhance the quality of the research.

To describe how the data analysis was conducted, I now enumerate the stages of the data analysis in
Paper IV. The data analysis followed the six stages for thematic analysis suggested by Fereday and
Muir-Cochrane (2006). In the first stage, I performed an in-depth analysis of individual transcripts to
identify interesting terms for further coding. In the second stage, I invited external experts to evaluate
and criticize the findings. In stage three, I summarized the data and identified preliminary categories.
This stage entailed reading, listening to, and summarizing the raw data. Secondary data were used
to verify the consistency of the findings. In the fourth stage, I applied a coding template and
complemented the tree with additional codes from interviews, secondary data, and field notes. In
the fifth stage, I connected the codes and identified the principal themes. This stage involved a
comprehensive analysis of patterns in the data and categories for the discovery of latent themes. In
the sixth stage, to get feedback, I shared this manuscript with colleagues who specialized in the
subject. The interactions between the text, codes, categories, and themes in this study involved
several iterations between theory and data before the analysis reached an interpretive phase. At the
end of Paper IV, I present the data structure (or code tree) for transparency and clarity (see Figure
1).
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Figure 1 – Data structure in Paper IV

3.3. Survey
The previous sections discuss the qualitative studies (Papers I to IV). This section discusses the
quantitative study associated with Paper V. Survey design for a quantitative study typically relates to
statistical measurements and illustrates the collection of data that represent a particular population
(Forza, 2002). This method contributes to creating a supported theory and may be exploratory,
confirmatory, or descriptive. In my case, I conducted a survey to test the influence of systematic
idea generation on front-end performance and the moderating effect of market-based partnerships
on this relationship. The research model was designed to study the relationship between systematic
idea generation and front-end performance. Here, I provide a concise description because this
dissertation was predominantly based on case studies and Paper V was briefly explained earlier.

3.3.1. Sample Selection
All sampled firms were manufacturing firms based in Sweden. Data were gathered from two sources:
a postal survey and a Swedish business database, which provided firm-specific data. This study
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employed the European definition of SMEs, so only firms with fewer than 250 employees were
considered to belong to the population for the survey. From this target population, a random sample
of 952 Swedish SMEs was drawn to ensure representativeness. The respondents returned 146 usable
questionnaires, providing a response rate of approximately 15%.

Swedish manufacturing SMEs were selected for three reasons. First, in a small economy such as
Sweden’s, innovation is central to most firms. According to the European Innovation Scoreboard,
Sweden is a leader in innovation and technology, and innovation routines are salient to Swedish
firms at all levels of the economy (World Intellectual Property Organization, 2015). Second,
manufacturing SMEs in Sweden constitute a large and important part of the population. Thus,
selecting manufacturing firms ensured a sample of reasonable size and scope. Finally, narrowing the
sample to a single industry avoided unnecessary “noise” in the data due to industry factors
(Westerberg et al., 1997).

The final sample was characterized by small firms (68% had 1 to 49 employees) and young firms
(88% had been in business for 6 to 15 years). Thus, the sample was representative of European SMEs
(Wymenga et al., 2012). The sample primarily covered five major manufacturing industries:
computer, electronic, and optical products (35%), fabricated metal products (13%), wood and cork
products (7%), machinery and equipment (7%), and food products (7%). The remaining firms (31%)
were grouped into small sets that accounted for less than 6%.

3.3.2. Data Collection
The data were collected by postal questionnaire. First contact was made via regular post through a
package that contained a cover letter describing the study, the questionnaire, and a prepaid return
envelope. Two reminder phone calls were made to raise the response rate. Data collection was
carried out over a four-month period (November 2015 to February 2016). As the unit of analysis
concerned organizational routines (idea generation activities), the questionnaire was addressed to the
CEO of each SME. This respondent was able to provide an overview of the firm’s innovation
activities. The questionnaire was pretested with three CEOs and five innovation management
scholars to check for irregularities and other problems. Based on the results of the pretesting, the
order of certain questions was changed, descriptions of concepts were added, and items, including
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an item on respondent characteristics, were added or removed. If the CEO was unavailable, the
recipient of the questionnaire was asked to forward it to the R&D manager as a qualified party also
involved in idea generation activities.

3.3.3. Data Analyses
Data were analyzed using factor analysis, bivariate correlation analysis, and multiple regression
analyses in SPSS and Stata. The analysis was performed in two steps. In step 1, confirmatory factor
analysis was conducted to determine whether the variables (idea generation, market-based
partnerships, and front-end performance) were distinct constructs. In step 2, bivariate correlation
analysis and hierarchical regression analyses were used to test the relationships between idea
generation and front-end performance and the moderating influence of market-based partnerships.

3.4. Research Quality
3.4.1. Quality Assessment for Case Studies
I relied on two types of qualitative assessments to evaluate the quality of the case studies: reliability
(replication and transparency) and validity (internal, construct, and external) (Yin, 2014). Reliability is
often associated with replication and transparency. Replication occurs when two or more researchers
studying the same phenomenon with the same purpose obtain roughly the same findings. To achieve
replication, I regularly reported the initial data structure to my co-authors through codebooks and
a complementary appendix of quotations and notes. The codebooks enabled retrieval in later studies
and allowed me to revisit earlier results. This practice was particularly relevant in Study III because
of the goal of developing a new theoretical framework to manage sources of fuzziness in the front
end of innovation. Reliability also relates to transparency. To enhance transparency, I regularly
reported the data structure, including first-order codes, second-order themes, and overarching
dimensions. By adopting this data structure, readers could easily navigate back and forth between
empirical evidence and abstract concepts. In addition, case study protocols (i.e., interview guides
and respondent lists) were included in the databases. Each codebook contained case study notes,
documents, and reports collected from the manufacturing firms, as well as the recordings and
transcripts of the interviews collected during the study.
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Validity in a qualitative study refers to trustworthiness. Assessing whether the study is trustworthy
involves determining whether the findings actually reveal what they appear to reveal. To assess
validity, I used internal validity, external validity, and construct validity. Internal validity refers to the
extent to which the researcher can establish a causal relationship between variables (e.g., showing
that X leads to Y). Internal validity is often addressed by pattern matching, which refers to a
comparison between observed patterns and those established in previous studies. However, since
the qualitative studies in this dissertation were more exploratory than explanatory, pattern matching
was not performed.

External validity addresses the problem of assessing whether a study’s findings can be generalized
beyond the realm of the case study (Yin, 2014). The fact that all cases in this dissertation were large
manufacturing firms with similarities in their contextual characteristics helped external validity
because it was easier to see clear patterns and draw valid conclusions. In addition, the use of multiple
cases should strengthen the external validity of this study (Eisenhardt & Graebner, 2007). Although
external validity (generalizability) is somewhat problematic with a research design like the one in
this dissertation, the primary goal was to make analytical generalizations—from empirical results to
theory—rather than extrapolations to a population.

Construct validity was primarily addressed by trying to establish a clear chain of evidence to allow
readers to observe how the results of each study matched the key conclusions. Moreover, as
described above, different data sources (i.e., respondents from different functions as well as secondary
data) were triangulated to increase validity. In particular, a variety of knowledgeable informants was
selected, all with different roles and perspectives (e.g., project engineers, project managers, and
department managers). In some cases, I engaged in interviews with outside sources (e.g., legal
advisers or expert researchers) to highlight preconceptions and biases in the data analysis. This
practice was particularly relevant in Paper IV because it was a single-author paper, which naturally
increases the chances of preconceptions and bias.

Although all of the aforementioned qualitative assessments helped me increase the quality of the case
studies, I acknowledge certain limitations. I recognize that my understanding of how project
members manage front-end challenges is inherently incomplete and that there is never one “true”
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way to describe an event. Consequently, I have tried to be as clear as possible about how I reached
my conclusions, seeking to provide the general implications of my analysis while noting its
contextual limitations.

3.4.2. Quality Assessment for the Survey
Every research study must meet overall quality standards (Forza, 2002). Assessing research quality
helps us understand the trustworthiness of the rationale used in the data selection and analysis. The
quality of data can be assessed using data validity and reliability (Forza, 2002). Notably, research can
be considered reliable when validity exists. Below, I present some criteria for measuring the quality
of my survey-based research. The quality of Paper V was assessed through triangulation, reliability,
and validity.

Triangulation has been widely used in the social sciences as an important means of guaranteeing
trustworthiness. It can be described as the use of different angles or perspectives to observe the
phenomenon under study. Triangulation is achieved when multiple perspectives are used during the
planning stage and/or when interpreting data. On a general level, there are several types of
triangulation, but in Paper V, I primarily used data triangulation and theoretical triangulation. For
data triangulation, I used secondary data and a survey to check the findings and thereby achieve
trustworthiness. For theoretical triangulation, I relied on the organizational routines literature to
develop hypotheses and support my findings. However, other theoretical perspectives such as the
learning literature also contributed to testing the findings.

Reliability in surveys refers to the internal consistency of variables. This internal consistency ensures
that the survey measures the same variables (Forza, 2002). The data assessment performed in Paper
V shows that respondents perceived unique constructs that were conceptually separate. Both
variables and moderator were distinctive variables with non-significant overlaps. We performed two
types of analysis to reach this conclusion: 1) factor analysis at the aggregate construct level and 2)
Pearson’s correlation coefficient analysis at the item level. The first test assessed the factor analysis
between independent variables and moderators. The result shows a strong construct validity with
low cross-loadings. According to threshold levels in the mainstream methods literature, a high crossloading is one that is greater than 0.45 for sample sizes of approximately 150, which was not the
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case in this study (see Hair et al., 1998, p. 112). The second test assessed the intercorrelation
coefficients among all items of our independent variable and moderator. In this study, the
intercorrelation coefficients between items across variables varied from 0.33 to 0.84, which further
underscored the empirical distinction and, therefore, the reliability. We thus concluded that there
was limited intercorrelation (absorption effect) among items.

Validity in surveys describes the plausibility and credibility of research. Construct validity refers to
the degree to which an instrument measures the constructs it claims to measure and the extent to
which the means of the measurement are accurate (Forza, 2002). In other words, it refers to whether
the instrument measures the right concept. For a study to be trusted, it must display internal validity.
This establishes the accuracy of the causal relationships between certain events that lead to other
events. External validity addresses the question of whether the findings and conclusions from the
study are generalizable beyond the actual case. Both internal and external validity are important to
enhance the quality criteria for quantitative studies. To maintain validity, the questionnaire was
pretested by three CEOs from manufacturing SMEs and five innovation management academics to
assess inconsistencies. In addition, the variables were based on existing scales that had previously
been tested and published (in Research-Technology Management, Research Policy, and Journal of Product
Innovation Management). This provided a solid justification for using these measurements.

In sum, surveys based on self-reported data might lead to flawed interpretations. To some extent,
this is inherent in the method (Podsakoff & Organ, 1986). However, using self-reported data is a
common practice in innovation management and front-end research (e.g., Gurtner & Reinhardt,
2016). I therefore highlight this issue in the limitations section of Paper V.
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4. Reflections on my Research Journey
In this chapter, I describe the personal journey I have taken throughout my PhD studies and the life-changing
experiences I have had during the PhD program. Facts and events appear chronologically and reflect the challenges
and achievements that emerged at each stage of my journey.

4.1. Research Journey
My passion for scientific knowledge was sparked during my work in the private sector. Prior to my
PhD studies, I worked with large manufacturing firms such as Johnson & Johnson, Novartis, Pfizer,
Sanofi, and Whirlpool, developing innovative processes, products, and technologies. For more than
14 years, I helped R&D departments of pharmaceutical and household firms improve their products.
The work was enjoyable and entailed collaboration with partners in 14 countries across three
continents. From 2000 to 2008, I worked as a project manager at a medium-sized firm called Pollux
Automation. There, I developed projects, from end to end, for the pharmaceutical industry to
automate processes and ensure regulatory compliance. These projects focused on authentication
technologies using automated inspection solutions for products and packages to mitigate qualityrelated risks. Each project was between 8 and 12 months long and included intense stakeholder
management. From 2008 to 2014, I worked at Whirlpool, a large international firm, to enhance my
managerial practices and expand my horizons. There, I was in charge of translating customers’
problems into successful concepts and products. My formal role was to monitor product portfolio
performance to ensure technology leadership, market share, and progressive profit margins. I visited
customers and partners in North America, Europe, and Asia. In May 2011, I completed an MBA in
International Development at a business school located in Joinville, Brazil. I was now ready to apply
all the best practices I had learned. However, the company’s external scenario changed. In May
2013, I was invited for a formal meeting, titled “wakeup call,” which ultimately transformed my
view of best practices.

The wakeup call meeting was intended to inform all employees that our firm was losing its grip on
technology leadership to Asian competitors. One implication was that Whirlpool’s profitability
started to fall, and the company began to operate largely with an idle manufacturing capacity. The
message from the director was the following: “Don’t panic, but changes must be made, and now!”
My department responded to this call by revising its front-end activities. As a product portfolio
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manager, I was in charge of revising and revitalizing the firms’ front-end tasks and practices and
proposing a new model. My specific role was to assist overseas facilities, located in North America
and Europe, to input their needs into the new front-end process. We created a task force with senior
employees and experts to search for solutions and best practices to revise our front-end activities.
The task force involved benchmarking with global firms and external consultancy. I had a key part
to play in this task force: My job was to contact business schools to search for solutions and valuable
insights. After lengthy conversations with different actors, however, I concluded that the knowledge
provided by business schools was insufficient to help us at that stage. In fact, the list of best practices
and golden rules was unable to help us reestablish our former technology leadership. Best practices
were mainly based on case studies from companies operating in different sectors, in different cultures,
and, most importantly, with a different degree of urgency for change. A particularly memorable
source of frustration was when I tried to adopt the “voice of the customer” method to capture
customers’ expectations, preferences, and aversions. When I asked experts what customers would
expect for the next 5, 10, or 20 years, in most cases, silence filled the room. We realized we had to
access different types of knowledge, sources, and partners.

At this time, I was in the middle of my master’s program, trying to identify a relevant research
problem. On one hand, the aforementioned scenario was very promising because I was “in the
catbird’s seat” for a major research problem and I had plenty of engineers who were willing to
contribute. On the other hand, however, the research purpose for my master’s thesis was still
unclear. There was no correlation between the terms used in my company and those adopted by
academics. But, after an extensive literature review, I encountered relevant insights into my
company’s problem in the literature on the “front end” of innovation. At Whirlpool, the front end
was referred to as the Global Product Leadership plan. Identifying the front-end literature helped
me explore different theoretical models, based on specific logics (linear, chaotic, and recursive),
including specific social and political aspects, and primarily considering the interactions of external
actors. The insights I gleaned from this reading provided me with valuable suggestions to take to
Whirlpool to help improve their front-end activities.

Encouraged by the desire to deepen my scientific knowledge on the management of the front end
of innovation, in June 2012, I contacted some researchers in Europe to start a joint research project.
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At this time, the Brazilian government was offering scholarships for research projects devoted to
increasing the competitiveness of Brazilian industry. In September 2013, I visited four universities
in Europe to determine which university could host my PhD. At Luleå University of Technology
(LTU), I received a personal presentation from the Entrepreneurship and Innovation group and had
a formal interview with senior researchers before they made a final decision. The meeting with
senior researchers was exceptionally positive and in fact led on to a hockey game, dinner, and dance
party. After this, I was onboard for LTU but I research project need to be approved.

My supervisors at LTU and I co-developed a research project, which was approved in April 2014.
I could not image that I was going to Sweden. The research project was intended to explore the
influence of open innovation on the innovation process through the investigation of Brazilian and
Swedish manufacturing firms. The project was originally supported by five manufacturing firms that
were eager to learn more about how such projects should be managed. In June 2014, I landed in
Luleå to pursue my dream of becoming a PhD graduate. Below, I briefly describe my journey
through each study in chronological order.

My first study (Paper I) was the main outcome of my master’s thesis. It was dedicated to general
aspects of the front end of innovation. Although this study was initially rooted in my master’s thesis,
it has since been revised from scratch to include numerous new insights and add-ons, following the
revision process during the PhD program. This study used a process view of the front end to
investigate how the competitive arena had encouraged a Brazilian manufacturing firm to review
front-end activities. Working on this study was an intense yet interesting experience that entailed
not only detailed data collection but also creative conceptual thinking and long discussions. It was
also inspiring to see that our efforts were rewarded with useful advice for the new front-end process
at Whirlpool. In fact, a key contribution of this study was toward front-end practices at Whirlpool.

My second study (Paper II) focused on the early technology development process in large
manufacturing firms. The data collection started in September 2013, with data gathered from
Swedish manufacturing firms. Although the technology shared some similarities with the front end
of innovation, the subject was abstract for me. This study was completely different from anything I
had ever experienced. As a new PhD student, I faced enormous barriers to frame the theory
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properly, design a clear research question, and write a decent manuscript in English. My supervisors
helped me overcome these challenges and write a paper for the CINet conference in Stockholm,
held in September 2015. There, I had the opportunity to attend a PhD workshop, and I realized
that my early weaknesses were not exclusive to me but actually rather common among many PhD
students. All participants presented their challenges and limitations in academic writing in English,
which helped me see that I was not alone in struggling with these issues. After the conference, I was
surprised to know that the paper had been invited for submission to a special issue in Creativity and
Innovation Management. This invitation signaled the beginning of a series of revisions and
improvements to the paper based on comments by reviewers and my supervisors. The study was
finally accepted and published in November 2016. By the end, I was naturally humbled by my
weaknesses but also very proud that I had proved that I could overcome obstacles rather than being
defeated by them. Besides this study, I entered my first sprint triathlon competition in Boden, which
increased my motivation.

The third study (Paper V) focused on front-end activity (idea generation) in small and mediumsized enterprises (SMEs). The research project was part of a larger project, supported by VINNOVA,
in partnership with researchers in Sweden and the United States. The project design started on June
2015, and, by March 2016, I had posted about 2,000 questionnaires for Swedish manufacturing
firms. Above all, the research setting (SMEs) required me to learn about a novel literature and fresh
arguments. I managed to develop a good manuscript, together with my supervisors, which was
presented at a conference in Turin in September 2016. The topic attracted many participants to the
presentation. An editor was also present, and the study was invited for submission to a special issue.
This paper had three rounds of review in Creativity and Innovation Management, and it was formally
accepted in April 2018. Besides this paper, I attended a summer course at the University of St. Gallen
and, as Ofelia, performed a play titled “Shakespeare in 15 minutes.”

The fourth study (Paper III) focused on seven large manufacturers in Sweden. The data collection
was performed in English, and the initial results were presented at the P&OM conference in Havana
in 2016. The original research question was developed to understand how firms achieve proficient
management of their operations in the front end of innovation. After many revisions, I suggested
that we tweak the original idea to explore a recurrent topic in the front-end literature, namely
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sources of fuzziness. My co-authors agreed that this was a high-impact idea and encouraged me to
develop this further. However, the time required to modify the front-end literature and develop a
coherent theoretical framework capable of making a strong theoretical contribution took my original
plan through multiple revisions. At the time, I was working intensively on revisions of the third
study. During this period, I participated in two triathlon competitions in Boden and Umeå.

The fifth study (Paper IV) was a single-author paper that focused on three large manufacturers in
Brazil. The interviews were conducted in Portuguese in February 2017. To achieve coherence with
prior studies, we decided to keep the focus on the front end. This study used literature that was new
to me, and the findings were framed in a particular format (propositions). This context forced me
to learn new concepts and methods to write an understandable and approachable paper. It consumed
a lot of time and effort, but I believe this paper is promising. The experience of writing a paper
alone was better than expected. This paper was examined by distinguished friends in Intellectual
Property studies, presented at ScAIEM workshop, and accepted for a special issue in the International
Entrepreneurship and Management Journal.

As I look back on my PhD journey over the last four years, I feel proud of what and how I have
learned. This experience has contributed to broadening my knowledge of this research area, has
provided me with a better understanding of how to identify and formulate achievable research
problems, and, finally, has developed my intellectual independence and academic integrity. I am
confident that the combination of my R&D experience and PhD studies will help me improve
people’s quality of life and champion sustainable initiatives by producing valuable scientific
knowledge in the future.
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5. Summaries of the Five Papers
This chapter summarizes the five papers presented in this dissertation. A description of each paper is provided to
capture its essence and highlight the findings that are relevant to the research questions addressed in this
dissertation. Specific findings related to requirements, capabilities, and conditions are marked in italics.

5.1. Paper I
The front end as a process: The case of a multinational Brazilian firm

Based on a single case study, this paper explores how a multinational manufacturing firm employs
organizational capabilities to improve front-end outcomes. This paper thereby helps me respond to
my second research question. The study was co-authored with Nério Amboni, Graziela Alperstedt,
and Mário Moraes and was published in Gestão & Produção, 23(3), 2016.

Summary

The new product development (NPD) literature indicates that up to 40% of new products launched
by manufacturing firms fail (Griffin and Page, 1993). The reasons for failure include a lack of
meaningful product uniqueness and unexpectedly high product costs. Numerous studies have shown
that the front end favorably and independently affects overall NPD success, time to market, market
penetration, and financial performance (Markham, 2013). Despite this relevance, front-end
researchers have provided limited empirical insights into how manufacturing firms can improve their
current activities. In fact, most prior studies have suggested best practices regarding successful factors
but have offered an incomplete picture of practices that improve firms’ current front-end activities.
Therefore, the purpose of this study was to explore how manufacturing firms might advance their
front-end activities to create competitive advantages.

The study was based on a literature review and exploratory interviews. It provides insights into
opportunities for the improvement of front-end activities. The study consisted of 10 interviews.
Content analysis was used for the data evaluation.
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The findings highlight the use of internal and external practices to clarify problems and consequences
for consistent concept formulation. The findings stress the importance of presenting ideas to different
internal and external actors to receive feedback that can contribute to robust product definition.
Furthermore, the findings support the use of product teardown practices to monitor competitors’
movements and infer potential technological improvements.

5.2. Paper II
Managing interorganizational technology development: Project management practices for market and science
based partnerships

This paper examines one part of the front end of innovation: technology development. Through
multiple case studies, the paper explores project management practices for market-based and science
based partnerships in three large technologyintensive manufacturers. The study mainly responds to
my third research question. The study was co-authored with David Sjödin and Johan Frishammar
and was published in Creativity and Innovation Management, 26(2), 2017.

Summary

Manufacturing firms increasingly rely on collaboration with external partners to develop front-end
activities such as technology development. Many manufacturing firms struggle to manage the
inherently uncertain and complex front-end activities, especially when external actors are involved
because they may not share the same project management practices in terms of coordination and
control activities. To address this issue, this paper examines suitable project management practices
for market- and sciencebased partnerships in three large technologyintensive firms.

The study was based on multiple exploratory case studies, which enabled comparison and replication
of individual cases. These cases were selected because all manufacturers had wellstructured
coordination and control activities for the management of external actors. Data were collected
between 2013 and 2015 from 34 interviews across three phases of interviews: exploratory, semi
structured, and focused. These interviews were conducted with key informants to follow up on
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interesting themes in the data. The data analysis was guided by the theory using the concepts of
coordination, control, and roles as “sensitizing concepts.”

The results suggest that collaborative front-end activities are problematic because firms lack a
sufficient understanding of their partners and struggle to align their project management practices
with those of their partners. The study provides solutions to these problems by identifying valuable
collaboration conditions for collaborative front-end activities. The study identified project
management practices of coordination and control for each type of partnership. For market-based
partnerships, synchronization of coordination practices and alignment practices for control should
be used. For science-based partnerships, coordination practices should be adapted and control
practices should be performed in parallel. The paper suggests numerous factors that influence
collaborative front-end activities, thereby helping me answer the third research question of this
dissertation.

5.3. Paper III
Untangling capabilities for managing the front end of innovation
Building on the capability-based view, this exploratory study was undertaken to understand how
manufacturing firms untangle front-end capabilities to manage sources of fuzziness (uncertainty,
equivocality, and complexity). The study mainly responds to my first and second research questions.
The study was co-authored with Vinit Parida, David Sjödin, Johan Frishammar, and Joakim
Wincent. The manuscript will be submitted to an academic journal.

Summary

The front end of innovation is where firms create new ideas and concepts. Many manufacturing
firms consider the front end of innovation a major challenge and often end up with less novel
product concepts than they intended. One of the origins of these challenges is so-called fuzziness.
Fuzziness is often rooted in three sources of knowledge problems: uncertainty, which refers to
insufficient information, equivocality, which denotes multiple interpretations of available
information, and, finally, complexity, which refers to situations where many elements of the front
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end interact in a complex way. Focusing on seven manufacturing firms, this article sheds light on
how to develop new product ideas given different degrees of fuzziness. The article draws on
knowledge-based theory and presents a capability-based framework for dealing with sources of
fuzziness.

To gain a deeper understanding of how to manage sources of fuzziness and organizational capabilities
in the front-end process, this study adopted an exploratory case study approach. The study consisted
of multiple case studies of seven large manufacturing firms. The data analysis was based on the
thematic analysis method presented by Braun and Clarke (2006).

The results suggest that a low degree of fuzziness encourages firms to adopt tolerance-based
capabilities, whereas a high degree of fuzziness drives firms to adopt reduction-based capabilities.
Second, the results indicate that uncertainty, equivocality, and complexity have negative as well as
positive effects on collaborative front-end activities. For example, equivocality may obstruct
development efforts but may also trigger consensus formation, which results in better ideas and
product concepts.

These findings contribute to this dissertation by revealing the specific organizational capabilities that
help manage different degrees of fuzziness during collaborative front-end activities, thereby
responding to my second research question. In particular, the findings indicate that manufacturing
firms develop problem-formulation and problem-solving capabilities to reduce sources of high
degrees of fuzziness. They also establish idea refinement and process management capabilities to
tolerate sources of low degrees of fuzziness.

5.4. Paper IV
Managing collaborative ideation: The role of formal and informal appropriability mechanisms

This study identified pertinent appropriability mechanisms for different phases of collaborative
ideation and explored the influence of those mechanisms on the effectiveness of protection. The
findings help address my third research question. I was the sole author of this article, which is in
press at the International Entrepreneurship and Management Journal.
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Summary

Collaborative ideation is broadly acknowledged as an important practice for innovation but a
problematic issue for implementing appropriability mechanisms. The reason for this difficulty is that
the level of uncertainty is high while codification is low because partners work on concepts that are
still vaguely defined and that may be modified during the phases of collaboration. Several
appropriability mechanisms can be employed by firms to protect their knowledge (patents,
copyrights, legal agreements, document management, lead time, and secrecy). However, when they
should be used is still unclear, and no empirical study has examined this issue. Against this backdrop,
this study, which is based on three exploratory cases of manufacturing firms, was designed to identify
which appropriability mechanisms are pertinent at different phases of collaborative ideation and how
they influence the overall effectiveness of protection.

This study provides two important findings. First, the findings suggest that manufacturing firms
define collaborative ideation as a project and therefore coordinate the joint plan under three distinct
phases (preparation, operation, and termination). Second, since each phase of collaborative ideation
has particular needs, manufacturing firms are encouraged to develop particular activities and practices
for safe disclosure of knowledge, ideas, and technologies.

Considering the overall findings of the study, this article contributes to this dissertation by indicating
important collaboration conditions for a safe collaborative front-end process. The results indicate that
before starting a collaborative front-end process, firms must sign legal agreements with partners. The
use of legal agreements discourages misappropriation of information, clarifies relevant information,
and defines the use of information as well as restrictions. The findings suggest that manufacturing
firms should adopt intrafirm secrecy during the operation phase and interfirm secrecy for the
termination phase. Intrafirm secrecy minimizes the risks of (un)intentional knowledge spillover and
reduces the chances of knowledge leakage if project members switch firms, while interfirm secrecy
discourages patent trolls from imitation and provides additional time to further develop new IPs.
Therefore, this paper highlights numerous situations that influence collaborative front-end activities.
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5.5. Paper V
Idea generation and open innovation in SMEs: When do market-based partnerships pay off most?

This study explored the relationship between systematic idea generation and front-end performance
and examined the moderating effect of market-based partnerships on this relationship. This study
mainly responds to my first research question. The study was co-authored with Johan Frishammar
and Vinit Parida. This study is in press at Creativity and Innovation Management.

Summary

Manufacturing firms that are also small- and medium-sized enterprises (SMEs) largely rely on
proficient idea generation to improve their front-end innovation performance, yet the liabilities of
newness and smallness often hamper SMEs’ ability to benefit from systematic idea generation. To
compensate for these liabilities, many SMEs adopt collaborative approaches by cooperating with
market-based partners such as customers and suppliers. This article investigates the relationship
between manufacturing SMEs’ systematic idea generation and front-end performance and
investigates the moderating role of market-based partnerships for SMEs.

The study was based on a survey of 146 manufacturing SMEs. The sample covered five major
manufacturing industries: computer and electronic, fabricated metal, wood and cork, machinery and
equipment, and food products. The data analysis was performed using hierarchical regression analyses
to test the relationships between idea generation and front-end performance and the moderating
influence of market-based partnerships.

This study provides two key findings. First, the systematic idea generation and front-end
performance relationship in SMEs is non-linear, such that disproportionately higher levels of frontend performance are achieved when idea generation activities are highly systematic. Second, the
returns from idea generation are positively influenced by collaboration with market-based partners,
such that external collaboration in the front end pays off most when SMEs have a highly systematic
idea generation process. These results indicate a contingency perspective of external collaboration
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and provide implications for research into the front end of innovation and open innovation in the
context of SMEs.

These results contribute to this dissertation by highlighting conditions for collaborative front-end
activities, thereby answering my first research question. The study extends the discussion on the
central role of market-based inputs in enhancing collaborative front-end outputs. The results imply,
however, that the contribution of market-based partnerships varies according to the situation. This
type of collaboration contributes little when SMEs are in transition between low and high levels of
systematic idea generation (i.e., when SMEs are building such routines but do not yet have them in
place). In contrast, market-based partnerships contribute strongly to performance when idea
generation is highly systematic. This finding implies that manufacturing SMEs may need to dedicate
more resources during transition, which is characterized by high transaction costs and limited
opportunities, to benefit from organizational routines that are not yet fully developed. Therefore,
high levels of systematic idea generation represent a prerequisite for successful collaborative frontend activities.
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6. Toward a Theoretical Framework
This chapter brings together the findings presented in the appended papers to provide fresh theoretical insight into
the topic under study. By drawing on the empirical findings and prior literature, the following sections outline
an emerging framework for managing the collaborative front end. To help with the comprehension of this
dissertation, key terms are highlighted in italics.

This dissertation is an attempt to enrich our understanding of how to manage the collaborative front
end in manufacturing firms, with a particular focus on requirements, capabilities, and conditions.
The current chapter builds on the findings of the appended papers and thus represents an attempt to
move toward a new theoretical understanding (Weick, 1995). To this end, the following sections
outline an emerging framework for the management of the collaborative front end in manufacturing
firms.

The framework, presented at the end of this chapter, is the result of logical reasoning and collective
experiences drawn from the prior literature and the empirical findings presented in this dissertation.
This approach represents a form of sense making (Weick, 1989) of the findings presented in the
appended papers to understand how they can be combined to form a richer theoretical
understanding of the collaborative front end. In this case, the process of creating the framework was
highly inductive and was based on observed phenomena in the empirical setting and the conscious
selection of findings that help scholars and practitioners enhance their understanding of how to
manage the collaborative front end. According to Bacharach (1989, p. 496), “a theory is a statement
of relations among concepts within a set of boundary assumptions and constraints. It is no more than
a linguistic device used to organize a complex empirical world.”

Table 3 shows how the framework’s concepts are linked to the appended papers. It is intended to
help examination and comprehension of the reasoning behind the theoretical framework. Key terms
of each paper are grouped into sets of requirements, capabilities, and conditions. Each term includes
findings that are reported in the appended papers. A full explanation of the findings is presented and
discussed in each paper.
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Table 3 –Framework of concepts in relation to findings in the appended papers
Requirements
Systematic idea generation
- High level of systematic idea generation leads to higher performance (Paper V)
- Intermediate level of systematic idea generation leads to lower performance (Paper V)
Fuzziness assessment
- High degree of fuzziness (Paper III)
- Low degree of fuzziness (Paper III)
Capabilities
Problem formulation capability
- Problem articulation activities (Paper III)
- Team-based problem framing (Paper III)
Problem solving capability
- Solution search activities (Paper III)
- Legitimization of solutions (Paper III)
Idea refinement capability
- Leverage of best practices (Paper III)
- Assessment of external trends and threats (Papers I/III)
Process management capability
- Hybrid process approach (Paper III)
- Dynamic review/evaluation practices (Paper III)
Conditions
Market- and/or science-based collaboration
- Market-based partners: synchronization of coordination practices (Papers II/V)
- Science-based partners: adaptable coordination practices (Paper II)
Appropriability mechanisms
- Legal agreements during preparation phase (Paper IV)
- Document management techniques during operation phase (Paper IV)

6.1. Requirements for the Collaborative Front End
The first research question explored in this dissertation is as follows: What requirements facilitate
the collaborative front end in manufacturing firms? This dissertation provides findings regarding two
particular requirements that help manufacturing firms participate in the collaborative front end and
the possible implications of such preconditions on front-end outcomes. In essence, the findings
indicate that systematic idea generation and fuzziness assessment contribute to the management of the
collaborative front end.

Systematic idea generation is defined as the extent to which activities that relate to capturing ideas and
developing feasible solutions to problems are performed in a repetitive and methodical way. This
dissertation suggests that firms need the ability to manage and benefit from idea generation with
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external partners. Such a notion of collaborative idea generation encourages firms to cooperate with
market-based partners (customers and suppliers). However, capturing more ideas might not lead to
better outcomes. Moreover, if the inflow of new ideas is not organized and optimized, the benefits
gained from external knowledge during the front-end period might not be realized. Therefore, the
findings highlight systematic idea management procedures as a critical requirement to consider prior
to the collaborative front end. For example, such procedures can entail capturing, sharing, and
recoding new ideas in a well-structured manner, thereby increasing the likelihood of understanding
customers’ needs, facilitating access to a larger number of partners and, consequently, to a wider
variety of ideas, and potentially capturing emerging technologies. In particular, the results indicate
that firms can achieve high front-end performance by regularly engaging in collaborative idea
generation. Consequently, systematic procedures should be viewed as a prerequisite for facilitating
the collaborative front end.

Once firms have reached a high level of systematic idea generation and can successfully collaborate
with market-based partners, the findings support the adoption of fuzziness assessment. Fuzziness
assessment refers to the evaluation of new product ideas in terms of three sources of fuzziness:
uncertainty, equivocality, and complexity. Uncertainty refers to insufficient information or
knowledge, equivocality to multiple interpretations of available information, and complexity to
non-simple interactions among a large number of front-end elements. These issues are regarded as
key problems that must be managed in the front end. Engaging in a structured fuzziness assessment
enables firms to select appropriate capabilities according to the magnitude of difficulties in searching
for solutions, thereby exposing new product ideas to appropriate forms of tests, analyses, and
criticisms. Such a process involves internal and external experts. Fuzziness assessment sorts all new
product ideas according to the magnitude of fuzziness. Low degree of fuzziness refers to a situation in
which the solution for a new product idea can be easily accessible, agreed upon, and broken down
into understandable parts. High degree of fuzziness refers to a situation in which the solution for a new
product idea is difficult to access, agree upon, and break down. The results highlight the need for
accurately assessing the fuzziness of an idea to manage it appropriately. In contrast, when the
assessment of fuzziness is inaccurate, the project team risks focusing on an irrelevant issue,
overloading external partners, and occasionally working negligently on critical aspects. Altogether,
the findings suggest that fuzziness assessment is critical for facilitating the collaborative front end
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because it ensures that the level of difficulty expected in collaborations with external partners will
be accurately assessed.

6.2. Organizational Capabilities for the Collaborative Front End
The second research question explored in this dissertation is as follows: How do manufacturing firms
use organizational capabilities to manage collaborative front end? The findings indicate that four
capabilities help manufacturers advance new product ideas toward corroborated product definitions.
These capabilities are problem formulation, problem solution, idea refinement, and process management. They
are organized into two pathways: reduction-based and tolerance-based pathways. The selection of
capabilities depends on the magnitude of fuzziness (high and low) corresponding to each idea.

For a high degree of fuzziness, firms should follow a reduction path by first using problem formulation
capabilities. It represents the firm’s ability to clarify and certify problems, highlights its consequences,
and frames a unified product concept idea. Problem formulation involves two separate activities:
problem articulation and team-based problem framing. Second, manufacturing firms push new
product ideas through what we call problem solving capabilities. This term refers to the firm’s ability to
disentangle framed problems. Problem solving capability rests upon two activities: solution search
activities and legitimization of solutions. When combined, problem formulation and problem
solving help firms disentangle multiple sources of fuzziness and deliver robust front-end outcomes.
For example, challenges related to multiple interpretations of customers’ needs can be addressed
through problem articulation activities dedicated to translating symptoms into well-defined
information requirements with the support of suppliers and universities. Likewise, difficulties in
breaking down idea features or components can be tackled by mapping symptoms of problems to
simplify interpretations with research institutes. These two capabilities together form a reductionbased pathway that helps manufacturing firms identify and synthesize relevant new product ideas
with high degree of fuzziness.

For low degrees of fuzziness, firms apply a tolerance-based pathway starting with what we called idea
refinement capability. Idea refinement capability is the firm’s ability to use prior internal or external
knowledge to validate an idea. According to the findings, idea refinement capability favors the frontend outcome by accelerating concept development using prior experiences (internal and external).
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In particular, idea refinement capability largely relies on using best practices and assessing external
trends and threats. After refining the idea, manufacturing firms use their process management capability.
Process management capability represents a firm’s ability to systematically coordinate and control
front-end activities to quickly progress from a new product idea to a corroborated product
definition. For manufacturing firms, coordination involves the alignment of joint activities among
partners, whereas control entails the monitoring of achievements and already defined results. The
findings indicate that two concepts make up this capability: the hybrid process approach and dynamic
review/evaluation practices. Together, idea refinement and process management capability help
manufacturing firms untangle new product ideas with a low degree of fuzziness, thereby delivering a
robust front-end outcome. For example, in the case of slight divergence of competitors’ movements,
manufacturing firms might tear down rivals’ components with the support of research institutes. In
this case, firms evaluate emerging trends and threats to detect opportunities and encounter hazards
in a timely manner. Moreover, the findings show that inputs from the external context are captured
via practices of external scouting with external experts. When these two capabilities are combined,
they create a tolerance-based pathway.

6.3. Collaboration Conditions for the Collaborative Front End
The third research question explored in this dissertation is as follows: How do collaboration
conditions influence the front end for manufacturing firms? The results show that collaboration
conditions are a key aspect in addition to revising internal activities to generate and assess new
product ideas and build organizational capabilities to develop new concepts and enable collaboration
with external partners. The findings thus indicate that understanding external conditions should not
be neglected but should actually be incorporated into front-end activities. This dissertation offers
evidence of two particular conditions that influence the collaborative front end. In essence, the
findings indicate that market- and/or science-based collaboration and appropriability mechanisms affect
collaborative front-end activities.

Market-based based partners include customers and suppliers. Collaboration with customers and
suppliers provides project teams with direct information on market needs and the components that
are available in the market, thereby helping firms establish a foothold in the marketplace by reducing
the likelihood of product failures. However, assessing the knowledge of customers and suppliers
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requires internal changes because they might have particular schedules, procedures, and
terminologies to run their front-end activities. Therefore, to access this knowledge, firms are
encouraged to modify their internal activities. Modifications include the synchronization of coordination
practices. They benefit firms by reducing misinterpretations. Synchronizing coordination practices are
established by adopting front-end process comparisons and implementing common terminologies
before collaborative development starts. Science-based partners, in contrast, include universities and
research institutes. By collaborating with science-based partners, project teams gain access not only
to tacit scientific knowledge but also to (unpublished) codified knowledge, enabling them to quickly
build on the latest research findings. Scientific knowledge acts like a map for applied research by
equipping firms with a better understanding of the technological space where they search for
solutions to the technical problems they face. However, to integrate scientific knowledge into frontend activities, modifications are also required. The findings suggest that these modifications relate to
embracing adaptable coordination practices, which entail flexible routines for sharing progress with ideas
and concept developments and less detailed activity plans to examine and test new ideas. Although
internal modifications of internal procedures to adapt to partners help firms increase the chances of
developing achievable ideas, the findings also underline the influence of safety conditions in
protecting firms’ knowledge during collaborative front end.

Safety conditions are established using pertinent appropriability mechanisms. The results suggest that
appropriability mechanisms also influence front-end activities. The influence is observed in two
phases of the collaborative activities (preparation and operation). The preparation phase refers to the
period when firms carefully predefine R&D objectives. During this phase, the findings indicate that
firms modify their internal procedures to incorporate a formal appropriability mechanism, named
legal agreement, prior to the collaboration. The findings suggest that legal agreements refer to the act
of establishing mutually binding contracts that stipulate the conditions under which one party
confidentially discloses information to another. However, the results stress the difficulty of using
legal agreements in the preparation phase, showing that firms typically adopt a simple generic
contract that is amended as the collaboration evolves. The influence of appropriability mechanisms
is also observed during the operation phase. During this period, firms engage in sense-making
techniques by gathering insights from problems and establishing a common mindset among partners.
By this stage, firms have already modified their front-end procedures to safely cooperate with
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external partners. Specifically, firms have established new document management techniques to restrict
the use of documents by collaborative project members. Several initiatives have been implemented
to enable the collaborative front end. These include integrating the management of intellectual
property (IP) into the project management structure and formalizing all information created through
particular reports. The adaptation of internal practices to accommodate appropriability concerns
thereby ratifies the influence of such a condition on the collaborative front end.

6.4. Outcomes
Front-end outcomes are often evaluated by examining front-end performance. As the results indicate,
front-end performance depends heavily on proficiently accomplishing front-end activities relating
to requirements, capabilities, and conditions. Proficiency concerns the execution of a given task,
which is later measured against established standards of accuracy, cost, speed, and completeness.
Altogether, the combination of requirements, capabilities, and conditions helps manufacturing firms
enhance front-end performance in terms of efficiency (cost and time) and effectiveness (number of
ideas, average quality, and variance in quality of implementable ideas). Requirements help
manufacturing firms improve efficiency (cost). Systematic idea generation highlights the importance
of operating with a high degree of systematicness to avoid high transactional costs and routines that
are not fully developed for collaboration. Fuzziness assessment stresses the consequences of
conducting an overall evaluation of each new product idea prior to selecting internal capabilities.
Such an assessment helps manufacturing firms balance underload and overload of internal (and
external) information processing. Likewise, capabilities enable manufacturing firms to properly
expose new products to various forms of tests, analyses, and criticisms based on specific expertise,
thereby achieving a corroborated product definition. This set of capabilities therefore contributes to
enhancing front-end effectiveness (implementable ideas). Finally, conditions contribute to both
front-end efficiency and effectiveness. The contribution of efficiency is grounded in a shorter time
to assess external partners. When manufacturing firms properly modify their internal procedures,
according to the type of partner, they accelerate their access of external knowledge and potentially
reduce the time to market. Similarly, appropriability mechanisms contribute to effectiveness because
they help create a better environment for the exchange of ideas, which potentially increases the
chances of developing innovative ideas. By using suitable appropriability mechanisms at different
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stages of the collaborative front end, firms minimize the risk of (un)intentional knowledge spillover
and reduce the likelihood of knowledge leakage if project members switch firms.

6.5. Toward a Framework for Managing the Collaborative Front End
This chapter brings together the findings presented in the five appended papers and responds to all
research questions presented in the introduction of this dissertation. This chapter explains why
systematic idea generation and fuzziness assessment are important aspects for facilitating collaborative
front-end activities. This chapter also shows how manufacturing firms use organizational capabilities
to manage the collaborative front end. Four capabilities—problem formulation, problem solving,
idea refinement, and process management during collaborative front end—are presented. Each is
presented and discussed in terms of its use in the collaborative front end. Lastly, this chapter describes
how collaboration conditions influence the front-end activities for manufacturing firms. The chapter
describes the influence of collaboration conditions when firms must modify their coordination
practices to cooperate with market-based and science-based partners. Likewise, the chapter also
discusses the influence of collaboration conditions when firms adopt legal agreements and document
management techniques in different periods of the collaborative front end.

The framework, presented in Figure 2, illustrates how new product ideas evolve into corroborated
product definitions. First, the framework shows that manufacturing firms first adopt systematic idea
generation and later fuzziness assessment prior to collaborative front end. This sequence of actions
helps manufacturing firms create or capture promising new product ideas for subsequent assessment
of the necessary capabilities to develop these ideas. Second, the framework presents four capabilities
across two pathways that help manufacturing firms efficiently disentangle different types of new
product ideas. This set of capabilities guides firms in matching the magnitude of knowledge problems
with organizational capabilities to improve front-end performance. Third, the framework suggests
that specific conditions influence the collaborative front end in terms of coordination practices across
different periods. The influence is presented in different ways and formats to highlight how external
conditions affect internal procedures. Combining all of these elements (requirements, capabilities,
and conditions) assisted me to address the overall research purpose of this dissertation: How to
manage the collaborative front end.
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Figure 2 – Managing the collaborative front end
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This framework synthesizes the findings presented in the five appended papers. However, not all
findings and relationships are explored. For example, while findings from Paper I offer inspiration
and provide some fundamental concepts and scientific methods to support this dissertation, they are
not explicitly used in this framework.
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7. Discussion
In this chapter, I present the most prominent theoretical and managerial implications for managing the
collaborative front end of innovation. This chapter concludes with a discussion of limitations and suggestions for
further studies.

This dissertation was motivated by the need to understand how to manage the collaborative front
end in manufacturing firms, with a specific focus on requirements, capabilities, and conditions. The
dissertation shows that understanding the influence of collaboration during the front end of
innovation is crucial. This reflects the views expressed by Eling and Herstatt (2017) and R&D
managers at top 500 companies. This issue is also cited as a major challenge in the 2018 R&D Trends
Forecast Report (Innovation Research Interchange, 2018). Therefore, this dissertation contributes
to the work of both academics and managers by advancing our understanding of the complexities
and challenges that lead to improved collaborative front-end activities.

This dissertation primarily makes theoretical and managerial contributions to the front-end
literature. The contributions center on concepts presented and discussed in the theoretical
framework. The proposed theoretical framework describes challenges, linkages, and principles
associated with managing the collaborative front end of innovation. By doing so, the framework
presents novel theoretical and practical insights that complement prior studies of the front end of
innovation. Moreover, the framework responds to the call for further studies to examine “the impact
of applying certain NPD strategies (e.g., open innovation or collaborative) on the organization and
structure of the front-end of innovation” (Eling & Herstatt, 2017, p. 868). Altogether, this
dissertation offers a nuanced explanation of when and how collaborative efforts can enhance frontend performance.

7.1. Theoretical Contribution
The front-end literature highlights numerous benefits of external collaboration as firms attempt to
benefit from new product development activities (Florén & Frishammar, 2012). However, external
collaboration also creates additional challenges for firms as development activities spread across
organizational boundaries and entail great risks (Sjödin, 2013). Indeed, collaboration efforts involve
higher coordination costs and occasionally slower development activities, which can prevent firms
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from fully benefiting from the external knowledge they receive (Knudsen & Mortensen, 2011). To
reap the benefits of collaboration, organizations must first address both potential opportunities and
problems that may arise in collaborative development projects during the front end of innovation
(Majchrzak et al., 2015). In the following sub-sections, I present theoretical contributions in three
areas: requirements, capabilities, and conditions.

7.1.1. Requirements for the Collaborative Front End
This dissertation makes two theoretical contributions to requirements for the collaborative front
end. First, it extends the front-end literature by presenting the concept of systematic idea generation as
a prerequisite for improving front-end performance. Prior research has explored and suggested
dedicated methods (e.g., collaborative prototyping and design thinking) to manage and benefit from
idea generation involving external partners (Bogers & Horst, 2014; Liedtka, 2014). Such a notion
of collaborative idea generation encourages firms to stimulate inputs, interaction, and cooperation
with market-based partners to generate innovative, valuable, and feasible ideas. However, capturing
more ideas might not lead to better outcomes. If the inflow of new ideas is not organized and
optimized, the benefits of gaining external knowledge during the front-end period might not be
realized. Although previous studies have highlighted important characteristics to manage the inflow
of new product ideas (e.g., van den Ende et al., 2015), they have failed to offer clear directives about
which idea generation activities to undertake before initiating the collaborative front end. The
findings presented in this dissertation complement prior studies by suggesting and clarifying two
important aspects regarding idea generation that should be considered before the collaborative front
end. These aspects involve establishing high levels of systematic idea generation prior to
collaboration and avoiding intermediate levels of systematic idea generation, which would incur
high costs without providing benefits. Therefore, this dissertation adds to the collaborative frontend literature by offering a set of detailed directives about systematic idea generation to streamline
the involvement of external partners.

Second, this dissertation advances the front-end literature by presenting fuzziness assessment as a
requirement to improve efficiency in the collaborative front end. Prior literature has largely explored
and suggested ways of reducing sources of fuzziness (Chang et al., 2007; Stevens, 2014). Most prior
studies have been confined to the individual examination of uncertainty (Thanasopon et al., 2016),
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complexity (Alam, 2006), and equivocality, often overlooking the magnitude of fuzziness
(exceptions include Chang et al., 2007, and de Oliveira et al., 2015). However, the management of
sources of fuzziness is a challenging task that often entails the operations of not one but many sources
of fuzziness (Frishammar & Florén, 2012; Stevens, 2014), and an organized assessment is often
necessary. This dissertation complements prior studies with a more practically grounded capabilitybased approach by demonstrating that sources of fuzziness should not be assessed separately. Instead,
the findings advocate the assessment of multiple sources of fuzziness prior to solution searching.
Specifically, the results demonstrate how firms may assess fuzziness for each new product idea prior
to solution searching and consequently orient project members to select and use appropriate
organizational capabilities. Engaging in a structured fuzziness assessment enables firms to select
appropriate capabilities according to the magnitude of difficulty involved in searching for solutions,
and thereby expose new product ideas to appropriate forms of tests, analyses, and criticisms. By
assessing multiple sources of fuzziness as a requirement, firms can prevent the overload of internal
and external experts, thereby contributing to front-end efficiency (cost and time). Firms can also
increase the quality of highly fuzzy ideas by selecting appropriate solution strategies. This finding
contributes to the literature, which advocates the management of multiple sources of fuzziness
(Chang et al., 2011; Frishammar & Florén, 2012; Stevens, 2014).

7.1.2. Capabilities for the Collaborative Front End
This dissertation makes two contributions from the capabilities perspective. First, it extends the
front-end literature, which examines ways to manage sources of fuzziness. Prior front-end studies
have highlighted relevant actions to reduce or eliminate sources of fuzziness by adopting a proactive
customer orientation (Schweitzer et al., 2016), dedicated decision-making methods (Oliveira et al.,
2015), and specific learning strategies (Stevens, 2014). However, such recommendations often
overlook the magnitude of fuzziness. This dissertation instead suggests that not all new product ideas
should be treated in the same way. In other words, whereas some new product ideas demand
fuzziness reduction because they contain high magnitudes of uncertainty, equivocality, and
complexity, others require fuzziness tolerance because they contain low magnitudes of fuzziness.
Consequently, the results indicate that when firms manage all new product ideas in the same way,
the risk of overloading internal and external experts emerges, congesting resources and facilities
(laboratories). This finding indicates that fuzziness reduction is not always beneficial; in some cases,
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fuzziness needs to be tolerated rather than eliminated. These findings contrast with those of
Thanasopon et al. (2016) and Zhang and Doll (2011), who recommend indiscriminate efforts to
reduce sources of fuzziness, regardless of the magnitude of fuzziness. On the other hand, the results
highlight the importance of reducing high degrees of fuzziness and tolerating low degrees of
fuzziness. Overall, this dissertation suggests a contingency approach for managing sources of fuzziness
in the collaborative front end.

Second, this dissertation extends the front-end literature by offering an integrated view of how to
select and use different pathways to develop new product ideas. As suggested, the selection of specific
capability pathways is based on a fuzziness assessment that assumes that each new product idea is
different and requires individual treatment. The use of capabilities presumes that new product ideas
under different conditions (low and high degrees of fuzziness) demand particular sets of capabilities
so that they can be properly examined, analyzed, and tested. The sets of capabilities can be arranged
into two pathways (reduction- and tolerance-based pathways). The findings presented in this
dissertation contrast with those of Schweitzer and Palmié et al. (2016) and Spieth and Joachim
(2017), who considered a fragmented capabilities perspective to manage the front end. Instead,
consistent with Eling and Herstatt (2017), this dissertation explores and suggests particular
circumstances in which to develop new product ideas.

7.1.3. Conditions for the Collaborative Front End
This dissertation contributes to the front-end literature by looking beyond organizational boundaries
and pointing out the scarcity of empirical investigations regarding the influence of market- and/or
science-based collaborations and appropriability mechanisms on internal front-end procedures. This
dissertation thus makes two contributions.

First, this dissertation extends the front-end literature by demonstrating how to cooperate with
science-based partners in the front end. Prior studies have largely investigated the influence of
customers, suppliers, and even users on front-end activities (Schweitzer et al., 2016; Thanasopon et
al., 2016). Such a focus has allowed the front-end literature to elucidate crucial factors to optimize
front-end outcomes. However, collaboration with customers and suppliers might be insufficient to
generate and examine achievable new product ideas (for an overview, see Un et al., 2010). While
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some ideas rely primarily on clarifying customers’ needs and suppliers’ demands, others require
extensive partnerships with universities and research institutes to incorporate novel technologies into
product concepts. By collaborating with science-based partners, firms can access not only tacit
scientific knowledge (Cockburn & Henderson, 1998) but also (unpublished) codified knowledge,
enabling them to quickly build on the latest research findings (Du et al., 2014). Firms might rely on
science-based partners to experiment with new technologies, as well as to refine radical new product
concepts. Thus, the findings presented in this dissertation outline not only the importance of sciencebased partners but also the best way to cooperate with them to enhance front-end performance. In
particular, this dissertation suggests two specific practices (adaptable coordination and parallel
control) that help firms reduce cultural differences and diminish preference divergence among
project members.

Second, it advances the front-end literature by responding to calls to investigate the use of
appropriability mechanisms in collaborative procedures (Manzini & Lazzarotti, 2016). One stream of
literature suggests that firms combine formal and informal appropriability mechanisms (Cohen et al.,
2000; Hall et al., 2014). The complementary nature of appropriability mechanisms has also been
reported in prior studies (Hagedoorn & Ridder, 2012; Manzini et al., 2012). However, the literature
on appropriability mechanisms does not explicitly explain how these mechanisms can be
incorporated during the early stages of the innovation process. In particular, most prior studies have
focused on just one mechanism (Fischer, 2014), yet collaborative ideation is a complex arrangement
that regularly requires the use of multiple mechanisms (Manzini & Lazzarotti, 2016). Often,
therefore, the use of a single appropriability mechanism is insufficient to protect firms’ knowledge.
Although prior studies have highlighted the key characteristics of each appropriability mechanism,
they have failed to offer guidance on when these mechanisms should be applied. Therefore, the
findings in this dissertation enrich the front-end literature (Spieth & Joachim, 2017) by describing a
set of detailed practices to streamline the involvement of different types of partners using diverse
protective practices. This study also complements prior empirical research by suggesting that
distinctive types of appropriability mechanisms are complementary rather than substitutable when
used in different phases of the collaborative front end (Stefan & Bengtsson, 2017). Therefore, when
combined, appropriability mechanisms can maximize the effectiveness of protection.
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7.2. Managerial Contributions
In addition to its theoretical contributions, this dissertation has several implications for managers
seeking to improve their front-end activities. The collaborative front end is a challenge task for
manufacturing firms because it requires complex information processing across organizational
boundaries, often involving multiple types of actors. To this end, this dissertation offers some
managerial implications concerning the requirements, capabilities, and conditions that can assist the
inclusion of partners in front-end activities.

First, managers seeking to engage in collaborative front-end activities with customers and suppliers
must pay special attention to establishing systematic procedures to generate new product ideas even
at the earliest stages of the front end. In particular, the results indicate that inputs from customers
and suppliers are beneficial for front-end outcomes but contingent on special conditions. First, firms
can achieve positive front-end outcomes by regularly conducting systematic idea generation
activities to build stronger routines by capturing, sharing, and recoding ideas. Second, firms can
benefit from organizational arrangements to facilitate idea generation. These arrangements might
include mechanisms to encourage interactions between idea submitters and idea receivers to
strengthen routines. Lastly, intermediate levels of systematic idea generation should perhaps be
avoided during collaborative idea generation with market-based partners. Such intermediate levels
of systematicness are characterized by high transaction and coordination costs as employees are
directed to follow unclear routines, which can prevent firms from fully benefiting from the external
knowledge they receive.

Second, managers are encouraged to instill practices for assessing fuzziness of ideas in the front end.
This assessment is particularly important because ideas at different degrees of fuzziness require
different management approaches. Thus, improved fuzziness assessment practices prior to idea
development enable matching the magnitude of knowledge problems with specific organizational
capabilities to achieve robust product definitions. Moreover, it is important to follow a contingency
approach to managing front-end ideas. On the one hand, low degrees of fuzziness encourage
managers to adopt a “fast-track” tolerance-based route devoted to using their idea refinement
capability and process management capability. On the other hand, the results show the importance
of instilling reduction-based capabilities for ideas with high degrees of fuzziness. Such an approach
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enables manufacturing firms to focus their efforts on complex new product ideas, while stimulating
the adoption of refinement practices for “low-hanging” new product ideas.

Third, this dissertation has implications for the development of front-end capabilities. The front end
is not without its obstacles. The sampled companies all face challenging paths in transforming
promising yet fuzzy ideas into corroborated product definitions. Their development of key
capabilities (i.e., problem formulation, problem solving, idea refinement, and process management)
is integral to their success. Companies seeking to improve their innovative front end should find
ways to develop these key capabilities in their own organizations.

Fourth, the results encourage firms to revise and potentially modify their coordination and control
activities to manage market and sciencebased partners differently during the collaborative front
end. Extensive relational skills have many benefits, as prior research has shown (e.g., McCallum &
O’Connell, 2009), but the proper revision and modification of organizational capabilities based on
an integrated set of practices plays a fundamental role. If organizational capabilities are not revised,
conflict or tension between partners might emerge and hamper collaborative activities. Therefore,
firms attempting to improve the ways they manage collaborative front-end development should
revise their practices to enable effective new product development.

Fifth, the results encourage managers to review their procedures regarding the application of
appropriability mechanisms for the collaborative front end. Formal appropriability mechanisms have
many benefits, but a thorough review of intellectual property (IP) principles based on an integrated
set of practices plays a fundamental role. If appropriability mechanisms are not used, the collaborative
ideation process may become unsafe, potentially outweighing its benefits. Therefore, firms that wish
to improve the ways in which they manage collaborative ideation should review their use of
appropriability mechanisms to enhance the effectiveness of protection.

7.3. Limitations and Future Research
This dissertation makes numerous contributions to the collaborative front end in manufacturing
firms. However, all studies have limitations, and this dissertation is no exception. Still, these
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proposed results and limitations provide opportunities for future research. Three limitations in
particular are worth mentioning.

First, generalizations beyond the sample should be made with caution. Collaborative actions
represent a strategic decision, and the adoption of this action might vary across contexts such as
different sectors or different types of developments (services and processes). This dissertation
examines the front end for new product development in manufacturing firms. While a focused
sampling technique helps account for labor and environmental variations, it potentially reduces
generalizability to other situations. I hope this dissertation motivates future research that tests its
findings in diverse settings such as the financial services.

Second, collaboration can be studied for different units of analysis such as individuals, business units,
ecosystems/communities, firms, regions, or even national innovation systems. To date, research on
collaboration among firms has tended to take place at the firm level, with more recent attention
directed toward groups/activities, an example being this dissertation (West et al., 2014). However,
consistent with broader calls in organizational research (e.g., Lenka, 2018), I highlight the
opportunity for researchers to develop new insights by combining measurement at two (or more)
levels. One possible topic would be to explore how the collaborative front end is developed across
multi-level perspectives.

Third, this dissertation is primarily based on qualitative data. Future research should test the
theoretical model in a quantitative study. The requirements, capabilities, and conditions could form
a basis for operationalizing novel concepts and scales for measuring collaborative front-end activities.
Thus, empirical testing could quantitatively examine the relationship between requirements and
capabilities in front-end performance, as well as the moderating effect of conditions on this
relationship. Future research could also reveal whether there is a difference between cause-andeffect relationships across different industries, sectors, or settings such as product, service, or process
development.
As a personal reflection, I believe that, in the near future, the front-end literature will no longer be
confined to fuzziness reduction or actions to better cooperate with a specific type of partner but will
instead embrace openness governance by considering, for example, tolerance principles and multiple
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actors’ collaborations. Furthermore, I consider that the concepts of the collaborative front end could
be extended to help develop solutions for Grand Challenges such as global health, sustainability, and
poverty reduction. Such Grand Challenges are often complex, have unknown solutions, and consist
of interwoven technical and social components. They may be discrete and have clear goals, like
landing a Mars rover or developing a Zika vaccine, but the path to such outcomes remains utterly
vague. From a global perspective, it is promising to see that new consortia have been formed (e.g.,
ZIKA consortia and the Ellen McArthur Foundation) to address these Grand Challenges (e.g.,
Wilder-Smith et al., 2017). Indeed, new organizational arrangements (e.g., networks) have emerged
to offer major opportunities to exchange knowledge and create valuable solutions. However,
managing such multidisciplinary and global consortia seems extremely challenging. Nevertheless,
studies that investigate the collaborative front end and that consider concepts such as coordination
models or control mechanisms might offer substantial contributions to resolving Grand Challenges.
In the future, I hope to contribute further to this highly socially relevant research agenda.
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Appendix A – Interview protocol for Paper II

Interview guidelines used during Phase C
a. Technology development
1. Describe the technology development and the perception of technology development
processes in your company.
2. What strengths and weaknesses do you see in the way that these processes are currently
implemented and organized?
3. How does a technology development project work in practice in your business? Do you
see problems, conflicts, and potential solutions?
4. How has your company’s process for technology development changed over time?
5. Have you made any changes to the technology development process over the last 10 years?
If yes, why and how? Do you see some reason (e.g., challenges) to improve the process
further?
b. Interorganizational partnership
1. How often do you cooperate with external partners (e.g., universities, research institutes,
customers, and suppliers) in technology development projects?
2. What do you think is most important for your business to succeed with external
partnership projects?
3. What would you need to change if you could choose freely? What are the obstacles?
4. How did collaboration with external partners change over time (e.g., scope, structure, and
partners)?
c. Joint activities with external partners
1. How is the project plan synchronized among partners regarding inputs (objectives),
duration, budget, and expected benefits?
2. Are external partners typically involved in all stages of the joint project? Or are they
involved at specific time points of the technology project?
3. Are the monitoring routines different when external partners are involved in followup
activities (e.g., reports, meetings, and lab visits)? Do you have joint monitoring
procedures?
4. Do you apply any initiatives to ensure that the external partners will work according to
the plan to reduce the likelihood of misunderstandings?
5. How do you conduct review meetings (gates) when external partners are involved in joint
projects? Can you describe it?
6. How are the project criteria (checklist) used to evaluate the deliverables when external
partners are involved (e.g., technical feasibility and risk, potential commercial success,
payback period, etc.)?
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d. Teams and roles
1. Do you think the roles of the internal actors have changed over the last five years to be
able to manage joint projects with external partners?
2. Could you describe the current roles of the internal actors (e.g., steering committee,
project manager, and gatekeepers)?
3. Can you describe the responsibilities of the project manager during the collaboration with
external partners?

74

Appendix B – Interview protocol for Paper III
Background questions
1. What is your formal position and what are your responsibilities?
2. What is your education and industrial background and how long have you been working
for your current employer?
Theme 1: General questions about the front end
1. Can you describe the creation and development of new ideas and concepts at your firm?
a. How do you do it?
b. What works well?
c. What can be improved?
d. What are the key challenges and opportunities for your firm in the front end?
e. Who evaluates the quality of emerging ideas and concepts at your firm?
2. How does your firm ensure that the ideas and concepts under development get internal
(firm) acceptance as well as (future) market acceptance?
3. Which person or function has the greatest influence over idea and concept development
at your firm, and how do they exert that influence?
Theme 2: Front-end capabilities and resources
1. Think about a “successful” front-end development process that you have been involved
with or know about, where “successful” means that a clear and unambiguous idea and
concept was created.
a. Why do you think this development effort was successful?
b. For this development, could you list and describe which resources were used?
c. For this development, were there any particular resources that you specifically did
not use but that could have been helpful?
d. For this development, could you list and describe which capabilities were used?
e. For this development, were there any particular capabilities that you specifically
did not use but that could have been helpful?
2. Think about an “unsuccessful” front-end development process that you have been
involved with, where “unsuccessful” means that the idea and concept failed and did not
enter formal development.
a. Why do you think this development effort was unsuccessful?
b. For this development, could you list and describe which resources were used?
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c. For this development, were there any particular resources that you specifically did
not use but that could have been helpful?
d. For this development, could you list and describe which capabilities were used?
e. For this development, were there any particular capabilities that you specifically
did not use but that could have been helpful?

76

Appendix C – Interview protocol for Paper IV
Background questions
1. Background:
2. Years of experience:
3. Major task responsibilities:
4. Experience with collaborative ideation to create new products:
Interview questions
I invite you to think about experiences and key events while you answer the following questions:
Group A – Collaborative ideation
1. Can you briefly describe previous collaborative ideation projects conducted with partners
(e.g., customers or suppliers)?
2. Can you describe the ideation activities involved in this project?
3. How was collaborative ideation planned, executed, and coordinated in this project?
Group B – General questions about appropriability mechanisms
1. Did you (and/or your firm) apply any type of appropriability mechanism? If so, please
explain how these appropriability mechanisms were used:
2. How does your firm execute appropriability mechanisms to cooperate with partners in
terms of institutional norms, habits, or rules?
3. To what extent do appropriability mechanisms inhibit or enable collaborative ideation?
4. Do you perceive any preconditions to streamlining collaborative ideation based on
appropriability mechanisms?
5. Are there any unintended consequences of using appropriability mechanisms?
Group C – Formal appropriability mechanisms
1. How do formal appropriability mechanisms influence idea generation activities?
2. Are there any unintended consequences of using formal appropriability mechanisms for
ideation? If so, please elaborate:
Group D – Informal appropriability mechanisms
1. How do informal appropriability mechanisms influence idea generation activities?
2. Are there any unintended consequences of using informal appropriability mechanisms? If
so, please elaborate:
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Appendix D – Questionnaire for Paper V
Idea generation
1. Indicate the degree to which your organization has systematic methods for:
a. Capturing and sharing ideas
b. Recoding ideas
c. Capturing ideas from the external environment
2. Market-based partnerships
During idea generation, our organization collaborates with:
a. Customers
b. Suppliers
3. Front-end performance
In this section, we would like to better understand your company’s front-end activities.
a. Our organization is satisfied with our front end of innovation to generate sustainable
competitive advantage.
b. Our organization uses tools and methods to anticipate the next wave of innovation.
c. Our organization is satisfied that our front end of innovation delivers our strategic
objectives.
d. Our organization’s front end of innovation portfolio has an excellent balance across
new product lines, new technology platforms, and new-to-the-world products—
long-term versus short-term, high versus low risk, and across markets and
technologies.
e. Our organization’s front end of innovation portfolio mix is actively managed to
ensure fit with our strategy.
f. Our organization seeks to understand the feasibility of projects regarding marketing
and sales in the front end.
g. Our organization seeks to understand the feasibility of projects regarding the technical
requirements in the front end.

This survey was originally conducted in Swedish and reported in English.
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1RUWK$PHULFD
,QWKHVGHPDQGVIRUHQHUJ\HI¿FLHQF\EHJDQ
WREHLQFRUSRUDWHGLQWR6DEUH¶VSRUWIROLRRISURGXFWV
          
PRGHOEXWVWLOOXVHGLPSRUWHGWHFKQRORJ\7KH¿UVW
SURGXFWXVLQJQHZHQHUJ\HI¿FLHQWWHFKQRORJ\ZDV
FRQFHLYHG DW WKH HQG RI WKLV GHFDGH ,Q WKH VDPH
    # 
DQG RSHQHG D 1RUWK$PHULFDQ RI¿FH %\ WKH HQG
RI WKH V 6DEUH KDG PDQXIDFWXUHG  PLOOLRQ
SURGXFWV 6$%5( 
,QWKHVWKHFRPSDQ\GLYHUVL¿HGLWVSRUWIROLR
        "  
         
    
   
IXO¿OOLQJLWVSURGXFWSRUWIROLR8QWLOWKLVWLPHWKHVH
            
   "       
#    
LWVKHDGTXDUWHUV,QWKHVDPHSHULRGSHUFHLYLQJWKH
           
        '  
WKH.\RWRSURWRFRO 6DEUHODXQFKHGSURGXFWVWKDW
FRXOGEHXVHGZLWKRXWFKORURÀXRURFDUERQV 6KHKDQ
 7KLVGHFDGHZDVDOVRPDUNHGE\DFTXLVLWLRQV
RIRWKHUIDFWRULHVLQ(XURSHDQGDMRLQWYHQWXUHLQ
$VLD 6$%5( 
,QWKH¿UVWGHFDGHRIDQHZPDQDJHPHQW
VW\OH ZDV DGRSWHG E\ 6DEUH 7KH FRPSDQ\ ZDV
SXUFKDVHGE\RQHRILWV86FOLHQWVZLWKWKHREMHFWLYH
       
¿QDQFLDOHI¿FLHQF\DQGH[SDQGLQJWKHJURXS¶V¿QDQFLDO
 "     
  %  
DVD&(2:LWKWKLVQHZPDQDJHPHQWWKHFRPSDQ\
     
KDYH WKH FOHDU YLVLELOLW\ RI IXWXUH ¿QDQFLDO UHWXUQ
$W OHDVW WKUHH SURMHFWV ZHUH HOLPLQDWHG IURP WKH
FRPSDQ\¶VURDGPDS LHLWVGHYHORSPHQWSRUWIROLR 
             
   " 
   # 
LQWKHH[WHUQDOHQYLURQPHQWVXFKDV¿QDQFLDOFULVHV
¿QDQFLDOVWDJQDWLRQRIWKHPDLQFRQVXPHUUHJLRQV
DQGDGYDQFHVE\$VLDQFRPSHWLWRUV
      
6DEUH¶V KDQGOLQJ RI QHZ SURGXFW GHYHORSPHQW
XQGHUZHQW D FKDQJH LQ SRVLWLRQLQJ ,Q WKH SDVW
      # 
WHUULWRULDOH[SDQVLRQ,QUHFHQW\HDUVKRZHYHUDJUHDWHU
HIIRUWKDVEHHQPDGHLQFRQGXFWLQJGLYHUVL¿FDWLRQ
 #   "  
   '  
   (  
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Śǯřȱȱȱȱȱ ȱ
ȱȱ
"            
   
    
        


ŚǯřǯŗȱȱŗȱȮȱ Ȧȱ
,QWKHLQLWLDOSKDVHRUWKHGHYHORSPHQWGLPHQVLRQ
WKHRUJDQL]DWLRQVXSSRUWVWZRSURFHVVHV 
ZRUNVKRSVDQG SUHOLPLQDU\ZRUNVKRSV " %
       #   
 #   "UHJLRQDOZRUNVKRS
         
        
     
ZRUNURXWLQHV,QWKLVDFWLYLW\PHHWLQJVDUHKHOGE\
       
     '  
 (          
  "         
        
       
     "    
     
HYDOXDWHGLQWKHVKRUWDQGORQJWHUPV*LYHQWKLVVXUYH\
   
#      
WKH PDUNHW QHHG SRWHQWLDO YROXPH ¿QDQFLDO UHWXUQ
H[SHFWHGDQGWKHJHQHUDOVFRSHRIWKHSURMHFW)LQDOO\
         
DVFRUHIRUWKHIRXUGLPHQVLRQVHYDOXDWHGXUJHQF\
RIPDUNHWGHPDQG¿QDQFLDOUHWXUQOHDGHUVKLSRIWKH
SURGXFWDQGHDVHRILPSOHPHQWDWLRQYDU\LQJIURP
IRUZHDNHUWRIRUVWURQJHU7KHVFRUHVJLYHQWRHDFK
RSSRUWXQLW\DUHPXOWLSOLHGUHVXOWLQJLQDSUHOLPLQDU\
 #      
DGGUHVVHG¿UVWDQGLQYHVWLJDWHGIXUWKHULQDGHGLFDWHG
  
$SUHOLPLQDU\ZRUNVKRS    
WKHLGHDV¶WHFKQLFDORSSRUWXQLWLHVDQGUHYLHZVWKHQRWHV
    " 
         
         
            
                
  !     
  
      
      
RSSRUWXQLW\ :LWK WKH VFRSH RI WKH SURMHFW UH¿QHG
        
                
GHYHORSPHQWGHSDUWPHQWGHWHUPLQHVWKHFRPSDQ\¶V
      
 %      

$IWHUWKLVDFWLYLW\WKHPDUNHWLQJGHSDUWPHQWPHHWV
     
   
 

Śǯřǯŗǯŗȱ ȦȱęȱǻŗǼ
7KHREMHFWLYHRIWKHUH¿QHPHQWFDWHJRU\DFFRUGLQJ
WR )ORUpQ  )ULVKDPPDU   LV WR LGHQWLI\ DQG
       
     
    "   
SKDVH RI FDSWXULQJ RSSRUWXQLWLHV ,Q WKLV GLUHFWLRQ
DFFRUGLQJWRWKRVHLQWHUYLHZHG
() *WKH¿UVWPRPHQW'UH¿QHPHQW(ZDVFRQVWUXFWHG
GXULQJ WKH PHHWLQJ WKH SRLQWV ZHUH UDLVHG DQG
WKHQFRUURERUDWHGRUUHIXWHGE\WKHSDUWLFLSDQWV«
() *LQWKHFDSWXULQJSKDVH,VDZORWVRIFKDQFHV
EHFDXVHORWVRIWKLQJVFDPHIURPVDOHVDQGWHFKQLFDO
DVVLVWDQFHWKDWZHUHQRWYHU\FOHDU«
( , SHUFHLYHG PDQ\ LVVXHV IRU DGMXVWPHQWV
ZKHUHVRPHPHPEHUVIRUHVHHIXWXUHPRYHPHQWE\
FRPSHWLWRUV$WWKHVHWLPHVVRPHSURMHFWVZLQGXS
EHLQJSDVVHGRYHULQGHWULPHQWWRRWKHUVIRUYDULRXV
UHDVRQVHYHQLQDQLQLWLDOSKDVH

,QWKLVSKDVHWKHDGPLQLVWUDWRUVRXJKWWRFDSWXUH
     % 
DVVHHQLQWKHFRPPHQWDU\RIUHVSRQGHQW(

ŚǯřǯŗǯŘȱ ȦȱȱǻŗǼ
"      
      
JRDORIDVVXULQJWKDWWKHFOLHQWV¶QHHGVDUHPHWDQG
     
FDSWXULQJRSSRUWXQLWLHV,GHDVDQGFRQFHSWVDUH¿OWHUHG
     
DEDQGRQHG$FFRUGLQJWRWKRVHLQWHUYLHZHG
() *LQWKHFRQIURQWDWLRQRILGHDVDFRPPRQSRLQW
ZDVUHDFKHG«,QWKLVSKDVHWKHUHLVFRQVLGHUDEOH
FRQÀLFWZLWKGLIIHUHQWSRLQWVRIYLHZ) *:KDW,
WKLQNLVYHU\LQWHUHVWLQJLVWKDWWKLV\HDUVFDOHVZHUH
FRQVWUXFWHGGLIIHUHQWIURPODVW\HDU'ZKLFKIURP
ZKDW,XQGHUVWRRGLQYROYHGVKRXWLQJ(
() *ZKDW,VDZZDVYHU\PXFKDQHJRWLDWLRQEHWZHHQ
WKHFRQIURQWDWLRQRI5 'DQGVDOHVPDUNHWLQJ«
( , XVXDOO\ JLYH SULRULW\ WR SURMHFWV DIWHU WKH
TXDQWL¿FDWLRQSKDVHFRPSDULQJWKHVHTXHQFHWZR
E\ WZR WR VHH LI WKH OLVW ZDV FRQVLVWHQW ZLWK P\
IHHOLQJ«$QGLWLVDWWKLVPRPHQWWKDWQHJRWLDWLRQ

7
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FRPHVLQWRSOD\«7KHUHPXVWEHDFDOLEUDWLRQRI
WKHQXPHULFPRGHOZLWKWKHIHHOLQJ«
(,WLVQRWRQO\D¿QDQFLDOLQGH[WKDWGHWHUPLQHVRXU
ZRUOG«ZHTXDQWLI\EXWQRWRQO\E\¿QDQFLDOYDOXH
EXWDOVRE\RWKHUDWWULEXWHVVXFKDVWHFKQRORJLFDO
OHDGHUVKLS«

7KH6DEUHFRPSDQ\VXSSRUWVLWVGHFLVLRQVXVLQJD
QXPHULFVFDOHFRPSRVHGRIIRXUFULWHULDWKHPDUNHW
XUJHQF\¿QDQFLDOUHWXUQHDVHRILPSOHPHQWDWLRQDQG
    "      
6DEUHWRHVWDEOLVKSULRULWLHVDQGFUHDWHDQRUGHUHGOLVW
   "      
DVFDOHRIWRDFFRUGLQJWRWKHH[SHFWHGUHVXOW
"          
          

           
       
$IWHUWKHSULRULW\OLVWLVFRQVWUXFWHGDGMXVWPHQWVDUH
  '  (  
          !
     % 
        
       
WKHLQWHUHVWVRIWKHWHDPRIGLUHFWRUV UHVSRQGHQW( 

ŚǯřǯŘȱȱŘȱȮȱ Ȧȱ
7KHDOLJQPHQWGLPHQVLRQKDVWZRFRPSRQHQWV
( ( 
  
ZRUNVKRS(YDOXDWLQJWKHVHWZRFDWHJRULHVRFFXUVLQ
DWZRSDUWVHTXHQFH)LUVWIRULQWHUQDODOLJQPHQWWKH
      
SRLQWVL WKHFDSDFLW\RUDELOLW\RILQWHUQDOUHVRXUFHV
     (   
   %   
     %      
"                
SUHSDUHGOLVWRISULRULWLHVDVGHWHUPLQHGE\WKHFRPSDQ\¶V
OLPLWV 6HFRQG H[WHUQDO DOLJQPHQW FRQGXFWHG E\
     
#  
LQYHVWLJDWLRQ RI WKUHH H[WHUQDO GLPHQVLRQV L  WKH
       (
         
DQGLLL WKH¿QDQFLDOLPSDFWRIWKHSURMHFWVLQWRWDO
      # 
UHTXLUHGIRUGHYHORSPHQWDQGWKHH[SHFWHGUHWXUQV
     # % 
   
  #
       
SXUSRVHRIVHHNLQJWHFKQRORJLFDOOHDGHUVKLS$IWHU
WKLVURXQGRIGHEDWHVVSHFL¿FFRUUHFWLYHHYDOXDWLRQV
DUHFRQGXFWHGIRUSKDVH

ŚǯřǯŘǯŗȱ ȦȱȱȱǻŘǼ
"    
   #   
    
WKH SUHYLRXVO\ HYDOXDWHG RSSRUWXQLWLHV$FFRUGLQJ
WRWKRVHLQWHUYLHZHG
(,QWKLVSKDVHWKHEXVLQHVVPRGHOSUHGRPLQDWHG
EHFDXVHWKHPDUNHWLQGLFDWHGZKDWLWQHHGHGDQG
WKH5 'SHUVRQQHOVDLGWKDWWKLVZRXOGEHSDUWRI
DIXWXUHGHYHORSPHQWRUQRW
(7KHGLVFXVVLRQZRXQGXSIDOOLQJLQWRDQHJRWLDWLRQ
JLYHQWKDWHYHU\RQHZDVQRWDZDUHRIZKDWZDVEHVW
IRU WKH RUJDQL]DWLRQ«:LWK WKLV WKH GHSDUWPHQWV
ZHUHOHIWEDQJLQJWKHLUKHDGVDJDLQVWHDFKRWKHUWR
SURYHZKDWZDVPRVWLPSRUWDQW«7KHUHZHUHPDQ\
FKHFNVRIFRQVLVWHQF\WRHYDOXDWHLIWKHGHYHORSPHQW
PDGHVHQVHFRQVLGHULQJWKHDYDLODEOHUHVRXUFHV
(7KHUHPXVWEHDQHJRWLDWLRQWRDFFRPPRGDWH
WKHSURMHFWVWKDWDUHRXWVLGHWKHPDLQOLVW«7KLVLV
QRWDQLQWHUQDOQHJRWLDWLRQEXWDEURDGQHJRWLDWLRQ
WRHYDOXDWHDOOWKHUHVRXUFHVWKDWZHKDYHDYDLODEOH
DWWKHFRPSDQ\
(7KHUH¶VQRSRLQWLQOHWWLQJDQRSSRUWXQLW\HQWHU
LIZHNQRZWKDWLWZLOOFRQVXPHDOOWKHUHVRXUFHV«
:KDW WKH 5 ' PHGLDWRU GLG DIWHU UHFHLYLQJ WKH
OLVWZDVWROHDYHZLWKWKHOLVWRISURMHFWVXQGHUKLV
DUP DQG QHJRWLDWH ZLWK WKH GHSDUWPHQWV KRZ WR
DFFRPPRGDWHWKHP

,WLVLPSRUWDQWWRHPSKDVL]HWKDWWKHRUJDQL]DWLRQ
RI WKH 5 ' GHSDUWPHQW DW WKH FRPSDQ\ VWXGLHG
              
VHJPHQWGRPHVWLFDQGFRPPHUFLDO7KHGRPHVWLF
PDUNHW FRQVXPHV PRVW RI WKH FRPSDQ\¶V LQWHUQDO
UHVRXUFHVUHDFKLQJXSWRZLWKWKHFRPPHUFLDO
GLYLVLRQ KDYLQJ WKH UHVW ,Q  GXH WR FRQÀLFWV
               
LQWHUQDOGLYLVLRQRIUHVRXUFHVZDVFUHDWHG*LYHQWKLV
     
   % "    
HQFRXUDJHGDGRSWLQJDQHZFRQ¿JXUDWLRQWRGLVWULEXWH
          
         
E\UHVSRQGHQWV(DQG(

ŚǯřǯŘǯŘȱ Ȧȱȱ¡ȱǻŘǼ
" %     
      
DQGIDFWRUVH[WHUQDOWRWKHRUJDQL]DWLRQ¶VOLPLWV$PRQJ
      VWDNHKROGHUV
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QHZUHJXODWLRQV6DEUHXVHVDFRORUFRGLQJPHWKRG
WKDWPHDVXUHV13'EDVHGRQVXEMHFWLYHHYDOXDWLRQV
RIKRZWKHFRPSDQ\¶VSURGXFWSRUWIROLRZLOOIDFHWKH
      "   
DWRROWLWOHG³)DURO´ PHDQLQJKHDGOLJKW ZKLFKLV
FRPSRVHG RI WKUHH YLHZSRLQWV VKRUW PHGLXP
 
)RUHDFKRIWKHVHSHUVSHFWLYHVWKHFRPSDQ\SRUWIROLR
           
*LYHQWKLVGLVSRVLWLRQHDFKSURGXFWFDWHJRU\UHFHLYHV
  '  (  
FDWHJRU\¶VUHODWLRQVKLSWRFRPSHWLWRUVDQGUHJXODWLRQV
)RU H[DPSOH WKH FDWHJRU\ RI SURGXFWV ; FDQ EH
     
³JR´:LWKWKHSRWHQWLDOPRYHPHQWRIDFRPSHWLWRU
KRZHYHULQWKHPHGLXPWHUPSURGXFWV;FDQSDVV
WR \HOORZ LQGLFDWLQJ FDXWLRQ ,I QRWKLQJ LV GRQH
     
     "   
UHDI¿UPVWKHQHHGIRUSURMHFWVWREHGHYHORSHGWR
    
WRFRPSHWLWRUVDQGUHJXODWLRQV$FFRUGLQJWRWKRVH
LQWHUYLHZHG
(,WKLQNWKDWWRGD\WKHUH¶VORWVRIQHJRWLDWLRQ
EXWWKHUHVKRXOGEHPRUHRIDMRLQWIRFXV7KLVLV
WKHIDXOWRIPDUNHWLQJDQG5 '
(7KHH[WHUQDODOLJQPHQWKDGDTXLWHVDWLVIDFWRU\
UHVXOWPDLQO\IRUWKHVDOHVWHDP«)RUWKHH[WHUQDO
DOLJQPHQWDWWKHHQGLWGHSHQGHGRQRQHSHUVRQ
LQ ZKLFK WKH FRPPHUFLDO GLUHFWRU ZDV DEOH WR
SURJUDP ZLWK JUHDWHU HDVH ZLWK KLV VDOHV WHDP
DQGLQWKLVFDVHLW¶VQRWMXVWQXPEHUVEXWWKHHDVH
RILPSOHPHQWDWLRQ
($WWKHFRQFOXVLRQLWZDVUHDOL]HGWKDWLWZDV
QHFHVVDU\WRORRNDWWKHFRPSHWLWRUVZKHQ,EHOLHYH
WKDWWKLVYDULDEOHVKRXOGEHSDUWRIWKH¿UVWSKDVH«
$WWLPHVWKHLQIRUPDWLRQIURPFRPSHWLWRUVFDPHEXW
LWZDVQRWRUJDQL]HG«7KHRUJDQL]DWLRQWKDW,ZDQW
LVWKLVP\VWUDWHJ\WRUHDFKLWLVWKLVDQGHYHU\WKLQJ
WKDW,DPVD\LQJLVLQDJUHHPHQWZLWKWKLVVWUDWHJ\

,WZDVIRXQGWKDWWKHVDOHVGHSDUWPHQWLQGLFDWHVLQ
       
SRUWIROLRE\PHDQVRIWKH)DUROWRROZKLFKWDFLWO\
        
WRWKHVWDWHPHQWVRIUHVSRQGHQWV(DQG(

ŚǯřǯřȱȱřȱȮȱ Ȧȱ£
"     #     
       
OHYHOV DQG WR DWWHVW WR WZR SRLQWV L  DOLJQPHQW
EHWZHHQWKHRSSRUWXQLWLHVFDSWXUHGDQGWKHFRPSDQ\¶V
    (      

DQGYHUL¿FDWLRQRIWKHGHFLVLRQV¶JRRGVWDQGLQJLQ
UHODWLRQWRWKHFRPSDQ\¶VVRFLRSROLWLFDOHQYLURQPHQW
)RUWKHHPSOR\HHVPDNLQJWKHVHDVVHVVPHQWVWKLV
VWHSFRXOGEHGHVFULEHGDVPD[LPL]LQJWKHSURMHFWV¶
¿QDQFLDOUHWXUQVDQGFRQVLGHULQJDGGLWLRQDOYROXPHV
  #          
 %   "    
         
      
       ')LJXUH ( 
$FFRUGLQJWRWKRVHLQWHUYLHZHG
(,WZDVPRUHRIDVDPSOHRIZKDWZDVDOUHDG\
DFRQVHQVXVDPRQJWKHGLUHFWRUV
( , WKLQN WKDW WR MXVWLI\ WKHLU GHFLVLRQV '
  (XVHWKHPRGHOZLWKVDWLVIDFWRU\RXWFRPH
EHFDXVHRWKHUSRLQWVZHUHFRQVLGHUHGEH\RQGWKH
¿QDQFLDOUHVXOWV
(,WKLQNWKDWOHJLWLPL]DWLRQLVDSKDVHLQZKLFKQR
GHFLVLRQLVPDGH«7KHQXPHULFFULWHULDPXVWLQVRPH
ZD\H[SUHVVZKDWWKHYDOLGDWRU' (   
SUHPLVH«,IZHGRQRWSUHVHQWWKHLQJUHGLHQWVWKDW
WKHGHFLVLRQPDNHUZLOOFRQVLGHUWKHUHVXOWFDQIDLO
(7KHGHDOZDVDOUHDG\ZHOOSUHSDUHGDQGLWZDV
EDVLFDOO\DSUHVHQWDWLRQDQGYDOLGDWLRQ

śȱ
"      
RI13'DQLOOXVWUDWHG¿JXUHLVSUHVHQWHGZLWKWKH
     
HPSLULF PRGHO XVHG E\ WKH 6DEUH FRPSDQ\ LQ WKH
SURFHVVRIFDSWXULQJQHZRSSRUWXQLWLHV,QGHHGWKH
          
PDQQHUUHODWHGWRWKHPRGHOSUHVHQWHGE\)ORUpQ 
)ULVKDPPDU  EXWZLWKLWVRZQQRPHQFODWXUH
   
    
 )LJXUH
8QOLNHWKHPRGHOVXJJHVWHGE\)ORUpQ )ULVKDPPDU
 6DEUHXVHVUHPRWHSURGXFWZRUNVKRSPHHWLQJV
WRGHEDWHHPHUJLQJLVVXHVUHODWHGWR13'LQDOLPLWHG
IRUXP 7KH 0DUNHWLQJ GHSDUWPHQW FKRRVHV WKHVH
WKHPHVWRDOLJQWKHVKRUWWHUPDFWLRQVWKDWLQÀXHQFH
   '   
 # (
"               
VWUDWHJLFKLVWRULFDQGSURFHGXUDOVSKHUHV,QVWUDWHJLF
       
6DEUHKDVEHHQLQEXVLQHVV\HDUVZLWKDUHFRJQL]HG
         
LQZKLFKLWRSHUDWHV7KHGHFLVLRQ6DEUHKDVPDGH
XQWLOWKLVWLPHKDVJXDUDQWHHGDVXVWDLQDEOH¿QDQFLDO
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 0HUJHURIWKHWKHRUHWLFDOPRGHO )ORUpQ )ULVKDPPDU DQGHPSLULFWDVNVDW6DEUH

7KHJURZLQJJHQHUDOSUR¿WPDUJLQDWWHVWVWRLWVVDOHV
  +       
    
    
              
VXVWDLQDELOLW\$PRQJ WKHVH IDFWV LW LV SRVVLEOH WR
SHUFHLYH L  WKH FKDQJH LQ URXWLQH IRU DSSURYLQJ
RSSRUWXQLWLHV LL  GLIIHUHQW FRUSRUDWH JRYHUQDQFH
PRGHOV LLL  D KRWO\ GLVSXWHG SROLWLFDO DUHQD DQG
(     
1RWH WKDW WKH RUJDQL]DWLRQ EHFDPH JOREDO DIWHU
     
YHUWLFDOL]DWLRQDQGE\DUHODWHGSRUWIROLRGLYHUVL¿FDWLRQ
0LQW]EHUJ   7KLV WUDQVIRUPDWLRQ EHFDPH
VKDUSHULQWKHODVWGHFDGHZKHQRQHRIWKHFRPSDQ\¶V
86 FOLHQWV SXUFKDVHG WKH EXVLQHVV %HFDXVH RI
WKLVPHUJHUDQ³$QJOR6D[RQ´PDQDJHPHQWPRGHO
     #   
%HIRUH  GHFLVLRQV FRQFHUQLQJ FDSWXULQJ QHZ
     
     
DQG IRUPDO PRGH WR PHHW WKH DJHQGD RI WKH 86
PDWUL[0RUHRYHUE\EHFRPLQJSDUWRIDJURXSZLWK
LQWHUQDWLRQDOFDSLWDOLWLVDOVRREVHUYHGWKDW(QJOLVKV
     
  
,QWKH¿UVWIRXUGHFDGHVRI6DEUH¶VRSHUDWLRQWKH
        
DQG DW OHDVW ¿YH FRPSHWLWRUV ZLWKLQ WKH 8QLWHG
6WDWHVDQG(XURSH 8)6& 7KHLQWHUQDWLRQDO
       
      
PRYHWR$VLDZKHUHWKH\WUDLQHGORFDOVXSSOLHUVWR

PDQXIDFWXUHTXDOLW\SDUWV7KLVPRYHVWUHQJWKHQHG
WKHULVHRIODUJH&KLQHVHFRPSDQLHV 8)6& 
)LQDOO\WKHFRPSDQ\HQGXUHGDOHDUQLQJFXUYHDQG
      

LQIHUWLOHLGHDVDQGFRQFHSWV,QWKHSDVW¿YH\HDUV
        
      
        " 
IDLOXUHVHQWDLOHGL DPRWRURIH[WUHPHO\VPDOOH[WHUQDO
         
       
RIYDOXHIRUWKH¿QDOFOLHQWDQGLL DSURGXFWDLPHG
DWWKH¿QDOFOLHQWHLQDEXVLQHVVWRFXVWRPHU %& 
        
   
"      % 
      
WKHFXUUHQWFRQVWUXFW6DEUHDGRSWHGLQUHODWLRQWRWKH
         
)ORUpQ )ULVKDPPDU  SURSRVHG
7KHFDWHJRU\UH¿QHPHQW D RQ)LJXUH
          
SURFHVV&KDUDFWHUL]HGSUHGRPLQDQWO\E\FUHDWLYLW\
0LQW]EHUJ :HVWOH\ DQGH[SHULPHQWDWLRQ
  
    
    
DUHVWHULOH,QWKLVSKDVHWKHUHLVQRFRPPLWPHQWWR
        
LGHDVPRUHPDOOHDEOH$FFRUGLQJWR)ULVKDPPDUHWDO
  GXULQJ WKLV SKDVH D WHDP VHHNV WR FDSWXUH
    
EHKRQHGZLWKWKHREMHFWLYHRIGH¿QLQJDZLQQLQJ
SURGXFW,QFRQWUDVWWKHUHFHQWH[SHULHQFHVRIIDLOXUH
/\QQHWDO HUHFWDQLPSOLFLWEDUULHUFRQIURQWLQJ
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 #      
 
"              
VFDUFLW\RILQIRUPDWLRQZKLFKUHTXLUHVDQDGGLWLRQDO
DELOLW\ WR GHDO ZLWK WKH ULVN %RHGGULFK  
7R PLQLPL]H WKLV ULVN TXDQWL¿FDWLRQ FDQ EH DQ
       
  %   
       
FRPSHWLWRUV7KHVH LQÀXHQFHVZLQGXSIRUFLQJD
       
WRDQHPSKDVLVRQDEVROXWHTXDQWL¿FDWLRQ $PDUDO
6RXVD 
"    '(  )LJXUH 
         
GLVFULPLQDWHGDVDSKDVHSRVWHULRUWRWKHUH¿QHPHQW
VWHSDQGLVDLPHGDW¿OWHULQJLGHDVDQGFRQFHSWV
       !     
       
        
         
    %      
"            
     
LQDVWLOOUDZIRUP$WVRPHFRPSDQLHVWKLVVWHSLV
        
ORVLQJSURMHFWV =LHQ %XFNOHU $OWKRXJK
WKLVLVQRWDVRSKLVWLFDWHGSKDVH .XQJHWDO 
        
     
&RQVLGHULQJWKLVSUHURJDWLYH6DEUHGHYHORSHG
IRXU KROLVWLF FULWHULD PDUNHW XUJHQF\ ¿QDQFLDO
          
   (      
RSSRUWXQLWLHV XVLQJ TXDOLWDWLYH DQG TXDQWLWDWLYH
PHDVXUHV$FFRUGLQJWR%UHP 9RLJW  LQ
     
     
   $ % %
    
SURGXFHDVFRUHIRUWKHRSSRUWXQLWLHV,QDGGLWLRQ
          
  % 
  
  "    
    
VFRUHVDQGDOWHUWKHVHTXHQFHRIQHZGHYHORSPHQWV
"         '( 
)LJXUHVHHNVWKHGLVSRVLWLRQEHWZHHQWKHFRPSDQ\¶V
     
H[HFXWHWKHHVWDEOLVKHGSURMHFWV6RPHWKHRUHWLFDO
         
       
VSHFL¿FDWLRQV ZLWK PDUNHW QHHGV ULJKW DW WKH
IURQWHQG .KXUDQD  5RVHQWKDO   7KHUH
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FRPSHWHQFHWRGRVR 3UDKDODG +DPHO 
)RUH[DPSOHWKHFRPSDQ\PD\GHFLGHWRGHYHORS
SURGXFWVZLWKRXWWKHDELOLW\WRGRVR,QWKLVVHQVH
LWLVLPSRUWDQWWKDWWKHUHLVD¿WEHWZHHQWKHSURMHFW
GHYHORSPHQW DQG WKH FRPSDQ\¶V FRPSHWHQFLHV
9HUJDQWL 
,QWKHF\FOHRIFDSWXULQJRSSRUWXQLWLHVIRUWKH
            
        
      ,
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RI,QQRYDWLRQ0DQDJHPHQW  
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Firms are increasingly relying on collaborating with external partners to drive technology development. Many firms struggle with managing the inherently uncertain and ambiguous technology
development process, especially with external actors involved, because they may not have or
share the same project management practices concerning coordination and control activities.
To address this gap, this study examines appropriate project management practices for market‐
based and science‐based partnerships in three large technology‐intensive firms. Our results suggest that interorganizational technology development is problematic because firms lack sufficient
partner understanding and struggle with aligning their project management practices with those
of their partners. To address these problems, we identify project management practices of coordination and control to fit the contingencies of each type of partner collaboration. Our results
provide implications for theory and managerial practices related to managing interorganizational
technology development.
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I N T RO D U C T I O N

achievements of different entities against predefined goals (Bonner,
Ruyekert, & Walker, 2002). Problems inherent to inappropriate project

Over the past decade, many firms have implemented interorganiza-

management practices are aggravated when developing interorganiza-

tional approaches to developing new technologies and products

tional technology, which may be characterized by unclear goals, high

(Majchrzak, Jarvenpaa, & Bagherzadeh, 2015). The logic of interorgani-

levels of uncertainty, and ambiguous interpretations (Eldred &

zational development presupposes that many development activities

McGrath, 1997).

need to be conducted in partnerships across firm boundaries. Interor-

Recent literature on interorganizational technology development

ganizational technology development represents a particular type of

has largely investigated collaborative development involving one type

exploratory project conducted with external partners, where the

of partnership such as customers co‐creating value (Sommer,

results often serve as inputs to new product and process development.

Hedegaard, Dukovska‐Popovska, & Steger‐Jensen, 2015), customer–

In contrast with product development, technology development is typ-

supplier relationships (Lawson, Krause, & Potter, 2015), or univer-

ically performed with more autonomy and higher uncertainty (Högman

sity–industry collaborations (Lazzarotti, Manzini, Nosella, & Pellegrini,

& Johannesson, 2013). Despite its relevance, however, technology

2016). Although prior research has highlighted aspects of each type

development often fails to meet expectations (Lhuillery & Pfister,

and established some principles for best practices, it lacks sufficient

2009). A key reason is that development across organizational bound-

details regarding how to converge it into existing project management

aries often leads to misunderstandings and conflicts among partners

practices. For example, Lawson et al. (2015) identified cross‐functional

(Vlaar, Van den Bosch, & Volberda, 2006). These misunderstandings

interfaces as a way to manage collaboration with suppliers but does

arise as partners have divergent interests, terminologies, goals, orienta-

not describe how this impacts the roles and project management prac-

tions, and cultures. These problems often ascend into mismanaged

tices concerning how to work with coordination and control in prac-

“project management practices,” including problems with coordination

tice. Indeed, few studies provide detailed insights into managing

and control activities. Coordination modes involve integrating and

different partnerships. Thus, we argue that there is a need for an inte-

aligning important activities that are interdependent but accomplished

grated perspective because best practices may differ among partner

by different entities (Zeschky, Daiber, Widenmayer, & Gassmann,

types and additional research is required. To fill this gap, we follow

2014). In contrast, control mechanisms refer to monitoring the

prior literatures that distinguish between two types of partners in

Creat Innov Manag. 2017;26:115–127.
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interorganizational development—market‐based partners (customers

interorganizational technology development projects. Our findings

and suppliers) and science‐based partners (universities and research

illustrate how these firms use specific types of project management

institutes), abbreviated as MBPs and SBPs (e.g., Danneels, 2002;

practices to support external collaboration in technology development.

Faems, Van Looy, & Debackere, 2005). Arguably, distinguishing project

Specifically, our results reveal that firms followed specific project man-

management practices for each type of partner can decrease

agement practices related to coordination and control for different

misunderstandings and align incentives for better outcomes. For

partner types. Notably, firms use their project management practices

example, recent quantitative studies have suggested that better

as an important forum for sensemaking in projects with market‐ and

performance can be achieved by matching partner types (market‐ or

science‐based partnerships to stimulate reflection, interaction, and

science‐based) to governance modes (from informal to contractual

deliberation among the partner's members (Eriksson, Patel, Rönnberg

collaboration) (Gesing, Antons, Piening, Rese, & Salge, 2014), as well

Sjödin, Frishammar, & Parida, 2016). We present a new set of inte-

as control mechanisms (output controls). Although these studies

grated activities arranged through coordination, control, and roles that

provide valuable insights, they lack in‐depth explanations on how firms

allow firms to develop better interorganizational development. We

can manage collaborative projects with different partners and how

found strong efforts to accommodate interorganizational development

such practices relate to coordination modes and control mechanisms.

logics to fit different partner types by, for example, synchronizing

Specifically, a more detailed investigation is required to go beyond

coordination practices, establishing parallel control evaluation, and

matching pure governance archetypes to identify the diverse and

revising management roles.
The present study makes three contributions. First, it advances

subtle project management practices of interorganizational technology
development.

the

interorganizational

technology

development

literature

by

Notably, the literature on coordination often emphasizes a binary

responding to the questions raised by Vanhaverbeke, Du, Leten, &

decision between formal and informal modes to manage different

Aalders (2014, p. 131) concerning how firms can manage collabora-

types of partnerships (Du, Leten, & Vanhaverbeke, 2014a). Formal

tive projects with different partners based on existing practices. Spe-

coordination modes are suggested for managing customers and

cifically, we show that firms have distinguished their current

suppliers, whereas informal coordination modes are advised for man-

coordination and control activities in an integrated set of practices

aging universities and research institutes. This literature advises firms

to streamline the involvement of market‐ and science‐based partner-

to choose between the two guidelines to manage partners, but fails

ships. Second, rather than encouraging firms to choose between

to provide empirical insights at the more detailed level of specific

formal and informal modes, we contribute to the coordination litera-

project management practices for each partner type. For example,

ture (e.g., Du et al., 2014a; Gesing et al., 2014; Zeschky et al., 2014)

depending on the type of coordination‐applied roles, responsibilities

by providing insights into modifying existing coordination activities.

and project management activities may differ. Thus, additional

Our results suggest that when firms modify their coordination activi-

research is needed to assess the influences of such arrangements on

ties, they stimulate discussion in the early stages of development,

internal roles.

thereby diminishing misunderstandings and promoting sensemaking

Furthermore, the control literature of technology development

among

partners.

Third,

by

looking

beyond

measure‐based

has widely suggested measure‐based mechanisms to mitigate higher

mechanisms (output control), we contribute to the control literature

levels of risk and uncertainty (Cooper, 2006; Eldred & McGrath,

(e.g., Bonner et al., 2002; Das & Teng, 2001; Eisenhardt, 1985),

1997), regardless of the partner's characteristics. Measure‐based

pointing out the scarcity of empirical investigations in value‐based

mechanisms stress establishing formal procedures to reward desirable

control mechanisms (i.e., social and behavioral). Although the litera-

performances (e.g., joint performance criteria), but ignore value‐based

ture, for the most part, has suggested output controls to reduce risks,

control mechanism (e.g., participatory decisions and joint review meet-

we show that social and behavioral control mechanisms, such as a

ings that facilitate consensus). In contrast, value‐based control mecha-

participatory decision‐making process, stimulate discussion that

nisms (i.e., social control) are intended to reduce goal incongruence and

reduces goal incongruence among partners.

relational conflicts among partners (Bonner et al., 2002; Das & Teng,
2001). Although both control mechanisms are important, extant literature reports little about project management practices surrounding
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THEORETICAL BACKGROUND

social and behavior control mechanisms to monitor different types of
partners. This gap in knowledge is particularly important because social

To explore how firms manage interorganizational technology develop-

and behavior mechanisms have been shown to help firms enable

ment by applying project management practices with different types of

common understandings and ensure that the joint processes among

partners, we draw on literature streams in interorganizational technol-

partners are followed (Bühner, 1997). Indeed, firms can benefit from

ogy development and project management practices. First, the litera-

establishing common values that potentially balance asymmetric

ture

cultures and divergent preferences.

conceptual insights regarding how project management practices can

on

interorganizational

technology

development

provides

Against this background, the aim of the present study is to explore

contribute to enhanced outcomes. Second, we use related literature

how firms use project management practices to manage interorganiza-

on project management practices, which addresses the coordination

tional technology development with market‐ and science‐based

and controls for different types of partnerships. Finally, we explore

partners. To address this aim, we conducted 34 in‐depth, exploratory

the literature regarding roles within interorganizational technology

interviews at three multinational firms that invest heavily in

development, because internal actors' roles can play a crucial function
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in aligning project management practices to cooperate with external

In the following sections, we expand on these insights by
connecting them to literature on project management practices in

partners.

general and, more specifically, coordination and control.

2.1

|

Interorganizational technology development

Interorganizational technology development is a cooperative relation-

2.2 | Project management practices for
interorganizational collaboration

ship agreement between two or more organizations (Ajamian & Koen,
2004; Hardy, Phillips, & Lawrence, 2003). It implies a “coupled” process

Project management practices entail activities to achieve project

between partners to develop new technologies through joint projects

objectives (Munns & Bjerirmi, 1996). Appropriate project management

(Gassmann & Enkel, 2004). It can benefit organizations by enabling

practices are contingent on partner type and the specific nature of

them to de‐commoditize product offerings by creating disruptive

each new task. Two important practices are coordination modes and

technologies (Cooper, 2006).

control mechanisms (Vlaar, Van den Bosch, & Volberda, 2007). Coordi-

Interorganizational technology development is complex and

nation modes entail integrating and aligning relevant activities

requires frequent reviews (Majchrzak et al., 2015) and often cross‐

(Zeschky et al., 2014), whereas control mechanisms denote a process

functional integration among functional departments (Brattström &

of monitoring and regulating if and how different entities achieve

Richtnér, 2014). Complexity surfaces because external partners likely

agreed upon goals (Bonner et al., 2002).

have divergent behaviors (Bengtsson et al., 2015; Stock, 2014),

Coordination modes

distinctive terminologies that may appear incompatible from the

2.2.1

outset (Du et al., 2014a), or different decision‐making controls (Gama,

Traditionally, research on coordination has highlighted two different

Amboni, Alpersted, & Moraes, 2016; Starbuck, 2001). Taken together,

governance modes, that is, formal and informal (Martinez & Jarillo,

these issues lead firms to constantly revise activities and processes to

1989). Formal coordination centers on formalization and centraliza-

|

better manage their partnerships (Grönlund, Rönnberg Sjödin, &

tion. Previous studies have suggested that market‐based partnerships

Frishammar, 2010). Majchrzak et al. (2015) provided a good example

can achieve better results when formal governance models are

of collaboration dynamics. In their review of 22 longitudinal cases,

adopted. In this vein, successful collaboration requires: specific man-

the authors observed that successful interorganizational collaborations

agement capabilities to align communication between partners

are evolutionary and involve a set of new organizational processes. In

(Wognum, Fisscher, &Weenink, 2002); formalized regular monitoring

other words, firms may benefit from cooperating with external

meetings; strict up‐front planning (Du et al., 2014a); and interactive

partners, but frequently revising the organizational structure is neces-

alignment with customers or end‐users (Rönnberg Sjödin, Frishammar,

sary to ensure a productive relationship.

& Eriksson, 2016; Sommer et al., 2015).

Critical factors of successful interorganizational technology

Informal coordination includes establishing interorganizational

development include previous experience, process management

relationship management based on informal interaction between part-

structure, and management roles. For example, Zollo, Reuer and Singh

ners (e.g., developing joint goals in casual meetings). Science‐based

(2002) suggested that firms lacking prior experiences with partners

partners may be better managed through informal governance models

will find equity arrangements helpful in facilitating control and coordi-

(Gesing et al., 2014). Prior studies have suggested that effective collab-

nation. Kok and Biemans (2009) further proposed that an adjustable

oration with these requires a less formal approach (Du et al., 2014a)

and flexible process management structure helps firms balance part-

based on establishing diverse communication routines (Pertuzé, Calder,

ners' expectations and reduce the risks of collaboration failures.

Greitzer, & Lucas, 2010), adopting rewards for employees' collaborative

Few studies, however, have examined empirically the challenges of

behavior (Lazzarotti et al., 2016), and aligning technical terms and pro-

integrating partners into interorganizational technology development

ject deliverables (Starbuck, 2001).

based on coordination and control activities. More specifically,

In sum, the literature on interorganizational collaboration has

existing studies on the topic are limited in the sense that they do

acknowledged the importance of matching appropriate coordination

not present detailed insights into how to align existing practices to

modes to manage different partner types (Du et al., 2014a; Lakemond,

manage interorganizational technology development most effectively.

Bengtsson, Laursen, & Tell, 2016). However, firms are often biased to

For example, a participatory decision‐making process (Starbuck, 2001)

choose between two types of coordination modes (formal and informal).

and changes in internal roles (Lawson, Petersen, Cousins, & Handfield,

Although such overarching guidelines provide valuable insights, they are

2009) have been argued to be important, but knowledge regarding

vague in explaining how to apply these in practicing the activities

how to incorporate such insights in firms' project management

involved in project management. For example, how regularly should

practices remains lacking.

review meetings be scheduled and organized to embrace different part-

Recent studies have classified partner types into two groups: mar-

ners' characteristics? Therefore, supplementary research is needed to

ket‐based partnerships (customers and suppliers) and science‐based

understand what to modify within the current coordination activities

partnerships (universities and research institutes) (Du, Leten,

of joint technology development with different types of partners.

Vanhaverbeke, & Lopez‐Vega, 2014b; Gesing et al., 2014). This classi-

Control mechanisms

fication facilitates the comprehension of a partner's characteristics,

2.2.2

which helps researchers streamline knowledge creation. Table 1 sum-

The extant control literature pictures two basic approaches for control

marizes key literature on managing interorganizational collaboration.

—measure‐based and value‐based (Eisenhardt, 1985). Measure‐based

|

Survey of 106 firms

Case study of two
manufacturers with
six distributors

Conceptual paper

Conceptual paper

Survey of 111
manufacturing
organizations

Mixed study of
25 firms

Case study of two
process firms

Survey of 489
research projects

Survey of 2,502 firms

Review of literature on
interorganizational
collaboration

Case study of
seven firms

Survey of 153
interorganizational
projects in manufacturers

Survey of 415 firms

Survey of 52 joint
process development
projects

Pick (1999)

Starbuck (2001)

Cooper (2008)

Lawson et al. (2009)

Pertuzé et al. (2010)

Rönnberg Sjödin et al. (2011)

Du et al. (2014a)

Gesing et al. (2014)

Majchrzak et al. (2015)

Sommer et al. (2015)

Lawson et al. (2015)

Lazzarotti et al. (2016)

Rönnberg Sjödin et al. (2016)

Type of study

Relevant findings

Suppliers

Scientific partners (e.g., universities
and research centers)

Suppliers

Customers

Interorganizational collaboration
(e.g., customers, suppliers, universities,
and research institutes)

Customers, suppliers, universities,
and research institutes

Customers, suppliers, universities,
and research institutes

Supplier

Equivocality can be reduced via shared problem‐solving activities with suppliers, whereas project teams
can reduce uncertainty through early end‐user involvement.

A successful partnership between firms and scientific partners might be achieved by monitoring the
progress of the joint project, defining the goals of a collaboration, and rewarding employees'
collaborative behavior.

Developing cross‐functional teams to manage the engagement of suppliers during project development
was correlated to successful new developments.

Firms adopt interactive collaborative cycles with customers to enhance the new product development
process. A hybrid process combining elements of stage‐gate and agile models is recommended to allow
flexibility.

Instability is an inherent characteristic of successful interorganizational collaboration. Interaction style,
decision‐making control among partners, interorganizational structure (e.g., roles), and actor composition
are highlighted as key characteristics that can change during an interorganizational collaboration.

Proper governance models (informal, hybrid, and formal) must align with the partner type, and the
innovation objective can enhance the benefits regarding innovation collaboration.

To achieve better R&D project performance, market‐based partnerships (customers and suppliers) may be
coordinated based on a formalized perspective, characterized by regular monitoring meetings and strict
up‐front planning. On the other hand, science‐based partnerships demand a less formal approach.

Collaboration intensity are contingent on the specific stage of the lifecycle of process equipment. For
example, in the early stages of developments, joint generation of clear concept definitions enhance
development of customized equipment to meet process firms' needs.

Successful collaboration with universities requires establishing strong communication links among
employees and the university team. Specifically, the study suggested frequent face‐to‐face meetings
among partners; establishing diverse communication routines to complement meetings (e.g., video and
phone communication), and encouraging team members' exchanges during the joint project.

Informal socialization mechanisms (e.g., social events, communication guidelines) facilitated
interorganizational knowledge sharing, whereas formal socialization mechanisms (e.g., matrix reporting
and cross‐functional teams) played an indirect role via informal socialization to stimulate knowledge
distribution. Project managers should act proactively to increase the flow of knowledge between firms.

Suppliers

Universities

Successful interorganizational development involves establishing a formal process called “spiral
development” with customers. This process refers to a series of “build‐test‐feedback‐revise” iterations
and loops with customers and end‐users along the development stages.

Firms are encouraged to adopt collaboration practices such as: Defining the role of meetings in the two
organizations, explicating decision‐making differences, and integrating schedules into the firms' process
and structure. Language differences create problems, whereas joint activities (e.g., milestones and
deliverables), goal alignments (e.g., results and publications), and faculty members thinking of schedules
facilitate the collaboration.

Relationship management plays a vital role in successful collaborations. Free exchange of information was
highlighted as a means to achieve a sustainable relationship.

Successful collaboration requires frequent monitoring of progress, establishing ground rules (e.g., project
milestones), sufficiently allocating financial resources, past experience, and presence of a product or
collaboration champion.

Customers and users

Universities

Customer and supplier

Customers, competitors,
and suppliers

Type of partner(s)

Representative studies of managing interorganizational collaboration with different types of partners

Littler et al. (1995)

Author(s)

TABLE 1

118
GAMA ET
AL.

GAMA

119

ET AL.

control involves output controls, whereas value‐based control includes

steering committee, a project manager, and a development team. The

social and behavioral controls (Das & Teng, 2001). Output control

steering committee refers to a broad representation of key functions

mechanisms assess the project's performance through predefined

from different departments that evaluate the achievements of the

criteria agreed upon among the partners (e.g., deadlines, budgets, and

technology project in review meetings (Cooper, 2006). The project

target performances). Das and Teng (2001) suggested that output con-

manager is responsible for planning activities, managing constraints,

trol mechanisms contribute to interorganizational development by

and communicating with internal and external members (Ajamian &

reducing performance risk. In this vein, the literature advocates that

Koen, 2004). The development team conducts the micro‐level activi-

market‐based partnerships should adopt frequent monitoring of prog-

ties in practice, such as the actual development, technology tests, and

ress, establish ground rules (e.g., project milestones) (Littler, Leverick, &

assessments (Eldred & McGrath, 1997). Accordingly, this literature has

Bruce, 1995), develop contracts (Rönnberg Sjödin, Eriksson, &

suggested detailed sets of activities for the project members concerning

Frishammar, 2011), and define critical paths in advance (Cooper,

what and how to fulfill their roles. However, these insights are typically

2008). In contrast, science‐based partnerships are stimulated more

restricted to managing internal members, knowledge, and assets. There-

effectively by developing joint activities (e.g., milestones and deliver-

fore, the literature of technology development is unclear in explaining

ables), mutual goal alignments (e.g., results and publications) (Starbuck,

how roles change in managing projects with external partners.

2001), and frequent monitoring of project outcomes (Lazzarotti et al.,
2016).

In sum, much is known about managing internal coordination and
control activities but many knowledge gaps still exist relating to how

Social control mechanisms (or process control mechanisms)

project managers and steering committees can potentially manage dif-

involve participatory decision‐making processes, shared rituals, and

ferent partner types in interorganizational technology development. In

common ceremonies (Brattström, Löfsten, & Richtnér, 2012). These

other words, how can project management practices concerning roles,

mechanisms denote developing shared beliefs, principles, and goals

coordination, and control be aligned to the specific characteristics of

among partners by establishing a common culture and values. Das

market‐based and science‐based partnerships? Thus, we argue there

and Teng (2001) highlighted that when decision‐making processes

is still much to learn by studying the practices firms employ in manag-

are participatory and informal, partners are more likely to establish

ing such collaborations and how the interorganizational nature of col-

honest and open communication. Although market‐based partnerships

laboration influences these practices.

are encouraged to develop team building, science‐based partnerships
may be characterized by diverse structures and incentives, integrating
schedules into the firm's process and structure (Starbuck, 2001), and

3
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|

team members' exchange during the joint project (Pertuzé et al., 2010).
Behavior control mechanisms include procedures, policies, and
norms. This mechanism assumes that firms can control each other by

3.1

|

Research approach and case selection

establishing project agreements (e.g., non‐disclosure agreements

We adopted a case study research approach to achieve methodologi-

[NDA]). Such agreements help organizations reduce inherent risks of

cal fit (Edmondson & McManus, 2007). Case studies help explore com-

interorganizational development, such as opportunistic behavior and

plex and context‐bounded phenomena as they permit deeper insights

relational conflicts. Whereas market‐based partnerships are encour-

into how and why firms use certain practices (Eisenhardt & Graebner,

aged to have a free exchange of information supported by reliable pol-

2007). A case study was appropriate for three reasons. First, interorga-

icies, science‐based partnerships require strong communication links

nizational technology development is considered a complex phenome-

among employees and the university team (Pertuzé et al., 2010).

non, involving multiple iterative relations among different partner

Although several studies have emphasized the importance of

types (Majchrzak et al., 2015). A case study approach is thus helpful

proper measure‐based control mechanisms to manage interorganiza-

in capturing different facets of specific practices employed. Second, a

tional developments, less light has been shed on value‐based control

case study allows in‐depth discussions about evaluating and managing

mechanisms. Value‐based control mechanisms include social and

divergent partner types (Lawson et al., 2015). Third, the limited amount

behavioral endeavors and are important to diminish preference diver-

of prior research on value‐based control mechanisms in technological

gence among members by developing common values (Das & Teng,

development means that themes and patterns need to be identified

2001). Thus, there is strong potential to investigate the establishment

rather than confirmed (Edmondson & McManus, 2007).

of value‐based control mechanisms to motivate project members to

We used exploratory multiple case studies as Eisenhardt (1991)

become more committed to the project and share different views,

suggested, which permits comparing and replicating individual cases.

which reduces the chances of cultural conflicts. Although value‐based

The cases were selected because all firms included had well‐structured

control mechanisms play an important role in interorganizational devel-

coordination and control activities to manage external actors, which

opment, especially with science‐based partners, these mechanisms

enriched insights into interorganizational technology development.

have been largely neglected in the current literature on interorganiza-

Specifically, we conducted a multiple case study within R&D units in

tional technology development. As such, additional research is needed.

three multinational manufacturing firms in Sweden. We chose these
three firms for their reputation as technologically advanced companies

2.2.3

|

Internal roles

that are strongly engaged in various types of external collaborations

The current literature on technology development has established

with MBPs and SBPs. Table 2 provides some descriptive information

three types of roles to manage coordination and control activities—a

about the studied firms.
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the majority of respondents in each firm, it was confirmed and became

Our data collection took place from 2013 to 2015 by performing 34
interviews in three phases: exploratory, semi‐structured, and focused
interviews with key informants to follow up on interesting themes in
the data. One workshop complemented these interviews. Table 3 illustrates the overall flow of data collection efforts. The informants included
senior executives, mid‐level managers, technical specialists, project
managers, and engineers employed within R&D departments. All had
significant experience in technology development projects with external
partners. By conducting interviews across several hierarchical levels, we
assured that interviews represented wide organizational perceptions,
which mitigated potential position bias. The interviews ranged in duration from 45 to 120 minutes, and all conversations were recorded and
transcribed. The interview guideline is shown in the Appendix.

part of our initial first‐order codes. Because all concepts were arranged
according to their similarities, it was possible to discover relevant characteristics and patterns that led us to confirm (or revise) initial first‐
order codes.
Furthermore, we performed a cross‐case analysis, in which we
compared the first‐order codes across the cases to find patterns
based on similar themes and ratify the first‐order findings. The
cross‐case analysis was conducted after a within‐case analysis of each
case, so that we could replicate the cases against one another.
Because the first‐order coding was described in memos, we created
second‐order themes, guided by the sensitizing concept in which we
interpreted the data and compared the cases against each other to
search for common patterns (Miles & Huberman, 1994).
This method allowed us to map important themes relating to
managing interorganizational technology development. This analysis

3.3

|

was a continuous and iterative process that demanded repeated

Data analysis

reading of the secondary data, field notes, and interviews, as well as

The data analysis was theory‐guided using the concepts of coordina-

referring to the theoretical framework as suggested by Galunic and

tion, control, and roles as “sensitizing concepts.” According to Bowen

Eisenhardt (2001).

(2006), sensitizing concepts direct attention to what might be relevant
in a collection of data. A sensitizing concept is thus an interpretative
lens that helped us better understand project management practices.
To facilitate our data analysis, we compiled the case study databases
based on secondary data, field notes, and interviews to provide an
overview about the cases. To facilitate the analysis, each interview
transcript was imported into NVivo (Version 10.2.2).
The data analysis followed a thematically organized method, which
identified themes from raw data (Fereday & Muir‐Cochrane, 2006).

4

|

EMPIRICAL FINDINGS

All our case firms had implemented a rather open approach to technology development in recent years, one in which interorganizational collaboration was increasing due to increased global competition and a
faster rate of technological development within their respective industries. As one technology development manager from Gamma remarked:

We first performed an in‐depth analysis of individual transcripts in

There is so much different knowledge that we need to

which we highlighted interesting terms for further coding. In this

keep track of all around us. The technology around us is

sequence, the transcripts were coded manually, and then the findings

exploding, so we cannot keep track of everything

were summarized for each case using memos. The memos allowed the-

ourselves. Therefore, we must have various partners to

oretical clustering arranged around the main themes that emerged and

work with. It has become more and more common and

thus constituted our first‐order codes. If a dimension was identified by

more and more important.

TABLE 2

Description of studied firms
Alpha

Beta

Gamma

Main product

Construction and mining
machinery and equipment

Commercial vehicles

Vehicle systems

Annual turnover

USD 11.3 billion

USD 10.6 billion

USD 28.5 billion

Number of employees

≈40,000

≈39,000

≈88,000

Estimated ratio of joint projects in
technology development

60%

50%

50%

Number of interviews

15

9

10

TABLE 3

Description of the three phases of data collection
Phase A

Phase B

Phase C

Period

September–December 2013

January–June 2014

March–June 2015

Purpose

Understand critical issues in
technology development

Explore key topics regarding
interorganizational technology
development

In‐depth investigation of project
management routines

Data collection

Exploratory workshop and
three exploratory interviews

17 semi‐structured interviews

14 focused interviews

Key secondary data sources

Websites

Internal documents
(e.g., presentation material)

Internal documents (e.g., workflow charts
of technology development process)
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Our informants acknowledged that interorganizational technology

We have identified that being better at managing and

developments are highly sensitive to budget constraints and focus on

benefitting from external collaborations is a key

long‐term goals, a finding that reinforces the importance of properly

strategic initiative for us, and we have devoted

managing project management practices with different types of part-

resources to better understanding such collaborations.

ners. The combination of these features requires special attention to
the timing of a partner's involvement within the project as presented

Furthermore, we found that firms made several adjustments to their

by the firms. Managers noted that science‐based partners were more

normal technology development practices to address these challenges.

involved on lower levels of the technology readiness levels (TRL) due

Our analysis resulted in identifying three second‐order themes for MBPs

to the scientific basis of their expertise. Meanwhile, market‐based

—synchronization of coordination practices, aligning control practices,

partners were more involved on higher levels due to their insights into

and relational role focus—and three second‐order themes for SBPs—adapt-

customers' needs and component availability. For example, a senior

able coordination practices, parallel control practices, and monitoring role

alliance manager at Alpha remarked:

focus. Figure 1 presents the overall structure of our findings.

We can also look at [the] technology readiness scale.
When we work with universities it's more early on the
scales, which takes four or five months maybe, but for
customers and suppliers we were in highest level.

4.1 | Coordination practices for managing market‐
and science‐based partnerships

with external partners in the increasingly complex domain of technol-

4.1.1 | Synchronizing coordination practices for market‐
based partnerships

ogy development.

Managing interorganizational technology development can be a chal-

Nevertheless, all firms experienced challenges in collaborating

In particular, our informants frequently described challenges such

lenge when working with MBPs and SBPs. To address this challenge,

as misunderstandings, conflicts, misaligned development processes,

all firms had adapted their coordination practices to cooperate with

and unclear roles that hampered the potential outcomes of interorga-

each partner type. To properly manage MBPs, our informants

nizational technology development. For example, a senior technology

underscored that they had synchronized coordination practices, which

development manager at Alpha clarified:

enabled them to reduce misinterpretation. Synchronizing coordination
practices was established by defining common routines and tasks

I think misunderstandings are a key issue when working
with external partners. We often lack a clear view on
how to collaborate, what processes to follow; even a
clear vocabulary to share knowledge externally. We have

among partners. For examples, synchronization can be addressed in
different ways, such as adopting process comparisons in the project scoping stage through kick‐off workshops. In this line, a manager of global
and strategic alliances from Alpha mentioned:

really learned that generating a shared understanding is
key when you engage in development with a partner.

When we work with MBPs we synchronize the projects in
the first stage (project scoping). We compare both

Many informants echoed this statement across our three case

processes, side by side, and later synchronize them.

firms, thus underscoring the importance of adjusting current practices
for managing external collaborations. For example, a senior technology
manager at Alpha remarked:

FIGURE 1

Overall structure of the findings

Accordingly, synchronizing coordination practices also enabled the
firms to reduce the likelihood of misunderstanding.
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Moreover, the firms had adopted joint stage synchronization using

detailed. A traditional coordination plan requires systematic arrange-

activities mapping (e.g., shared milestones and Gantt charts). A group

ment of activities based on meticulous schedules and schemes, regard-

manager at Alpha mentioned how they worked with external partners:

less of the partner's characteristics. However, SBPs often operate in

When we start we always have a project plan, and then
we break it down into some kind of budget and Gantt
chart, and then we have to enter several joint
milestones into the Gantt chart, and within the

the context of academic freedom for improvisation, which does not
totally fit formalized activity plans. In this case, firms assume informal
reports in the short run and formal reports in the long run. As a manager explained:
When we work with science‐based partners, there is one

milestones are demonstrations.
Additionally, our firms tried to implement common terminologies
to reduce the risk of mismatch between their processes and failures

formal report for the external finance evaluation, and it
happens two times a year when we do formal reports.

due to the problems in establishing key understandings among part-

As these examples demonstrate, the cultural differences between

ners. To address this potential issue, we found that implementing com-

firms and science‐based partners represent a challenge, which may be

mon terminologies or labeling in the early stages of the technology

solved by revising the coordination practices.

development was a common practice. For example, one of the managers of Alpha mentioned that:
… if we have stage number one and the partner has a

4.2 | Control practices for managing market‐ and
science‐based partnerships

similar stage, but called stage B, we define a unique

4.2.1 | Aligning control practices for market‐based
partnerships

name to express the same meaning.
As these examples show, integrating the market‐based partner

We found that for market‐based partnerships, our firms adopted con-

through common coordination practices enables firms to better

trol alignment by arranging specific meetings to agree on shared deliv-

synchronize their different processes and prevent issues regarding

erables, criteria, and outcomes. The alignment of control practices was

partnership

failure,

such

as

divergent

language.

Accordingly,

characterized by up‐front and organized meetings during the project‐

different meanings among partners might be impeded because of

scoping phase. For example, case firm Alpha conducted joint review

the potential confusion among parallel developments at different

meetings with the project management group in two rounds, the first with

sites.

the engineering group and the second with the strategic group. In the
first meeting, they discussed the scope of the project and expected out-

4.1.2
Adaptable coordination practices for science‐based
partnerships
|

We found that science‐based partners cannot easily adopt synchronized stages due to differences in institutionalized routines.
In particular, SBPs typically do not use formal coordination practices to manage their technology development activities. Therefore,
instead of synchronizing coordination practices, firms embraced

comes. At the second meeting, they aligned project goals, intermediate
deliverables, and project criteria. As one Alpha manager said:
We always bring the key stakeholders to that place to be
involved in this type of meeting and then we spend
normally a couple of days going through reviewing the
results that feeds the gates and we agree on them in a
formal meeting.

adaptable coordination practices in science‐based partnerships.
Adaptable coordination practices were established by adopting flexible practices to accommodate partners' differences into the firm's
practices.
In this direction, firms assumed flexible routines for sharing progress.
In this case, rather than formal coordination procedures based on up‐
front review check points, firms established casual procedures guided
by progressive interaction with science‐based partners. Specifically,
the progressive interaction assumes less interaction in the early stages
of the technology developments and higher on later stages. As a group
manager at Alpha remarked:
Typically, science‐based partners are not used to using

Joint review meetings can have several benefits as another senior
manager at Alpha remarked:
When we have the joint review, hidden issues come up on
the table, and they emerge much sooner than if we just
proceed with the work and it becomes a problem that is
urgent to deal with at a later stage. This is an important
opportunity for us to take the time to interact and not
to be too focused on what we must solve. But rather as
a group, we try to collect information and discuss the
various situations and cases, trying to solve problems
jointly.

this type of process, and they want to be more free
scientists and don't want to be locked into a process. So,
we normally don't have problems with the market‐based
partners but more with the science‐based partners.
When firms collaborate with SBPs in joint technology development, they typically assumed that the activity plan would be less

Although the firms initiated control alignment in steps by
conducting two consecutive meetings, they recognized the potential
risk of conflicts with market‐based partners. To mitigate potential
partnership conflicts, firms implemented a “gate zero” before formal
collaboration with the MBPs, including budget and expected timing
plans. As the manager of Beta said:
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When we have market‐based partners we have contracts,

as a key facilitator to actively orchestrate internal team members and

before the beginning of the project, where we stipulate

external actors. And, firms have actively changed the project manager

the budget and time, like to some sort of delivery of

roles toward relational drivers. As the interviewee of one firm informed:

technology or some concept or prototype.
Additionally, our firms adopted partner representation in the steering
committees to reduce the risk of misunderstandings concerning the
project scope and goals. The manager of Alpha said:

In the past, they [project managers] were more like the
police! But when we work with partners, the project
manager role is more like a facilitator and politician.
Reviewing the role of project managers helped firms capture the

We always bring the key stakeholders to that place

benefits of interorganizational collaboration and adopt the process

(laboratory) to be involved in this type of meeting, and

accordingly. The manager of Beta added:

then we expend normally a couple of days going through
reviewing the results that feeds the gates (review
meetings with the steering committees).

The relationship is everything. If you do not trust each
other or interpret problems or projects in the same way,
it will not be good. It is a long‐term relationship you
need to have.

4.2.2 | Parallel coordination practices for science‐based
partnerships
Control alignment with SBPs was not strongly perceived during the
technology development in any of the three firms. As most of the

The steering committee is also included in this revision. For the
strategic group, the focus was more toward ensuring a win–win relationship. As a manager of Alpha described:

interviewees indicated, science‐based collaborations were driven by

When we look at this group [steering committee], it has a

academic novelty and could not be fully receptive of criteria and

more important role today than it used to have in the

expected outcomes (strict routines and deliverables). To address this

past. In the past, it was more for gathering information

divergent logic, firms manage controls through what we refer to as

without making decisions, but now we have contracts

parallel control evaluation. The parallel control evaluation was char-

between partners and us, and we do projects and the

acterized by interrelated project goals during technology develop-

steering committee has formal decision points.

ment. During project evaluations, firms and SBPs examined the
deliverables by similar criteria using dual evaluation structures.
Whereas firms considered quantitative and qualitative criteria based
on, for example, business strategy fit, probability of technical success,
and commercial success, SBPs were more oriented toward creating
new knowledge. To connect both criteria and ensure that they
understand SBPs' goals, our firms also included scientific performance
indicators in the evaluation criteria (as key performance indicators
[KPIs] in the project checklist). The alliance manager in one of the
firms mentioned:

Revising the roles of the internal actors enabled firms to better
address the partners' needs within the gate meetings. Additionally,
firms could identify potential partner needs.

4.3.2 | Monitoring role focus for science‐based
partnerships
The firms' approach to SBPs was slightly different. Rather than revising
the roles toward relational focus, as mentioned for MBPs, the focus
transcended into what we call a monitoring roles focus. Instead of
monitoring SBPs through strict procedures, project managers

…in the SBP when we go into this type of project we are

cooperated with SBPs by using diverse and flexible communications

once again very early in the phase. It's more like

(e.g., direct ad hoc contact between counterparts). SBPs have their

research, and to them it's hard to write some of the

own way of doing research and technology development, which might

criteria or call them KPIs.
As these examples show, value‐based control mechanisms (i.e.,
conducting a joint review meeting with project management groups)
can play an important role in diminishing preference divergence among
members by developing common principles among partners.

conflict with the firm's roles. Scientists typically follow the “scientific
method,” in which it is difficult to be influenced by strict practices.
For example, inventors may adopt specific routines with significant
room for experimentation and autonomy and less room for reporting
and attending meetings. In this context, the project manager acts as a
diffuser of scientific knowledge to spread the expertise inside the firm.
For example, respondents mentioned organizing internal workshops

4.3 | Internal roles for managing market‐ and
science‐based partnerships
4.3.1

|

Relational role focus for market‐based partnerships

with academic researchers from SBPs to share new technologies and
how to apply it on new product developments. As the group manager
of Alpha described:

Our analysis also revealed that firms predominantly perceived a

I appointed a project manager to collaborate with a

change in the roles of the internal actor in recent years. Therefore,

university, but he does not have a strong connection

firms actively revise the internal team roles when collaborating with

with academia. He got a bit scared when he speaks with

external partners. All firms reported what we label a relational role

the researcher, because they have a different language

focus when they collaborate with MBPs. Along with the role

and ways of working. So, I had to be the project

revision of internal actors, all firms considered the project manager

manager for this project.
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As this example shows, coupling with SBPs demands relational

better technology development can be achieved when internal actors

competences to facilitate forming trust with partners and firms. Addi-

revise their roles to collaborate with external partners. In sum, what

tionally, science‐based partners follow their own way of doing

emerges is that internal roles are of paramount importance in an inter-

research, which is constrained by their own development pace, thus

organizational context.

making it difficult to influence from the firm's perspective.

5.1
5

|

DISCUSSION

|

Theoretical implications

The present study makes three contributions to the literature. First,
it advances the interorganizational technology development litera-

Recent developments in the literature on interorganizational technol-

ture by responding to the call about how firms can manage interor-

ogy development stress the importance of revising activities to ensure

ganizational projects with different partners based on existing

a sustainable relationship and to improve a firm's performance in inno-

practices (Vanhaverbeke et al., 2014, p. 131). Prior literature has

vation and technology management (Majchrzak et al., 2015). This

explored and suggested critical practices to managing successful

study contributes to the literature by examining how firms can revise

interorganizational technology development, but has often been

their project management practices to manage interorganizational

quite narrow in perspective (Lawson et al., 2015; Sommer et al.,

technology development with different types of partners more

2015). In particular, the majority of prior studies have been

effectively. Using a multiple case study of three firms, our results

restricted to one type of partner, whereas interorganizational tech-

demonstrate that aligning project management practices to partner

nology development is a complex arrangement that often involves

types is important for managing successful interorganizational

multiple partners. This makes a one‐type‐fits‐all application of pro-

collaboration. In particular, we found that proper matching of the

ject management practices particularly challenging (Majchrzak et al.,

project management practices to fit each partner type is critical to

2015). Although previous studies highlight important characteristics

mitigating conflicts and tensions and, by extension, for preventing

of each partner's type, it fails to offer an integrated perspective of

collaboration failures.

how project management practices can be aligned to the type of

The present study presents detailed insights into how firms man-

partner. Therefore, the present study adds to previous interorganiza-

age project management practices with market‐ and science‐based

tional literature a set of detailed integrated practices of coordination

partners in interorganizational technology development. These insights

and control to streamline the involvement of market‐ and science‐

complement prior studies of market‐ and science‐based partnerships.

based partnerships.

For example, Gesing et al. (2014) proposed that better innovation

Second, our findings advance prior research on the role of

objectives can be achieved when firms match partner type with the

coordination in interorganizational development by providing

appropriate governance model. In the same vein, Du et al. (2014a)

insights into the modifications of existing coordination activities.

suggested that market‐based partners could be coordinated by formal

On a general level, our results indicate that firms should be con-

procedures, whereas science‐based partnerships need less formal pro-

cerned not only with adopting the correct coordination model (Du

cedures. The present study counterbalances those studies by propos-

et al., 2014a; Gesing et al., 2014), but rather also modifying their

ing an integrated project management perspective to manage

existing coordination activities to better collaborate with different

market‐ and science‐based partnerships, which is grounded in coordi-

partner types. Our results imply that firms should redirect their

nation and control activities. Our insights are thus in line with the liter-

focus from a dichotomous perspective (formal vs. informal) toward

ature, which suggests that successful interorganizational collaboration

a more dynamic perspective in which different levels, as well as

is progressive and encompasses a “set of new organizational pro-

types, of coordination modes should be applied. In particular, our

cesses” to facilitate the involvement of partners (Doz, 1996, p. 69)

findings underscore the fact that avoiding formal routines is not a

based on frequently revising current project management practices.

“dogma” for managing science‐based partners. In other words,

Moreover, our findings support the importance of internal roles to

rather than chasing informally (or loosely) held routines to manage

manage technology development projects in accordance with the liter-

science‐based partners, firms are stimulated to modify and adjust

ature that focuses on intraorganizational developments (Cooper, 2006;

existing coordination practices toward an adaptable coordination

Högman & Johannesson, 2013) and interorganizational developments

model. Our results show that when firms modify their existing coor-

(Vanhaverbeke et al., 2014). We found that firms have adjusted inter-

dination activities, they stimulate discussion during the early stages

nal roles to collaborate with external partners by assuming a relational

of development, diminishing misunderstandings and promoting

role focus for market‐based partnerships and a more monitoring role

sensemaking between partners. This advances knowledge about

approach for science‐based partnerships. Consequently, internal roles

coordination modes by switching the question from “which mode

are no longer restricted to managing internal resources, but instead

to choose” toward “what to modify” regarding existing coordination

are more and more devoted to understanding and better cooperating

practices.

with external partners. In this case, our findings contrast with those

Third, we contribute to the literature on control mechanisms by

of Eldred and McGrath (1997) and Ajamian and Koen (2004) who con-

presenting the importance of considering value‐based mechanisms

sidered that the interaction of the steering committee, project man-

on interorganizational technology development. While the literature

ager, and development team are limited to internal resources and

for the most part has suggested output controls to reduce risks (i.e.,

actors. Instead, in line with Grönlund et al. (2010), we suggest that

shared project management performance indicators), we propose that
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social and behavioral control mechanisms, such as participatory deci-
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practice to manage market‐ and science‐based partners in technology
developments more effectively (Das & Teng, 2001).
RE FE RE NC ES

5.2

|

Managerial implications

The present study also offers relevant implications for managers and
firms. First, the results encourage firms to revise their coordination
and control activities to manage market‐ and science‐based partners
differently, partly according to separate logics and principles, during
interorganizational technology development. Extensive relational skills
have many benefits, as prior research has shown (e.g., McCallum &
O'Connell, 2009), but properly revising the project management
principles based on an integrated set of practices play a fundamental
role. If project management practices are not revised, conflict or
tension between partners might emerge and hamper interorganizational development. Therefore, firms attempting to improve the ways
they manage interorganizational technology development should
revise their project management practices to enable effective technology development.
Second, the findings are also relevant for coordination and control
activities dedicated to technology development. Our findings suggest
that firms have modified current coordination activities and invest
more attention in value‐based control mechanisms. Partnerships with
science‐based partners include: scientific performance indicators in
evaluation criteria and adopting a dual evaluation structure for respective partners. Additionally, partnerships with market‐based partners
demand: conducting joint review meetings with the project management group and adopting the partner's representation on the steering
committee. When firms modify their project management practices to
cooperate with market‐ and science‐based partners, they increase the
chances of project success and advance competitive advantage. Therefore, firms are encouraged to revise coordination and control activities
according to the nature of the partners.

5.3

|

Limitations and future research

The present study has limitations. Data were collected from large
technology‐oriented firms that were generally practicing interorganizational technology development with market‐ and science‐based
partnerships. For less innovative firms, the outcomes may differ.
Moreover, the present study only captured the focal firm's perspective of how partnerships with market‐based and science‐based partners can be managed. Further studies could thus attempt to capture
a relational perspective from both sides of the dyad. By investigating
both sides of the dyad, researchers can identify challenges with a
broad view of the partner's arrangement, and provide valuable
insights for both sides.
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APPENDIX

c. Joint activities with external partners
1. How is the project plan synchronized among partners regard-

A.

|

Interview guideline used during Phase C

a. Technology development
1. Describe the technology development and the perception of
technology development processes in your company.
2. What strengths and weaknesses do you see in your current
way of implementation and organization of these processes?
3. How does a technology development project work in practice
in your business? Do you see problems, conflicts, and potential solutions?
4. How has your company's process for technology development
changed over time?
5. Have you made any changes to the technology development
process over the last ten years? If yes, why and how? Do
you see some reason (e.g., challenges) to improve the process
further?
b. Interorganizational partnership

ing inputs (objectives), duration, budget, and expected
benefits?
2. Are external partners typically involved in all the stages of the
joint project? Or are they involved in specific time points of
the technology project?
3. Are the monitoring routines different when external partners
are involved in follow‐up activities (e.g., reports, meetings,
lab visits)? Do you have joint monitoring procedures?
4. Do you apply any initiatives to ensure that the external partners will work according to the planning, to reduce the likelihood of misunderstandings?
5. How do you conduct review meetings (gates) when external
partners are involved in joint projects? Can you describe it?
6. How are the project criteria (checklist) used to evaluate the
deliverables when external partners are involved (e.g., technical feasibility and risk, potential commercial success, payback

1. How often do you cooperate with external partners (e.g., uni-

period, etc.)?

versities, research institutes, customers and suppliers) in tech-

d. Teams and roles

nology development projects?
2. What do you think are most important for your business to
succeed with external partnership projects?
3. What do you need to change—if you could choose freely?
What are the obstacles?
4. How did the collaboration with external partners change over
time (e.g., scope, structure, partners)?

1. Do you think the roles of the internal actors have changed
during the last 5 years, to be able to manage joint projects
with external partners?
2. Could you describe the current roles of the internal actors
(e.g., steering committee, project manager, gatekeepers)?
3. Can you describe the responsibilities of the project manager
during the collaboration with external partners?
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ABSTRACT

This article investigates the vital and often underemphasized front end of innovation. It
aims to explore how firms utilize organizational capabilities to manage multiple sources
of fuzziness (uncertainty, equivocality and complexity). In so doing, we use the
capability- and knowledge-based view to examine the use of firms’ capabilities to
navigate the front end process from vague ideas towards corroborated product
definition. In our qualitative case of seven manufacturing firms, we explore practices,
methods and routines for managing the front end. We explain that new product ideas
can be classified according to different degrees of fuzziness, which implies that not all
product ideas can or should be treated in the same way. In fact, certain capabilities are
more important for managing the development of ideas at low (i.e. process management
and idea refinement) and high (problem formulation and problem solution) levels of
fuzziness. Ultimately, we suggest a theoretical framework that elucidates how firms use
two distinct paths (i.e. tolerance-based or reduction-based) to transform early new
product ideas into corroborated product definitions. In doing so, our results guide
project members in matching the magnitude of knowledge problems with organizational
capabilities and thereby increase front-end performance.

1

1. Introduction
The front end of innovation refers to the early phase of new product development
(NPD), which begins with new product ideas and ends with corroborated product
definitions (Eling and Herstatt, 2017 and Spieth and Joachim, 2017). Decisions made
during this period significantly influence subsequent phases of product development,
and ultimately determine overall product success, time to market, and sales (Markham,
2013). Prior research has shown that the front end of innovation often possesses a
dynamic, interactive nature and faces multifaceted information-processing tests and
conflicting organizational pressures (de Brentani and Reid, 2012, Akbar and Tzokas,
2013). This leads to organizational challenges such as mis-steps, time delays,
over/under estimation of product performance, and unfruitful product definitions.
Despite the growing prominence of studying successful front-end practices, few
studies have attempted to examine the root causes of these organizational challenges
that frustrate the development of consistent product definitions. An emerging
explanation finds its origins in knowledge management literature, which has begun the
task of distinguishing and defining diverse sources of fuzziness (see e.g. Baer, Dirks
and Nickerson, 2013; Felin and Zenger, 2014; Stevens, 2015; Zack, 2001). While most
studies focus on uncertainty (Zhang and Doll, 2011, Schweitzer et al., 2016,
Thanasopon et al., 2016, Spieth and Joachim, 2017), the sources of fuzziness are often
linked to three knowledge problems: uncertainty, which refers to insufficient
information or knowledge (Lievens and Moenaert, 2000); equivocality, which denotes
multiple interpretations of available information (Frishammar et al., 2011); and finally,
complexity, which specifies many elements of the front-end interaction in a non-simple
way (Alam, 2006). Limited studies have focused on two (Frishammar et al., 2011, Reid
et al., 2014) or all three sources of fuzziness (Chang et al., 2007, Stevens, 2014). Recent
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research suggests (Stevens, 2014; Eriksson et al, 2016, Sjödin et al, 2016) that
organizations need to focus on understanding and managing multiple sources of
fuzziness and their influencing role in the front end of innovation. This is necessary
because sources of fuzziness are not mutually exclusive but, rather, are formed by a
reciprocal set of interactions leading to different magnitudes of fuzziness (Zack, 2001).
In addition to understanding these sources of fuzziness, it is also essential to develop
insights into practices, mechanisms and routines by which firms address multiple
sources of fuzziness.
This study demonstrates that front-end capabilities can help organizations
manage sources of fuzziness productively. In doing so, we augment extant research on
the front end of innovation, which recognizes the critical role of organizational
capabilities in mitigating different sources of knowledge problems. For example, on the
question of uncertainty, firms are encouraged to establish methodical processes to
increase the availability of information through contextual scanning or ethnographic
studies (Christiansen and Gasparin, 2016). For equivocality, firms are advised to
organize practices such as group meetings and direct contact between counterparts to
exchange opinions (Frishammar, Florén, and Wincent, 2011). And finally, on the issue
of complexity, firms are encouraged to develop skills in order to consider many more
related factors, simultaneously and dynamically (Stevens, 2014). However, current
knowledge on front-end capabilities remains largely fragmented and, more crucially,
the underlining mechanisms explaining how these capabilities address sources of
fuzziness are not well understood.
The purpose of this study, therefore, is to increase understanding of how firms
utilize front-end capabilities to manage sources of fuzziness so that corroborated
product definition is achieved. In this study, front-end capability refers to the firm’s
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ability to manage operant activities associated with transforming new product ideas into
corroborated product definitions. To address this purpose, we base our work on a
qualitative inductive methodology (Strauss and Corbin, 1998, Denzin and Lincoln,
2011) involving seven large manufacturing firms. Using inductive methodology
enables us to develop a front-end capability framework, which serves to untangle the
role of capabilities in managing the front end of innovation.
Our study offers two main theoretical contributions to front-end literature. First,
we develop a theoretical framework clarifying linkages associated with managing
sources of fuzziness at the front end of innovation. The theoretical framework explains
how firms use two distinct paths to transform new product ideas into corroborated
product definitions. In doing so, our results guide project members in matching the
magnitude of knowledge problems with organizational capabilities and achieving frontend performance. Second, we explain that differing ideas (with differing levels of
fuzziness) require different capabilities, which implies that not all product ideas can or
should be treated in the same way. Whereas certain ideas with low fuzziness demand
refinement capabilities and a hybrid-process approach, high fuzziness ideas demand
problem-formulation capabilities to clarify, verify and unify problems prior to engaging
in solution searching. Our findings demonstrate that, in the case of a mismatch between
the level of fuzziness of the ideas and the capabilities applied, challenges emerge that
hinder the creation of corroborated product definitions. Together, these findings
augment the knowledge management literature (Baer et al., 2013, Felin and Zenger,
2014) on front-end challenges and, therefore, assist firms in creating corroborated
product definitions.
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2. Theoretical Background
The front end of innovation is a multi-activity phase that precedes the formal
development of a new product (Spieth and Joachim, 2017). New products are often
born as ideas and then move through front-end activities and then on to corroborated
product definitions (Florén and Frishammar, 2012). These activities, which are often
unpredictable, chaotic and unstructured, have been investigated under collective terms
(Langerak et al., 2004), such as front end (e.g., Khurana and Rosenthal, 1997), fuzzy
front end (e.g., Koen et al., 2001), predevelopment activities (e.g., Cooper, 1998), and
early development (e.g., Kleinschmidt and Cooper, 1991). Although the collective
terms are different, these insights converge on the issue that sources of fuzziness are
one of the main challenges in formulating a competitive product definition. Sources of
fuzziness have been studied by scholars primarily under the lens of the knowledge
management literature (for an overview, see Zack, 2001).

2.1 Source of fuzziness in the front end of innovation
In the main, front-end literature has identified three distinct sources of fuzziness:
uncertainty, equivocality and complexity (Stevens, 2014). Uncertainty is defined as
insufficient factual information and knowledge required to develop a product definition
(Chang et al., 2007). Equivocality refers to a situation where multiple and conflicting
interpretations of the same data, facts and information are made (Frishammar et al.,
2011). Complexity denotes the number of situational elements and relationships to be
coordinated or considered simultaneously in envisioning a solution (Stevens, 2014).
Scholars have suggested that sources of fuzziness largely obstruct assertive frontend activities and, as such, can be managed through specific managerial approaches. In
terms of idea development activity, Alam (2006) has asserted that uncertainty makes it
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difficult to envision adequate product definition because customer needs are often
unclear. In contradistinction, Ogilvie (1998) suggests that uncertainty at low levels may
well inspire innovator creativity. Concerning idea refinement activity, Cooper (2006)
has suggested that equivocality can create delays in feasibility planning due to divergent
perceptions of the resources needed. In the same vein, Stevens (2014) suggests that
equivocality can create confusion in analysing feasibility reports performed by external
laboratories. Although those findings are rather well developed, they have been
insufficient to demonstrate under which conditions sources of fuzziness are beneficial
or otherwise for front-end outcomes.
In sum, the literature on the front end has merely investigated negative influences
stemming from sources of fuzziness (excluding Chang et al., 2007). However, some
literature has indicated that fuzziness has positive effects on the success of innovation
by inspiring innovator creativity and learning (e.g., Alves et al., 2005). It is, therefore,
critical for front-end management to consider both positive and negative effects.
However, managerial studies have not extensively explored how to utilise firms´
activities, practices and routines to enhance positive aspects and mitigate negative ones.
Therefore, knowledge is limited to understanding routines and practices that should be
employed to create robust product definitions. Table 1 provides a list of positive and
negative consequences of sources of fuzziness for front-end activities.
Table 1 - Influence of sources of fuzziness on front-end activities
Front-end activities
Idea Development

Idea Alignment

Idea Legitimization

Uncertainty
(-) Difficult to envision an
adequate solution because
customer needs are unclear
(+) Inspires innovator creativity
for novel ideas
(-) Develops solution on a deadend product platform
(-) Peripheral fit with company’s
strategy
(-) Biased decisions in favour of
“pet projects”

Equivocality

Complexity

(-) Extensive meetings to reach
convergence solution for a
given problem

(-) Exhaustive test to evaluate
the interaction between parts
or components
(+) Stimulates learning practices

(-) Insufficient market
attractiveness analysis due to
multiple assumptions about the
sales forecast

(-) Conflict between users and
customer needs, making the
identification of product
requirements more complex

(-) Managers assume project
development without
committing adequate resources

(-) indicates negative influence (+) indicates positive influence.
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2.2 Capabilities for managing the front end of innovation
In general terms, organizational capability is a “firm’s capacity to deploy resources for
a desired end result” (Helfat and Lieberman 2002, p. 725). Assink (2006, p. 219)
describes the capability to innovate as: “the internal driving energy to generate and
explore radical, new ideas and concepts, to experiment with solutions for potential
opportunity patterns detected in the market’s white space and to develop them into
marketable and effective innovations”. Firms that show a greater aptitude for
successfully developing new product ideas in order to enhance their competitive
advantage can be said to have front-end capability (Björk et al., 2010). Although the
notion of front-end capabilities has been widely discussed in the literature, it still
remains fragmented (see Table 2). We draw on the well-established theory of the
resource-based view (Barney 1991) and its application to the front end to explore new
insights into how firms manage multiple sources of fuzziness.
Notably, discussions surrounding what are the key front-end capabilities and how
they are critical to corporate competitiveness have been ongoing since the early 1990s.
Much of this literature has either been conceptual or has strongly advocated customer
integration into front-end activities. One of these contributions – Schweitzer et al.,
(2016) – argues that firms need to identify ways of motivating employees to think
proactively and to detect latent customer needs proactivity. This is in line with
Thanasopon et al., (2016), who advocate openness capabilities to generate
commercially successful ideas. Zhang and Doll (2011) argue that internal- and externaloriented capabilities are important in managing front-end activities, but they offer no
practical guidance concerning the circumstances in which those capabilities should be
applied. Indeed, in the work on front-end capabilities, a number of studies have tried to
address the more practical issue of how firms can develop differing ideas. The
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literature, in large part, offers no sound advice or knowledge on how to actually
administer front-end capabilities for differing ideas. Likewise, the literature on frontend capabilities has suggested an extended list of useful practices, methods and
routines, but this research is fragmented and offers no comprehensive view on when to
apply various sets of capabilities. Consequently, supplementary research is needed to
understand how front-end capabilities can be applied to address ideas with different
magnitudes of fuzziness.
Moreover, establishing front-end capabilities has been largely confined to
suggestions relating to either the reduction or the elimination of sources of fuzziness
(uncertainty, equivocality and complexity). In fact, the front-end literature has broadly
suggested reduction-based approaches irrespective of the magnitude of fuzziness. To
reduce uncertainty, Koen et al. (2001) argue for capabilities involving the development
of ‘what-if’ scenarios and problem-solving methods. This is in line with Stevens (2014),
who, for the purposes of equivocality reduction, recommends a focus on capabilities
that organize the communication flow between stakeholders in order to assure
convergence on one interpretation. Similarly, Stevens (2014) suggests particular
capabilities to increase data processing capacity and analysis so that complexity is
reduced. Accordingly, this literature has suggested detailed sets of activities for frontend project members concerning the reduction of uncertainty, equivocality or
complexity. However, these insights typically overlook the preliminary conditions that
determine either the reduction or the tolerance of sources of fuzziness. Therefore, the
literature on front-end capability is unclear in seeking to explain how capabilities
interactively work to address differing sources of fuzziness.
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Findings support two organizational capabilities to manage the front end. The
capabilities are commitment of resources and technical expertise with the means
to accumulate foresight and become aware of previous experiences.

Capabilities are mainly devoted to streamlining the communication between R&D
and marketing departments through an information-processing perspective.
Other departments and external actors are unexamined.
Aggregated capabilities are envisioned to assist a transition towards a full
integration of organizational activities. Capabilities are grouped into three sets:
awareness capability, islands of capability and integrated capability.
Capabilities are organized through a circular theoretical model, deployed on five
practices and intended to provide a common language and consistent definitions
of front-end elements. The inner parts of the theoretical model were specifically
designated as elements rather than processes.
Capabilities are essentially devoted to guiding customer interactions via particular
actions. Customer interactions include practices: idea generation, idea screening
and concept development, and testing. Unintended consequences of extensive
customer integration were not revealed.
A four-activity-based management model is advocated to reduce sources of
fuzziness. This study suggests particular practices to quantitatively assess
fuzziness and acknowledge the positive and negative influence of fuzziness in
leveraging creativity.
Communication activities, early involvement of customers, feasibility studies and
setting up clear technical specifications were considered crucial capabilities to
manage the front end of innovation.
Internal- and external-oriented capabilities are considered important to manage the
front end. Capabilities should be focused on improving the interconnectivity
among individuals and should permeate through firms’ boundaries to reach
external actors (customers, suppliers).
Capabilities are devoted to developing information-acquisition systems and
analysis regarding changes in technology, market, internal priorities and
competitors. Moreover, internal routines should include activities to exchange
subjective views, to define a problem, and to resolve disagreements.
Capabilities centre on three generic learning strategies and are aggregated into
three sets of actions. The capabilities include competencies recruitment, use of
guiding visions, and a process to connect client expectation with firms’
solutions. Different types of partner are unmapped.
Individual levels of capabilities are highlighted. Managers are advised to identify
ways of motivating employees to think proactively and detect latent customer
needs proactivity.
Firms are advised to develop openness capabilities. The capabilities include
searching capability, coordination capability, absorptive capability and
collective mind. Shortcomings of open capabilities are not explored in this study.

Key insights relating to front-end capabilities

Table 2 - Representative studies of managing sources of fuzziness
Insights on managing sources of fuzziness

Fuzziness reduction largely relies on systemic involvement and interaction with
customers, creation of proficiency on ‘idea hunting’ in the firm, and
establishment of project management methods to remain focused on a limited
number of projects.
To reduce multiple sources of fuzziness, this study suggests a decision-making
method based on four activities. Sources of fuzziness include uncertainty,
equivocality, complexity and variability. Degree of fuzziness are assessed but
unpacked in managerial recommendations.
This study highlighted the importance of reducing market and technical
uncertainty during the front end. The degree of newness was found to influence
the reduction of technical uncertainty and efficiency.
Building upon uncertainty theory, this conceptual paper underscores the negative
consequences of uncertainty for the project team’s vision. It suggests that
uncertainty reduces the team´s sense of shared purpose and leads to unclear
project targets and priorities.
This study examines the dilemma between sequential and simultaneous
management of sources of fuzziness. The results show that equivocality and
uncertainty are reduced consecutively in successful projects and concurrently in
unsuccessful projects.
This study formally establishes a cause-effect link between organizational learning
strategies and the dimensions of fuzziness. However, the study provides
insufficient information about how the learning strategies interact to address one
or multiple sources of fuzziness.
To reduce uncertainties, firms are no longer encouraged to intensify R&D and
market interaction but rather train employees to take a proactive customerorientation approach.
The reduction of uncertainty includes the firm’s ability to stimulate front-end
project members to explore, gather and assimilate operant resources from
external sources through interorganizational partnerships and external search.
This study is among the first to suggest an open approach to manage fuzziness.
Findings indicate that organizational capabilities and strategic orientation could
directly reduce the uncertainty rate in the analysis of front-end activities.

Proficient uncertainty reductions mainly focus on methods for opportunity
identification including development of ‘what-if’ scenarios, problem-solving
methods, and adoption of less rigorous criteria to select potential new ideas.

Efficient uncertainty reduction requires the creation of strong communication
flows between departments through information systems that gather and
structure information, thereby streamlining the decision-making process.
Management practices to reduce uncertainty are restricted to technical
uncertainties for product and manufacturing issues.
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3. Methods
3.1 Research approach and case selection
To gain a deeper understanding of the knowledge problems and organizational
capabilities in the front-end process, the present study has adopted an exploratory casestudy strategy. This choice was motivated by three factors. First, exploratory study
enables the investigation of multifaceted and context-bounded phenomena such as
concept development because it permits deeper insights into how and why firms use
certain practices (Edmondson and McManus, 2007; Eisenhardt and Graebner, 2007).
Second, prior research into the influence of different managerial approaches on the
front end of NPD is still at a nascent stage, and case studies will facilitate the collection
of rich, detailed and evocative data needed to further our understanding of phenomena
related to managing knowledge problems (Edmondson and McManus, 2007). Third,
sources of knowledge problems on the front end of NPD are considered a complicated
subject, involving complex information processing, tacit knowledge and conflicting
individual/organization interests that require rich qualitative data to untangle
underlying mechanisms (Florén and Frishmmar, 2012). Finally, a case-study approach
allows in-depth discussion on evaluating and managing divergent types of knowledge
problem by means of an integrated framework (e.g., Ulaga and Reinartz, 2011).
The multiple case studies undertaken here involve seven manufacturing firms.
The selection of these cases was motivated by the following reasons. First, the
companies had a reputation within their industry for having well-functioning front-end
activities. For example, several of the firms were present on lists of the most innovative
companies nationally and, in some cases, globally. Second, due to prior experience of
working with these companies, the researchers were positive about capturing detailed
insights into front-end processes and gathering data from multiple respondents within
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the case companies. Third, cases were selected to capture insights from multiple
industry sectors, providing a broad perspective on front-end activities, and enriching
our outlook on the challenges experienced in efforts to reduce fuzziness from multiple
domains.
Table 1 – Descriptive information about the respondents
#
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Title
Research manager
Senior researcher
Innovation manager
Strategic product manager
Service and business model
Specialist engineer
Quality engineer
Mechanical engineer
Manager product portfolio
Global portfolio manager
System engineer manager
Laboratory technician
Application develop. manager
Technical service director
Application develop. director
Purchase manager
Managing director
R&D manager
Component preparation
Project manager
Global project manager
Vice president – R&D
Manager R&D
Vice president – Eng. Service
Direc. of Global Strat. Project
VP – Automation and Tech.
Senior project manager
Development engineer
Technology specialist
Director Business Develop.
System analyst
Senior researcher
Manager R&D
Director R&D
Manager - Materials
Manager - Electro mobility

Ref.
A1
A2
A3
A4
A5
B1
B2
B3
B4
B5
B6
C1
C2
C3
C4
D1
D2
D3
D4
D5
E1
E2
E3
E4
E5
E6
E7
F1
F2
F3
F4
G1
G2
G3
G4
G5

Academic Training
M.Sc. Business and Administration
Ph.D. Physics
M.Sc. Mechanical Engineer
Upper Secondary Engineer
MBA Business Administration
M.Sc. Manufacturing Engineer
Civil Engineer
Upper Secondary Engineer
Ph.D. Product Design
Mechanical Engineer
M.Sc. Chemical Engineering
M.Sc. Industrial Engineering
M.Sc. Chemical Engineering
Civil Engineering
Mechanical Engineering
Mechanical Engineer
Electronic Engineer
M.Sc. Electronic Engineering
Electronic Engineer
Electronic Engineer
Mechanical Engineer
M.Sc. Research and Development
M.Sc. Technology Management
M.Sc. Computer Science
M.Sc. Electrical Engineering
Mechanical Engineer
Mechanical Engineer
M.Sc. Fluid Mechanics
Mechanical Engineer
Mechanical Engineer
MSc Electronic
Ph.D. Automatic Control
M.Sc. Electro technical engineering
Ph.D. Electronic Controls
Ph.D. Corrosion Science
Ph.D. Vehicle Engineering

Y. empl.
16
18
14
18
17
13
32
9
10
18
11
6
6
18
8
32
20
13
40
10
17
29
29
32
24
18
30
17
10
30
32
15
18
21
20
27

Manufacture sector
Telephone Communications
Telephone Communications
Telephone Communications
Telephone Communications
Telephone Communications
Medical Equipment
Medical Equipment
Medical Equipment
Medical Equipment
Medical Equipment
Medical Equipment
Packaging Paper and Plastics
Packaging Paper and Plastics
Packaging Paper and Plastics
Packaging Paper and Plastics
Electronic Equipment
Electronic Equipment
Electronic Equipment
Electronic Equipment
Electronic Equipment
Construction and mining machinery
Construction and mining machinery
Construction and mining machinery
Construction and mining machinery
Construction and mining machinery
Construction and mining machinery
Construction and mining machinery
Vehicle systems
Vehicle systems
Vehicle systems
Vehicle systems
Commercial vehicles
Commercial vehicles
Commercial vehicles
Commercial vehicles
Commercial vehicles

Dur.
75
50
55
40
50
45
70
45
50
30
35
60
50
50
70
40
50
25
30
35
55
45
40
35
30
45
50
50
50
45
40
40
45
50
40
50

3.2 Data collection
Our data collection was conducted through workshops, interviews and the collection of
internal material (e.g., workflow charts). The respondents included senior executives,
midlevel managers, technical specialists, project managers, and engineers employed
mainly in R&D departments; and with 6 to 40 years of experience. This range of staff
positions and experience added diversity to our sample and allowed us to capture
alternative views of the knowledge-problem challenges inherent in front-end activities.
By conducting interviews across several hierarchical levels, we were assured that
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interviews represented wide organizational perceptions, thereby mitigating potential
position bias. In total, 36 interviews were conducted. The interviews ranged in duration
from 30 to 75 minutes, and all conversations were recorded and transcribed.
During the interviews, we used open-ended questions relating to the overall
purpose of the study. Specifically, questions were asked about a) issues experienced
during front-end activities b) routines and capabilities used to manage the front end and
c) overall reflections on outcomes and success criteria for the front end. During the
interviews, respondents were given significant freedom to widen the discussion. Thus,
departing from specific questions was permitted for the purpose of exploring themes of
particular interest that emerged during the interviews. Accordingly, the interview
guideline was adapted and changed slightly throughout the data collection process so
that emerging themes could be captured.

3.3 Data analysis
The data analysis followed the thematic analysis method presented by Braun and Clarke
(2006). The thematic analysis method offers an iterative sequence of steps to identify,
analyse and report patterns (themes) within data so that an empirically grounded
framework could be developed. Moreover, it provides a means to find links within
analytical themes, effectively and accurately. Through a series of iterations and
comparisons, it is possible to identify concepts and themes for an empirically grounded
framework. In the following paragraphs, we describe the sequence of actions taken
during data analysis to examine how manufactures manage sources-of-knowledge
problems on the front end of NPD. To support the analysis process, we used a
qualitative data analysis software, MAXQDA (v. 12).
The first phase in our data analysis focused on in-depth analysis of the raw data
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(e.g., interview transcripts). We familiarized ourselves with the data through repeated
reading of the interview transcripts and noting down initial ideas (marking phrases and
passages that were interesting). In the second phase, we coded common and interesting
words, expressions, phrases and terms that respondents used. This allowed us to
structure the data to generate initial codes and identify first-order concepts. Examples
of first-order concepts include, for instance, ‘limited knowledge problems require
involvement of experts’. These codes expressed the respondents’ voices and
perspectives largely in their own words. At the same time, we created comprehensive
memos for each informant interview. The third phase was dedicated to searching for
second-order concepts by collating several pertinent codes into more theoretically
refined concepts. Examples of a second-order concept include: stimulating new idea
generation, and filtering and processing ideas. In the fourth phase, we revised and
refined the second-order concepts. Codes were excluded, added or, in some cases,
rearranged into different concepts. The purpose was to generate a thematic map
providing an overview of the relevant quotes so that reflections between the information
collected from the respondents and the secondary sources were facilitated. To
streamline our group discussion and to make sense of the themes, we relied on a code
matrix and a code-related browser supplied with the data analysis software. In the fifth
phase, we named all themes and tied them into the story of the analysis and the
literature. The goal was to generate clear definitions and names for each theme together
with all the researchers. Consequently, our analysis resulted in a thematic map
consisting of several themes relating to how sources-of-knowledge problems on the
front end of NPD can be managed through organizational capabilities.
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4. Findings
The analysis identified two main themes: (1) knowledge-processing requirements
(overall fuzziness assessment) and (2) front-end capabilities (problem-formulation
capability, problem-solution capability, idea-refinement capability and processmanagement capability) (see Figure 1).
Before presenting the themes, it is important to note that all manufacturing firms
described the ability to manage sources of fuzziness (uncertainty, equivocality and
complexity) as a fundamental aptitude in developing competitive product definitions.
During interviews, on the issue of recognizing the sources of fuzziness, respondents
emphasized that those impediments were constantly present and often overlapped
during the front end. This is aligned with extant literature of the front end (Frishammar
et al., 2011, Stevens, 2014, Eling and Herstatt, 2017, Spieth and Joachim, 2017);
however, dissimilar patterns emerged when respondents presented their view related to
how manufacturing firms manage sources of fuzziness as they move from new product
ideas to corroborated product definitions. The next section presents the analytical
findings separated into two themes.
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Dynamic review/evaluation practices
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Agile development process for rapid idea refinement
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Figure 1. Data structure
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4.1 Assessing knowledge-processing requirements through fuzziness assessment
The data analysis reveals that manufacturing firms applied a fuzziness assessment to
evaluate different sources of fuzziness (uncertainty, equivocality and complexity) in
the product idea before beginning the front-end phase. Respondents pointed out that the
assessment of fuzziness assisted manufacturing firms in efficiently navigating the
search for solutions from early new product ideas to corroborated product definitions.
Thus, the fuzziness assessment helped to select appropriate information-processing
practices and routines to further develop and refine each new product idea according to
its degree of fuzziness. When the assessment of fuzziness is incorrect, the risks of
focusing on irrelevant sources of fuzziness or working negligently on important
problems are enhanced. In our analysis, we identified two ways of describing the
magnitude of fuzziness: low degree and high degree of fuzziness.

Low degree of fuzziness refers to a situation where the solution for a new product idea
is easily accessible, agreed and broken down into logical parts. According to many
respondents, manufacturing firms frequently identified potentially valuable but
unrefined product ideas that could be further developed through dedicated activities and
methods. The following characteristics described such situations: Sufficient information
is accessible, easy to agree on idea contents, and the possibility of deconstruction into
idea features or components.
Sufficient information is accessible refers to a situation where a product idea is
characterized by insufficient but easily accessible technical, regulatory and commercial
information. This could relate to information concerning clarification of product
requirements and evaluation of component availability for prototyping, which are
readily available. This can take the form of calls to customers to verify the product
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design, affiliation to governmental agencies to access potential regulatory changes, and
direct contact with suppliers to evaluate component availability for the long term. For
example, a development manager at C2 described a situation where easily accessible
information was lacking:
Then I also try to find information, I contact suppliers to see what they have and
if there is a solution for this [unrefined product idea]. (Application Development
Manager, C2)

Easy to agree on content refers a situation where the divergent opinions that often
emerge during feasibility-report analysis and market-attractiveness assessment are easy
to handle. For example, respondents acknowledged that ad-hoc consensus meetings
were often sufficient to reach a common understanding about an idea concerned with
clarifying the next steps in the search for a solution. In this vein, a product portfolio
manager at B4 mentioned that, with many ideas, selecting the path ahead can be
accomplished organically:
I have tried to ask them ‘so how did you select?’ They say we have done some
engineering studies and some concept developments, and we had an ad-hoc
meeting, sometimes it sounds more systematic and sometimes not. (Manager
Product Portfolio, B4)

The possibility of deconstruction into small features or components refers to
unrefined ideas, which could easily be separated into simple and smaller parts,
facilitating feasibility-test planning. According to respondents, the deconstruction of a
product idea into smaller parts facilitates the planning of experiments and allows fast
and interactive modification of product prototypes. For example, a director at firm E
described how they were able to address the development of multiple product
components:
The complexity is there all the time, we live with it. We have a good culture, we
break it down into smaller parts and address it part by part. It will never be a
problem for us. (Director of Global Strategic Product, E5)
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High degree of fuzziness refers to a situation where the solution for a new product idea
is unlikely to be accessible, agreeable and dividable. For example, respondents
described situations of ill-defined or raw product ideas with insufficient information,
conflicting subjective views, and a large number of situation elements to consider. In
this case, it is hard to understand the problems, symptoms and potential solutions.
Respondents indicated that, if mismanaged, new product ideas with high degrees of
fuzziness will lead to inconsistent product definitions and time delays in creating a
robust solution. The following characteristics described such situations: Lacking
essential information, challenge of multiple-idea interpretations, and difficulty in
breaking it down into idea features or components.
Lacking essential information refers to the absence of critical data to understand
customer problems, symptoms and related solutions. This can lead to problematic
consequences such as difficulty in envisioning an adequate solution and in planning
feasibility tests. However, respondents indicated that “less can be more,” where having
less information can actually help decision makers during problem formulation.
Respondents described this mindset as careful selection of a set of relevant facts and a
broad overall perspective to identify and test alternative strategies. For example, a
system analyst at F4 relates this situation:
Well, it's become more important to work in an intelligent way with this, with the
uncertainty in the front end. Sometimes we get confused when we have too much
data to analyse for a prototype. My advice for that is working wisely and only
gathering relevant information and ignoring details, otherwise we get lost.
(System Analyst, F4).

Challenge of multiple-idea interpretations refers to the potentially negative
influence of contradictory views on product ideas. The general feeling was that
contradictory point of views within the development organization escalated
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departmental conflicts and, as a consequence, prolonged a product definition by weeks
or months. Respondents indicated that open forums were a positive source of
enrichment and could stimulate faster solution searching; however, when mismanaged,
they could prolong discussion and even block important front-end decisions. For
example, a R&D manager at G2 stressed the importance of managing the challenge of
multiple-idea interpretations:
You think that it is obvious and everyone does as they should. But they do not...
They make their own interpretation, and then there will be conflicts in the future
(Manager R&D, G2).
Difficulties in breaking it down into features or components refers to the
challenge of understanding the interactions among a large number of product
functionalities. For example, customers may require too many functionalities that
interact in a non-simple way. According to respondents, the non-simple way of
interaction complicates planning, profitability estimates and payback-period
calculations, often resulting in longer development processes. For example, the
following sentiment was expressed by a VP of engineering services at E4 and was
echoed by several others:
The simpler the problems you have, the simpler project members can create
solutions. Sometimes there are so many interactions among product features that
it is extremely difficult to create a solution. (Vice-president for Engineering
Service, E4)

4.2 Front-end capabilities
Front-end capabilities represent a set of practices, methods and routines that enable
manufacturing firms to take an initial idea and successfully develop it into a
corroborated product definition. The data analysis indicates that firms rely on a set of
distinct routines, which are associated with four capabilities concerning management
of the front-end innovation process. These include: problem-formulation, problem-
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solving,

idea-refinement,

and

process-management

capabilities.

A

detailed

characterization of each capability is presented below.

4.2.1 Problem formulation capability
Respondents stated that problem-formulation capability represents a firm’s ability to
clarify and verify problems and their consequences, and to formulate a unified idea of
a product concept. In their view, problem formulation involves two distinct activities
problem-articulation activity and team-based problem framing.

Problem-articulation activity represents activities intended to verify missing
information on symptoms and find unity in multiple interpretations of problems. For
example, with regard to engaged in mapping the symptoms of problems to simplify
interpretation, respondents highlighted the importance of implementing visual
representation models to provide a holistic view of all problems and causes. According
to respondents, in making use of representation models, project members could map
symptoms and illustrate possible underlying reasons, helping to simplify the
interpretation. Moreover, representation models display the relationships between
problems and consequences clearly and logically and facilitate problem diagnosis. This
characteristic was highlighted by a senior researcher at firm G:
But the first thing I'm thinking about is perhaps then clarity, to understand the
target picture [visual representation model] and understand the situation and the
task. (Senior Researcher, G1)

Similarly, with regard to collectively translate symptoms and sub-symptoms and
determine information requirements, respondents underscored the benefit of using task
forces to decode symptoms into problems. For them, customer needs or problems are
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often badly understood, leading to misconceptions about the real problems and thus
hindering the development of corroborated product definitions. Respondents also made
clear that, without collective task forces to decode symptoms, firms could reject good
ideas or promote bad ideas for political reasons. However, respondents highlighted the
importance of adopting cause and effect diagrams to maintain the focus of the project
team on relevant problems and ensure that no one wastes time chasing nonexistent
problems. This mindset is described by a director at firm G:
We had a giant consulting firm that helped us build a template of the workshops.
So now we sit there with really complicated files [problems] that we hardly
understand. But we know what that means and where we are going. (Director
R&D, G3)

Team-based problem framing refers to cycles involving interpretation of problems and
symptoms, interactive discussion about solutions, and negotiation to achieve
convergence around a definition of the problem solution. By collectively framing a
concept, respondents underscored the benefit of maintaining the focus of project
members on valuable problems, and so improving the chances of finding feasible
product definitions. For example, such effort can involve the validation of problem
formulation by unifying heterogeneous team perspectives. This practice refers to the
deliberate effort to reach consensus so that the views of diverse groups do not result in
multifaceted problem formulation. This is needed because teams are often composed
of individuals with heterogeneous knowledge, experiences, information, interests, and
cognitive structures. For example, a specialist engineer at manufacturing firm G
stressed the importance of consensus in validating problems:
Difficult ideas are part of our reality. To understand these types of ideas, we use
diverse group formation to enhance the discussion and value of a solution.
However, the challenge and maybe the main benefit is the consensus part,
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because we have to exchange options and facts to convince others. (Manager,
G4)

Separation and ranking of valuable solutions according to shared assumptions
refers to procedures developed by the quality assurance department to frame problems,
such as FMEA (Failure Modes and Effect Analysis). Such procedures help to analyse
the means or modes of each problem and to study the consequences of proposed
solutions. More specifically, FMEA and similar procedures were performed via
heterogeneous groups and guided by documentation, which listed problems and
opportunities, their consequences and the estimated effort needed to solve them. A
quality engineer at firm B explained it as follows:
I think one thing to improve would be to have a clearer checklist or to talk about
technology readiness, to work out ‘do we have a concept here that we can
continue working on?’ Because something can be so broad, we like to have
technology here but, when you decide to go for it, the plan is then to implement
it, execute it and start to produce it. (Quality Engineer, B2)

4.2.2 Problem-solving capability
The data analysis indicates that problem-solving capability is the firm´s ability to
disentangle problems. According to respondents, problem-solving capability aids
project members in moving from problem-formulation activities to corroborated
product definitions. The problem-solving capability rest upon two activities, namely
solution-search activities and legitimizing solutions as described below.
Solution-search activities refers to a form of investigation in which employees or teams
cognitively and physically try to search for and solve problems quickly in order to move
product definition forward. This includes activities for rapidly creating and developing
multiple solutions, and then employing selection procedures to rank effective solutions.
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Rapidly create and develop multiple solutions refers to the use of prototypes to
validate mental models and physically assess technical and commercial feasibility.
Respondents stressed the need to create multiple alternatives and varied solutions in the
laboratory and with lead customers, via mock-ups concerning technical feasibility
evaluation. The idea of creating preliminary prototypes is referenced by an innovation
manager at firm A:
The focus of projects [idea development] into garage [incubator program for new
product ideas] is for some period of time, a restricted period, bringing forward a
first prototype (…). It is all about giving the manager an opportunity to look at
and evaluate it, and then you make a decision on whether or not it is something
to continue working on. (Innovation Manager, A3)

Employ selection procedures to rank effective solutions refers to using criteria
with hybrid assessment (qualitative and qualitative) to select an appropriate solution at
the preliminary stage. These criteria would typically be applied in project review
meetings where the performance and effectiveness of different solutions are assessed.
However, respondents emphasize that selection procedures extend beyond taking into
account technical aspects of the new solution to include business interest and
commitment from organizational stakeholders. A innovation manager at firm A
underlined this point:
There is a procedure which we call “selection”, where we look at: 1. Is there a
technical challenge at this stage [remaining knowledge gaps]? And up until today
we have said, that if it is something that does not belong to our company research
mainstream we have to question: is there a driver that could be interested in
running this from idea to final prototype? Is there an acceptance by management
and is there an interest from a possible receiver internally, which would be the
business department? (Innovation Manager, A3)

Legitimizing solutions refers to the use of examination by external experts to identify
criticisms and discussions with senior managers in order to legitimize solutions. In
particular, respondents reiterated repeatedly that solution legitimization requires testing
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solutions with external experts as well as informal processes to pitch solutions to top
managers prior to formal approval.
Employ testing solutions with external experts refers to actions scrutinizing a
preliminary solution to pre-validate the product characteristics of a new concept
(dimensions, performance and functionality) by external experts. The general feeling
was that this testing was important to mitigate potential deleterious effects of
unacknowledged preconditions related to the product concept, thereby increasing the
chances of a successful product definition. Respondents indicated that support from
business consultants and technical evaluations by universities or research institutes was
one of the most used practices to validate the effectiveness of product definitions. An
R&D manager at firm G explained how they had a portfolio of partners to evaluate
product concepts:
We also hold a portfolio of partners that we access for consultancy. You should
have a framework and a process that enables you to keep a portfolio up to date
all the time, around 20 years ahead, whenever and whatever we need to do
research in. (Manager R&D, G2)

In addition, informally pitching the solution to top managers prior to formal
approval refers to private meetings with respective directors to reach consensus prior
to a review meeting. These legitimization procedures were seen as a way of mitigating
social-political factors and pre-validating a list of future product definitions prior to
Board of Director approval. For example, a system analyst described how he would
attempt to anchor product concepts with key stakeholders:
Here, we can have a discussion, those who work in production for the senior
manager. It is focused on the constructive, getting the best solution from all of us
before the formal decision. (System analyst, F4)
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4.2.3 Idea-refinement capability
The data analysis indicated that idea-refinement capability is the firm´s ability to use
prior internal or external knowledge to validate an idea. According to respondents, idearefinement capability favours the front-end outcome by accelerating concept
development through the use of prior experiences. In particular, idea-refinement
capability relies largely on leveraging best practices and on assessing external trends
and threats.
Leveraging best practices is found to positively influence the development of
successful product definitions. According to respondents, manufacturing firms use best
practices to highlight successful experiences, which ultimately increase the chances of
bringing effective ideas to the surface.
Benchmarking prior internal technical knowledge refers to the scrutiny of lessons
learned from successful and failed prior development projects. The general perception
of lessons learned was that storing and retrieving such knowledge represents a rich
source of information, allowing project members to circumvent mistakes and expedite
idea refinements. For example, a R&D manager at A4 described a practice they used:
But you could also imagine very quickly, almost in the abstract, what the project
has done, what has been achieved as well as other lessons learned during the
project that you should consider. (R&D Manager, A4)

Re-engineering of competitors´ products refers to disassembling a product into
its component parts in order to access potential complementarities. This activity was
often performed by a dedicated group of R&D specialists to identify design
improvements and cost-reduction opportunities with a view to feeding project member
discussions during the front end. A systems engineering manager at firm B stated:
We brought some of the competitors’ products and tore them apart, and that was
a part of ‘phase zero’. It was an important input! From this observation, we
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improved the performance of our product regarding speed. (Systems Engineering
Manager, B6)
Evaluating emerging trends and threats refers to systematically scanning technology
trends and evaluating competitors’ products to detect opportunities and forestall threats
in a timely manner. Respondents indicated that inputs from the external context were
absorbed through external-scouting practices to align with technology trends and
capture useful information from external experts.
More specifically, this involves external scouting to align with technological
trends. Here, respondents stressed the importance of performing internal searches to
identify technology trends so that technology transformation cycles could be detected.
This practice was performed by means of a regular assessment of intellectual property
(IP) publically disclosed by direct and indirect competitor firms. By observing IP,
manufacturing firms could anticipate future technologies that could in some way
influence the product definition. A mechanical engineer at firm B shared his experience
with scouting:
Of course, we do a scan to see what exists here and what the competitors are
doing and so on, but also to see different areas that are not linked to patient
handling because, in some cases, we can see clearly that this thing used on a car
can actually work on patient handling equipment. (Mechanical engineer, B3)

Capture useful knowledge from external experts refers to systematic practices to
obtain knowledge from external partners (e.g. suppliers and universities). Respondents
stressed the importance of establishing good relationships with external experts to
collect useful knowledge in the front end. For example, they indicated that suppliers
have knowledge and expertise on the latest components and technologies available on
the market, which enable project members to identify potential technical problems
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before product definition is concluded. For example, a development engineer at firm F
stated:
When you have a good relationship with a supplier you quickly get to know if
there is a problem [at the front end]. The supplier can come to you and say that
they have a potential problem, this can happen. We are working on it, and we will
return. Instead of having the vendor two days before delivery call and say this
was an outcome and we cannot deliver for two months. It's no good.
(Development Engineer, F1)

4.2.4 Process-management capability
Process-management capability represents a firm´s ability to systematically coordinate
and control front-end activities in order to effectively progress from new product idea
to corroborated product definition. For respondents, coordination involves the
alignment of joint activities among partners whereas control entails the monitoring of
preliminary achievements and results. Our analysis of respondents’ statements
identified two concepts underpinning this capability, namely, the hybrid-process
approach and dynamic review/evaluation practices.
The hybrid-process approach refers to combining traditional and agile approaches to
the management of front-end activities in pursuit of idea refinement. According to
respondents, to accelerate idea refinement, manufacturing firms have to market
validation practices through interaction with customers and key actors. Such an
interactive approach can be operationalized under agile development processes for
rapid idea refinement using regular feedback sessions.
Agile development processes for rapid idea refinement refers to the continuous
interaction with partners to enhance a vague idea. For example, many respondents
mentioned that they had implemented Agile Modelling principles (e.g., Scrum and
Feature Drive Development) to assist project members sharpen unclear ideas in
collaboration with external actors. Such interaction allows manufacturing firms to
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constantly revisit the value proposition of the idea, the benefits sought, and the solution
design based on reliable feedback. The use of agile principles for rapid idea refinement
is said to support the successful development of product definition, as mentioned
below:
Experimentation, that’s when you start to build solutions. According to the
reference process, this is when we should use lean and agile ways [principles] to
develop an idea. You should come up with a demo or something that you could
show the customer before you move further into the prototyping. (Strategic
Project Manager, A4)

Regular feedback sessions refer to regularly scheduled feedback sessions starting
from the earliest activities at the front end. Respondents indicated that cross-functional
review committees could act as critical sounding boards and provide opportune and
timely feedback with regard to the content and potential weakness of a new idea. In
particular, review committee members from diverse backgrounds who possess
knowledge that the development team lacks could, according to respondents, bring
about strong enhancement of the initial ideas, given the cross-fertilization of knowledge
and expertise. For example, a director at manufacturing firm C, stated:
Somehow, the key is the mindset, openness, some key people, that have key
competencies, but also this iterative approach, that you try and try again, quickly
learning and feeding back new knowledge to the next test. That is something
valuable, I would say. (Application Development Director, C4).
Dynamic review practices refer to structured activities aimed at addressing knowledge
gaps during idea-refinement activity in an accurate and timely manner. According to
respondents, dynamic review/evaluation practices allow for the active exchange of
knowledge, which accelerates the decision-making process. For example, respondents
stressed that, during the idea-refinement process, disconnected ideas occasionally
surfaced with the effect of overloading the group team on subsequent activities. The
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dynamic review/evaluation practices were based on idea evaluation by heterogeneous
review committees and guided by scorecards for idea screening.
Idea evaluation by heterogeneous review committees refers to structured idea
review meetings deploying people from a wide variety of experiences. Using people
from different functional and technological backgrounds was raised as an important
way of addressing the knowledge gaps and facilitating idea-refinement activity. This
concern was voiced by a manager at manufacturing firm C:
I think that the reason we have successful projects was that we had these crossfunctional teams on the review committee. (Application development manager,
C2)
Use of scorecards for idea screening refers to the use of a vigorous question-andanswer session where senior managers could assess all new product ideas against
agreed criteria. This screening method used multiple factors such as strategic fit,
competitive advantage, market attractiveness, technical feasibility, and financial
rewards. Respondents stressed that, although the screening method is useful for ranking
ideas, the real value in the method is the behaviour aspect. According to respondents,
the fact that senior managers meet, discuss ideas and solutions, debate the criteria, and
make decisions increases the chance of selecting viable ideas. Moreover, respondents
reinforced the fact that scorecards encourage transparency and, consequently, afford
less room for political decisions and ‘pet ideas’.
We are guided by a checklist for selecting achievable solutions. (…) So, it’s
basically a checklist with a list of questions to examine each solution. (Strategic
Product Manager, A4)
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4.3 Towards a framework for managing sources of fuzziness
In this section, the results are consolidated so as to develop a front-end capability-based
framework that explains how to manage idea development in the front end under
different levels of fuzziness. In order to describe the framework and its underlining
explanations, we group the overall discussion under three specific headings. First, the
knowledge-processing requirement for fuzziness assessment is described and
exemplified. Second, a set of front-end capabilities are defined. Moreover, preferred
pathways associated with the capabilities are explained, and the relations between the
various sets of front-end capabilities are presented. Third, the influence of preferable
pathways on front-end outcomes is explained (see Figure 2).

4.3.1 Knowledge-processing requirement
The results demonstrate that firms use knowledge-processing activities to understand
sources of fuzziness prior to solution searching. This fuzziness assessment seeks to
identify the degree of fuzziness in each new product idea. For example, this activity
may help firms to identify what is missing, problematic, or has divergent opinions
among project members. The fuzziness assessment is a important first step and is
initially deployed by means of an individual evaluation of the source of fuzziness
(uncertainty, complexity and equivocality) for each new product idea. To perform the
individual evaluation, respondents emphasized that the use of existent situation
knowledge and inferred values for missing information achieved some degree of
reliability.
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Figure 2. Managing multiple sources of fuzziness at the front end of innovation
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In particular, the data analysis suggests that each source of fuzziness ranges in
degree from low to high, according to the difficulty in solution searching. For example,
for uncertainty, we found that insufficient factual information could range from
‘accessible’ (low degree) to ‘achieved with great difficulty’ (high degree). For
equivocality, the results show that multiple interpretations may range from ‘easily
agreed upon’ (low degree) to ‘hardly negotiable’ (high degree). For complexity, we
found that too many situational elements and relationships can vary from
‘decomposable’ (low degree) to ‘nearly non-decomposable’ (high degree). After
assessing individual sources of fuzziness, respondents stressed the importance of
carrying out an overall examination. According to respondents, the overall examination
of fuzziness assumes that, if at least one of the sources of fuzziness reaches a high
degree of fuzziness, the whole idea is categorized within the ‘high degree of fuzziness’
standard. However, if all sources of fuzziness are at a low level, the entire product idea
is categorized as ‘low degree of fuzziness’. Taken together, the overall examination
enables firms to select appropriate front-end capabilities; these are described below.

4.3.2 Front-end capabilities and pathways
After the knowledge-processing requirement stage, firms select front-end capabilities
according to an overall examination of fuzziness. For respondents, new product ideas
at high degrees of fuzziness demand advanced capabilities for solution searching,
whereas new product ideas at low degrees require adjustment capabilities. We describe
this differing approach as a sequential set of capabilities organized through two
preferred pathways, which we name as the ‘reduction-based path’ and the ‘tolerancebased path’.
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Our results demonstrate that the reduction-based path is required for product ideas
at high degrees of fuzziness. It incorporates two distinctive capabilities: problem
formulation and problem solving. Problem formulation is the firms´ ability to clarify
and verify problems, and to envision a unified product concept. Only after conceiving
a unified product concept can firms initiate the second capability – problem solving.
Through problem solving, firms formulate, rank and test solutions for ideas delimited
by high degrees of fuzziness. Together, problem formulation and problem solving assist
firms in disentangling multiple sources of fuzziness and in delivering a robust frontend outcome. For example, challenges related to multiple-idea interpretations of
customer needs can be addressed through problem-articulation activities designed to
translate symptoms into well-defined information requirements. Likewise, difficulty in
deconstructing into idea features or components can be tackled by engaging in mapping
the symptoms of problems in order to simplify interpretation. According to
respondents, the reduction-based pathway helps firms identify and synthesize the
relevant knowledge that they seek to explore.
Our results also indicate the presence of a tolerance-based pathway, devoted to
imprecise product ideas and how new product ideas can be sufficiently improved. In
particular, a tolerance-based pathway involves idea-refinement and processmanagement capabilities. Idea-refinement capability refers to the firm´s ability to use
prior internal and external knowledge to validate an idea; it allows firms to rapidly
search for solutions based on experiences from prior trials and analysis with different
experts. Process-management capability refers to the firm’s ability to coordinate and
control front-end activities to progress the idea towards product definition. Processmanagement capability complements idea-refinement capability by assisting project
members in efficiently accessing experts and proficiently managing internal practices.
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Together, the two capabilities aid firms in developing a fast track to solve problem ideas
at low degrees of fuzziness.
4.3.3 Front-end outcomes
These different pathways to applying front-end capabilities enable firms to create
corroborated product definitions. A corroborated product definition assumes that raw
and imprecise new product ideas have navigated through appropriate paths and,
therefore, have been evaluated against proper forms of analysis and criticism. The
different ideas have circulated among internal and external experts for critical
assessment and validation in order to create stable, clear, and unambiguous conditions
for decisions to be made. Consequently, a corroborated product definition is widely
accepted among key actors and, therefore, is sufficiently refined to be assessed and
potentially developed on the NPD.

5. Discussion
Recent studies on the front end of innovation stress the importance of applying
organizational methods, learning practices and openness competencies in order to
properly manage sources of fuzziness (e.g., Chang, Chen and Wey, 2007; Stevens,
2014; Thanasopon, Papadopoulos and Vidgen, 2016). This study contributes to this
discussion by examining how firms employ front-end capabilities to effectively manage
multiple sources of fuzziness. Using a multiple case study of seven firms, our results
demonstrate the value of a fuzziness assessment and two pathways (reduction- and
tolerance-based) to guide project members in solution searching. The results show that
the matching between the degrees of fuzziness and specific pathways is critical to the
development of corroborated product definitions.
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5.1 Theoretical implications
The present study makes three contributions to front-end literature. First, it augments
the literature by responding to the call to understand the circumstances that make for
successful product-idea development (Eling and Herstatt, 2017, p. 870). Key to such
understanding is the level of fuzziness in the front end. Prior literature has explored
critical aspects in the management of sources of fuzziness during the front end of
innovation, but its focus has often been quite narrow. In particular, the majority of prior
studies have been restricted to a one-to-one approach where the focus is on identifying
ways of managing a specific source of fuzziness. In practice, the development of new
product ideas is a challenging task that often involves reasoning about and managing
multiple problems, depending on the magnitude of fuzziness. The present study
counterbalances prior studies with a more practically grounded capabilitiy-based
approach by demonstrating that sources of fuzziness are not best managed by a one-toone approach, but rather consideration should be given to the overall difficulty in
searching for a solution, and specific methods, practices and routines need to be put in
place from the outset. Specifically, our results show how firms can adopt a fuzziness
assessment for each new product idea prior to solution searching and, consequently,
match the magnitude of the knowledge problems to the organizational capabilities so
that robust product definitions are assured.
Second, although previous studies highlight important characteristics in each
source of fuzziness, they fail to offer an integrated view on how to select preferred
pathways for developing novel product ideas. Our theoretical framework explains how
firms can use two distinct paths to navigate new product ideas towards corroborated
product definitions. Our findings support the importance of having a ‘fast-track’ route
devoted to ideas at low degrees of fuzziness. We found that new product ideas at low
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degrees of fuzziness require tolerance-based pathways based on idea-refinement
capability and process-management capability. Consequently, the management of
sources of fuzziness is no longer restricted to fuzziness reduction but, for certain new
product ideas, leveraging capabilities for tolerating fuzziness is the better approach. In
this case, our findings contrast with those of Schweitzer, Palmié and Gassmann (2016)
and Spieth and Joachim (2017), who applied a broad and indiscriminate brush to reduce
sources of fuzziness, irrespective of the varing magnitudes of fuzziness. Instead, in line
with Eling and Herstatt (2017), we elucidate the particular circumstances and
conditions that allow project member teams to develop new product ideas more
successfully. In sum, what emerges is that capabilities-enabling fuzziness tolerance is
of paramount importance in considering new product idea developments. In addition,
we provide a novel perspective on fuzziness-reduction capabilities, focusing
specifically on higher levels of fuzziness.
Third, our findings suggest that new product ideas are fundamentally different,
one from the other, which means in essence that appropriate capability sets to evaluate,
understand and develop each idea are of vital importance. In the case of a mismatch
between types of new product ideas and capability sets, firms might adopt inappropriate
practices to examine and test new concepts, impeding the development of robust
product definitions. This helps to advance knowledge on ideas management by
switching from the well-worn question of “how to increase the number of ideas” to
“how to properly examine ideas”. Consequently, these findings assist firms in avoiding
underload or overload of organizational capabilities by balancing a firm’s internal
information-processing load with appropriate practices. In sum, the findings extend the
knowledge management literature (Baer et al., 2013, Felin and Zenger, 2014) on frontend challenges, helping firms to create corroborated product definitions efficiently.
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5.2 Managerial implication
The present study carries implications for R&D managers and senior managers active
in the front-end processes of manufacturing firms. Managers are encouraged to instill
practices for assessing the fuzziness of ideas in the front end. This assessment process
is particularly important since ideas at different levels of fuzziness require different
approaches. Thus, adopting fuzziness-assessment practices prior to solution searching
allows firms to match the magnitude of knowledge problems with specific
organizational capabilities in order to achieve robust product definitions. Building on
this, our findings support the importance of a contingency approach concerned with
how to manage front-end ideas. For low levels of fuzziness, managers are encouraged
to adopt a ‘fast-track’ tolerance-based route devoted to leveraging both idea-refinement
capability and process-management capability. Consequently, the management of
sources of fuzziness is no longer restricted to fuzziness reduction but, for certain new
product ideas, leveraging capabilities for tolerating fuzziness is the better approach. On
the other hand, our results clearly show the importance of developing reduction-based
capabilities for ideas with high levels of fuzziness. Managers should, therefore, deploy
problem-formulation and problem-solution capabilities to clarify and reduce sources of
fuzziness for the purpose of arriving at corroborated product definitions.
Finally, our results carry implications for the development of front-end
capabilities. The front end is not without its obstacles. The companies we studied all
faced a challenging path in transforming promising but fuzzy ideas into corroborated
product definitions. Their development of key capabilities – in problem formulation,
problem solution, idea refinement and process management – has been integral to their
success. Companies seeking to improve their innovation front end should find ways to
develop these key capabilities in their own organizations.
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5.3 Limitations and outlook
A limitation of this study is that, although they are based on a large number of
interviews at eight firms, the empirical results are drawn solely from manufacturing
firms. Managers operating outside the sample studied should, therefore, draw their own
inferences by analogy. To fully capture the problems and opportunities of managing
fuzziness at the front end, future research is encouraged to adopt real-time project-level
studies through which increased richness is amassed by following each idea over the
length of its development. Furthermore, quantitative studies or mixed-method studies
combining qualitative and quantitative data in the context of specific idea projects
would appear to be a fruitful avenue for further research.
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Managing collaborative ideation: The role of formal and
informal appropriability mechanisms
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ABSTRACT - Collaborative ideation is a key practice for innovation.
Implementing suitable appropriability mechanisms during this collaborative
ideation is a necessary yet difficult task. This difficulty owes to a high level of
uncertainty and low level of codification because partners work on loosely defined
concepts that may change during the collaboration. Firms can employ several
appropriability mechanisms to protect their knowledge. Examples include patents,
copyright, legal agreements, document management, lead time, secrecy and
complexity. However, the best time to apply each mechanism remains unclear, and
few empirical studies have explored this issue. This study is based on exploratory
case studies of three manufacturing firms. The goal is to identify which
appropriability mechanisms are pertinent at each phase of collaborative ideation
and how they influence the effectiveness of protection. The results of the analysis
lead to the development of a model describing the managerial practices that
influence the effectiveness of protection. The results also lead to a set of research
propositions to define when each appropriability mechanism is most likely to be
used. Overall, this research contributes to the discussion of how to integrate formal
and informal appropriability mechanisms for safe collaborative ideation. The
paper concludes by discussing theoretical and managerial implications as well as
directions for future research.

Keywords: open innovation; collaborative
appropriability mechanisms; intellectual property
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1. Introduction
Ideation is the starting point of any innovative endeavour (Björk et al. 2010). Consisting of a
subset of front end of innovation activities, ideation refers to methods and practices that
facilitate group processes to derive insights from ethnographic data. In recent years, studies
have proposed collaborative practices to improve ideation activities (Gatzweiler et al. 2017;
Salter et al. 2015). In this study, the combination of collaborative practices and ideation
enterprises is termed collaborative ideation. Examples of collaborative ideation include
collective design thinking (Liedtka 2015), collaborative prototypes (Bogers and Horst 2014),
group debates with external actors (Stam et al. 2013) and focus groups with customers (Schirr
2012). The logic of collaborative ideation suggests that external interactions help firms with
new inputs to disentangle problems and symptoms and envision reliable solutions.
Despite its importance, however, collaborative ideation often fails to meet expectations
(Stam et al. 2013). A key reason is that collaborative ideation requires a safe exchange of
knowledge amongst interorganizational partners to share and combine ideas (Luoma et al. 2010;
Manzini et al. 2012). This exchange of knowledge, however, is characterized by tension
between knowledge sharing and knowledge protection. This is the so-called paradox of
openness (Arora et al. 2016; Laursen and Salter 2014). To alleviate this tension, firms must
align their internal practices to the external environmental and configure their procedures to
enable the safe exchange of knowledge with external partners. The procedures that ensure the
safe exchange of knowledge are called appropriability mechanisms (Zobel et al. 2017).
The literature on appropriability mechanisms generally cites two types of procedures:
formal and informal. Formal appropriability mechanisms are protected by law. They include
patents, copyrights, legal agreements and document management (Manzini and Lazzarotti
2016). Informal appropriability mechanisms include secrecy, lead time and complexity (Zobel
et al. 2017). Cohen et al. (2000) empirically showed that both formal and informal
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appropriability mechanisms help protect collaborative endeavours. However, ensuring
protection is difficult and seldom satisfactory in collaborative ideation (Manzini and Lazzarotti
2016). This difficulty stems from a high level of uncertainty coupled with a low level of
codification because partners work on concepts that are still undefined and that may change
significantly from phase to phase. Consequently, formal mechanisms, especially patents, are
seldom applicable (Bogers 2011). The imprecise nature of ideation prevents companies from
applying well-defined mechanisms.
Recent studies of collaborative ideation have investigated the use of appropriability
mechanisms. Stefan and Bengtsson (2017) showed that efficiency in collaborative ideation is
positively linked to the use of contracts but negatively linked to the use of patents. Similarly,
Manzini and Larrazzotti (2016) reported a high rate of contracts and employee agreements
during the ideation phase. Together, these studies indicate that firms should choose from
different types of formal appropriability mechanisms but fail to provide empirical insights into
informal appropriability mechanisms. Although both types of appropriability mechanisms are
important, the literature provides scarce insight into the use of informal mechanisms such as
secrecy. Exceptions include Sofka et al. (2018). This gap in research on the use of informal
appropriability mechanisms is consistent with Manzini and Lazzarotti’s (2016) call for an
integrated model that combines formal and informal mechanisms to provide a blueprint for
effective protection. To fill this gap, this study builds on prior research that has investigated
ways of improving the effectiveness of protection. The effectiveness of protection is described
in the literature as a deliberate effort to use formal and informal appropriability mechanisms to
create an environment for safe collaboration (Arundel 2001).
Crucially, the literature on ideation underestimates the importance of timing in the use of
appropriability mechanisms (Spieth and Joachim 2017). Appropriability mechanisms may be
applied at different times during collaborative ideation as the project moves into subsequent
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development phases. Collaborative ideation has several phases, and each phase has different
goals, needs and requirements (Bican et al. 2017). Therefore, interactions with mechanisms
may change from phase to phase. Yet most studies have adopted a static view of appropriability
practices (Vanhaverbeke et al. 2014). Appropriability mechanisms are thus considered to have
the same influence on collaborative ideation, regardless of the development phase. This study
explores when appropriability mechanisms should be applied to improve the chances of
effective protection.
Against this backdrop, this study investigates the following research questions: Which
appropriability mechanisms are pertinent during different collaborative ideation phases
(preparation, operation and termination)? How do these mechanisms influence the
effectiveness of protection? To address these questions, I conducted 17 in-depth, exploratory
interviews in Brazil at three multinational firms that have well-structured practices for safe
interactions with external partners. The findings illustrate how these firms use specific
appropriability mechanisms to improve the effectiveness of protection during collaborative
ideation. Specifically, firms employ specific appropriability mechanisms at each phase of
collaborative ideation. Notably, appropriability mechanisms influence the effect of protection
to discourage misappropriation of information, minimize the risks of (un)intentional knowledge
spillover, provide evidence of co-ownership, avoid further disputes and discourage patent trolls
from imitation. In this article, I describe the mechanisms that should be applied during the
preparation, operation and termination phases to maximize the effectiveness of protection.
This study makes three contributions. First, it advances the collaborative ideation
literature by responding to calls to investigate how firms can integrate formal and informal
appropriability mechanisms to maximize the effectiveness of protection (Manzini and
Lazzarotti 2016, p. 590). I show that firms apply different appropriability mechanisms at each
phase to improve the safety of exchanging and sharing knowledge amongst partners. Therefore,
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appropriability mechanisms are complementary rather than substitutable when properly used at
specific phases of collaborative ideation. Second, the study advances prior research on the role
of informal appropriability mechanisms in collaborative ideation. The results suggest that the
informal appropriability mechanism of secrecy can improve the effectiveness of protection. It
does so by minimizing knowledge leakage when project members change firms and providing
additional time to develop new intellectual property (IP). Firms adopt intrafirm secrecy for
internal project members and interfirm secrecy for partners involved in collaborative ideation.
Finally, this study contributes to the ideation literature by filling the research gap identified by
Spieth and Joachim (2017), who suggest that the ideation literature underestimates the use of
appropriability mechanisms and call for further research in this area.

2. Theoretical background
To understand which appropriability mechanisms are pertinent at each phase of collaborative
ideation, I based this study on two streams of literature. The literature on collaborative ideation
provides conceptual insight into the characteristics and benefits of collaborative ideation and
the phases that firms expect when they collaborate. The appropriability mechanism literature
complements the ideation literature by illustrating the use of different mechanisms to improve
the effectiveness of protection.
2.1 Collaborative ideation
In the front end of innovation literature, collaborative ideation is conceptualized as a joint
project amongst different partners to generate ideas (Magnusson 2009). Liedtka (2015)
describes collaborative ideation as a participatory sense-making method such as mind mapping
that facilitates team-based processes to solve problems and create a shared mind amongst
partners. These arguments are supported by the notion that collaborative ideation frequently
uses participatory concept development techniques (i.e. collaborative prototyping, mind
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mapping, and causal analysis) to help address problems. Bogers and Horst (2014), conducted
an inductive study to investigate how collaborative activities across functional, hierarchical,
and organizational boundaries can improve the overall collaborative process. The findings
suggest that collaborative activities are used as a critical success factor, thereby serving as a
platform for the cross-fertilization of knowledge in the early stages of new product development
(Florén et al. 2017).
To successfully involve different partners in the generation of ideas, collaborative
ideation can be divided into three phases (Bican et al. 2017). These phases, which occur before
formal new product development takes place, are preparation, operation and termination. The
first phase, preparation, takes place before the actual collaborative ideation occurs. During the
preparation phase, firms evaluate potential partners before joining a collaborative enterprise.
The preparation phase defines the direct and indirect benefits of the partnership, the
coordination costs, the uncertainty of partnering, the content and structural compatibility, and
the shared technological trajectories (Alexy et al. 2013). By the end of the preparation phase,
firms are expected to fully involve partners in problems and solutions. The second phase is
operation or implementation. The operation phase is often divided into two steps: problem
clarification and solution development (Frishammar et al. 2016). Problem clarification consists
of the participatory identification of symptoms, the categorization of problems and subproblems and the formulation of a meaningful problem. Solution development involves the
joint creation and refinement of solutions. The primary output of the operation phase is a list of
potential solutions or technologies. The last phase is termination, which marks the end of the
collaborative project. At this time, firms define how to reap the rewards of collaborative
ideation by advancing the novel solutions that have arisen, orienting the new product or
technology towards a new product development process, or commercializing the product by
out-licencing. Advancing a novel solution entails investing new resources to explore the
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solution’s limitations, applicability and restrictions. Commercial activities, in contrast, include
commercializing the solution through joint ventures, out-licencing or franchising.

2.2 Appropriability mechanisms
Collaborative ideation entails transparency and the alignment of product strategies with both
internal and external actors (West et al. 2014). Through openness, more strategic information
becomes available, and more people are able to engage in conversations about product and
technology strategy (Whittington et al. 2011). Managers make their firm open by engaging with
a broad set of partners, but they must also prevent their firm’s knowledge from being copied by
competitors (Hoffmann et al. 2014; Laursen and Salter 2014). Under this apparent paradox,
openness may require greater attention than protection (Arora et al. 2016).
The paradox of openness is that greater transparency has advantages but also substantial
risks (Hautz et al. 2017; Laursen and Salter 2014). On the one hand, greater transparency
increases legitimacy, enhances communication amongst partners (Whittington et al. 2011),
stimulates knowledge fertilization (Bogers and Horst 2014) and facilitates tacit and complex
knowledge exchange (Alexy et al. 2013). On the other hand, transparency can undermine a
firm’s competitiveness to the extent that competitors can access sensitive information for future
developments (Appleyard and Chesbrough 2017), customers can obtain a source of information
for commercial bargaining (Somaya 2012), and suppliers can engage in opportunistic
behaviours (Laursen and Salter 2014). To understand how to reduce the risks of collaborative
activities, numerous scholars have investigated the role of appropriability mechanisms in the
innovation process (Hoffmann et al. 2014, Zobel et al. 2017). Research by Levin et al. (1987),
which was developed by Manzini and Lazzaroti (2016) for collaborative ideation, proposes two
types of appropriability mechanisms to protect innovative activities (see Table 1).
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Appropriability mechanism

Definition

Key reference(s)

Patent

A patent is an exclusive right granted for a discovery or
invention and protected by law. The discovery or invention can
be a product or process that provides a new way of solving a
technical problem. It can be owned by a single assignee (patent)
or shared amongst multiple assignees (co-patent).

Belderbos et al. (2014); Ernst
and Fischer (2014)

Copyright

Copyright describes rights given to creators of literary or
artistic works or software.

de Laat (2005)

Industrial design

An industrial design (or design) is the ornamental aspect of an
article or product produced by industry.

Manzini and Lazzaroti (2016)

Legal agreement

Legal agreements are legally binding contracts establishing the
circumstances under which one party (the disclosing party)
discloses information in confidence to another party (the
receiving party). It includes non-disclosure agreements (NDAs),
employee-employer agreements, confidentiality agreements and
memoranda of understanding (MoUs).

Hagedoorn and Zobel (2015);
Olander et al. (2014)

Document
management

Document management refers to all documents shared with the
partners during the collaborative activity. The documents are
explicitly defined as ‘confidential’ or ‘secret’, and ‘nondisclosure’ is always specified.

Manzini and Lazzaroti (2016)

Lead time

Lead time refers to the firm’s ability to be first to market and,
consequently, get ahead of rivals.

James et al. (2013)

Secrecy

Secrecy refers to any confidential information that provides a
firm with competitive advantage that may be considered a trade
secret. It also refers to the voluntary action of preventing the
circulation of new ideas and thereby slowing down knowledge
spillovers.

Hall et al. (2014); Softka et al.
(2018)

Complexity (or
tacitness)

Complexity prevents competitors from engaging in reverse
engineering or invent-around strategies. It relates to difficulties
for customers to switch providers or core knowledge embedded
in routines.

Hall et al. (2014); Olander et
al. (2014)

Formal

Informal

Table 1. Formal and informal appropriability mechanisms adopted in collaborative ideation

Formal appropriability mechanisms are enshrined in law and are based on IP and
contracts. They give firms time-limited rights to exploit their discoveries, designs and
inventions (Zobel et al. 2017). These formal appropriability mechanisms create incentives for
firms to invest in R&D to make discoveries that will later be protected by law. Examples of
formal appropriability mechanisms include legal and contractual mechanisms such as patents,
copyright, legal agreements and document management (Manzini and Lazzarotti 2016). Formal
appropriability mechanisms grant firms legal rights or contracts that can be used in cases of
litigation or infringement (James et al. 2013). Informal appropriability mechanisms include
practices such as secrecy, lead time and complexity (Neuhäusler 2012). Lead time and
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complexity are based on confidential, typically tacit knowledge that allows firms to benefit
from complex new products or processes that are difficult for other firms to imitate in a short
period.
The use of appropriability mechanisms has been investigated only superficially. Several
scholars have noted this knowledge gap. For example, Luoma et al. (2010) indicate that
appropriability mechanisms in collaborative ideation are difficult to apply and are occasionally
unsatisfactory. This difficulty arises because terms and concepts at the early stage of the
innovation process are underdeveloped, hindering codification through formal agreements.
Manzini and Lazzarotti (2016) showed how a synthetic framework can help firms protect ideas,
technology and know-how in collaborations that span the entire product development process.
In reference to the ideation literature, Spieth and Joachim (2017, p. 117) affirm that ‘the themes
patent and IPs strategies and continuity of values and artefacts are currently underestimated’.
They call for additional research on the use of appropriability mechanisms during collaborative
ideation. Therefore, although the literature provides guidance on how firms can protect
themselves during collaborative activities, it lacks discussions of the early stage of the
innovation process. New studies are needed to fill this gap.
In summary, the recent literature on collaborative ideation has examined the use of formal
and informal appropriability mechanisms (Manzini and Lazzarotti 2016; Stefan and Bengtsson
2017) by describing the characteristics and benefits of each mechanism. However, although
such overarching guidelines provide valuable insights, the literature lacks detailed analysis of
how to combine formal and informal appropriability mechanisms for safe collaborations. The
literature advises firms to choose amongst different formal appropriability mechanisms but fails
to provide empirical insights into informal appropriability mechanisms such as secrecy.
Furthermore, the literature on ideation has largely overlooked when these appropriability
mechanisms are used (Spieth and Joachim 2017). Appropriability mechanisms may be applied
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at different times during collaborative ideation as the project evolves through the phases of
development (Bican et al. 2017). However, most studies adopt a static view of the use of
appropriability practices. Therefore, supplementary research is needed to provide an integrated
view of appropriability mechanisms in collaborative ideation and useful insights into when to
use these mechanisms.

3. Methods and data
I used a case study approach to ensure methodological fit (Edmondson and McManus 2007).
Case studies enable the analysis of multifaceted phenomena, in this case providing insight into
how firms use different appropriability mechanisms (Eisenhardt and Graebner 2007). The case
study method was suitable for three reasons. First, the use of appropriability mechanisms in
collaborative ideation is a complex phenomenon that involves numerous relationships amongst
different partners (Luoma et al. 2010; Paasi et al. 2010). Case studies therefore offer a valuable
method for understanding how firms use formal and informal appropriability mechanisms.
Second, a case study enables in-depth discussion of the influence of appropriability mechanisms
on the effectiveness of protection (Manzini and Lazzarotti 2016). Third, the scarcity of prior
research on the use of appropriability mechanisms during collaborative ideations (Spieth and
Joachim 2017) means that themes and patterns must be identified rather than confirmed
(Edmondson and McManus 2007).

3.1 Methodological approach
This study seeks to explain how firms use different formal and informal appropriability
mechanisms during different phases of collaborative ideation. To explore these formal and
informal mechanisms, I used a thematic analysis approach (Fereday and Muir-Cochrane 2006).
This approach combines data-driven and theory-driven approaches based on the concepts that
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have been developed in the literature. A thematic analysis approach allows researchers to
capture emergent themes and aspects whilst conducting the study. This approach also enables
interaction between the empirical world, framework, case and theory. Overall, a thematic
analysis design is useful for revealing how firms protect themselves during collaborative
ideation. Taking prior studies on appropriability mechanisms as a reference, I prepared and
conducted semi-structured interviews.

3.2 Samples
The selected cases were chosen because all firms had adopted extensive training programs and
dedicated internal polices to cooperate with partners. These practices involved institutional
norms (i.e. codes of conduct) and employee training for safe disclosure, thereby enhancing the
insights into collaborative ideation. Specifically, I conducted a multiple case study by
examining the R&D units of three multinational manufacturing firms in Brazil. I chose these
three manufacturing firms because of their reputation for being intensively engaged in
collaborative agreements with different types of partners during ideation (see Table 2).
Industrial classification

Firm A
Electric motors, generators
and transformers
USD 10 billion

Annual turnover
Estimated ratio of
collaborative ideation over
60%
the last five years*
Number of interviews
8
*Estimated value based on respondents’ observations

Firm B
Machinery and equipment

Firm C
Machinery for metallurgy

USD 5 billion

USD 4 billion

60%

40%

4

3

Table 2. Description of studied firms

Data collection took place in 2017. Seventeen interviews were conducted across the three
multinational manufacturing firms (see Table 3). Respondents were senior executives, mid
level managers, technical specialists, project managers and engineers employed in R&D, Sales
and Procurement. All had substantial experience in ideation projects with external partners. By
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conducting interviews across several hierarchical levels, I ensured that the interviews
represented organization-wide perceptions. Doing so mitigated potential position bias. The
duration of the interviews ranged from 25 to 45 minutes. All conversations were recorded and
transcribed. The interview guide is shown in the Appendix.

A1
A2
A3
A4
A5
A6
A7
A8
B1
B2
B3
B4
B5
C1
C2
C3
C4

Title

Academic background

Senior Manager
R&D Leader
New Business Manager
Senior Manager
Project Manager
Project Engineer
Researcher
Technical support
Project Manager
Project Manager
Director of Sales
Sales Manager
R&D Director
Sales Manager
Procurement
R&D Manager
Procurement Leader

MBA – Strategic Management
MSc in Electric Engineer
MBA – Financial analysis
MSc in Product Development
MBA – Project Management
MSc in Electric Engineer
Electrical Engineer
Mechanical Engineer
Mechanical Engineer
Electrical Engineer
MBA – Project Management
MSc in Production Engineering
MSc in Mechanic Engineering
MBA – Project Management
Business Administration
Electrical Engineer
Electrical Engineer

Years
employed
17
17
6
15
21
13
30
13
8
15
20
25
30
18
20
15
20

Industrial classification
Electric motors, generators and transformers
Electric motors, generators and transformers
Electric motors, generators and transformers
Electric motors, generators and transformers
Electric motors, generators and transformers
Electric motors, generators and transformers
Electric motors, generators and transformers
Electric motors, generators and transformers
Machinery and equipment
Machinery and equipment
Machinery and equipment
Machinery and equipment
Machinery and equipment
Machinery for metallurgy
Machinery for metallurgy
Machinery for metallurgy
Machinery for metallurgy

Duration
(mins)
45
40
40
30
30
35
20
15
35
45
20
30
25
35
35
25
30

Table 3. Descriptive data on respondents

3.3 Data analysis
The data analysis was guided by the theory. The concepts of formal and informal
appropriability mechanisms were used as sensitizing concepts (Bowen 2006). Sensitizing
concepts are useful for steering the researcher’s attention towards what might be pertinent so
that the researcher can collect data that addresses the research questions of the study. To
facilitate the data analysis, I compiled the case study databases using secondary data
(sustainability reports, internal code of conduct and ethics policy), field notes and interviews to
provide an overview of the cases. All primary and secondary data were analysed using
MAXQDA Analytics Pro software (Version 12). A thematic analysis of the interviews was
conducted to identify common codes, categories and themes in the data (Fereday and Muir
Cochrane 2006). The data analysis process followed the six stages suggested by Fereday and
MuirCochrane (2006). In the first stage, I performed an indepth analysis of individual
transcripts to identify interesting terms for further coding. The coding terms were then defined,
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described and arranged on a coding tree for overall interpretation. In the second stage, I invited
two legal consultants who specialize in university research agreements and two academic
colleagues to evaluate and criticize the findings. The coding tree was then adjusted based on
their feedback. In stage three, I summarized the data and identified preliminary categories. This
stage entailed reading, listening to and summarizing the raw data. The transcriptions were
summarized separately by outlining the key points indicated by participants. Secondary data
were used to check the consistency of the findings. In the fourth stage, I applied a coding
template and complemented the tree with additional codes from interviews, secondary data and
field notes. The literature on appropriability mechanisms was annexed to support the empirical
findings and help develop self-explanatory terms. Thus, a mixed coding process (inductive and
deductive) took place. I applied the codes from the codebook to the text to identify meaningful
units of text. In the fifth stage, I connected the codes and identified the principal themes. This
stage involved a comprehensive analysis of patterns in data and categories for the discovery of
potential themes. In this stage, I closely scrutinized the coding tree to ensure that the clustered
themes were representative of the initial data analysis and assigned codes. Finally, to get
feedback, I shared this manuscript with a colleague who specialized in IP rights during the
innovation process. The interactions between text, codes, categories and themes in this study
involved several iterations between theory and data before the analysis reached an interpretive
phase. Accordingly, this analysis was a continuous, iterative process that demanded repeated
reading of the secondary data, field notes and interviews, as well as reference to the theoretical
framework, as suggested by Galunic and Eisenhardt (2001) (see Figure 1).
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Fig. 1 Data Structure

4. Results
The data analysis identified three principal themes for safe collaborative ideation: (1)
preparation (indicating the implementation of legal agreements); (2) operation (including
intrafirm secrecy and document management); and (3) termination (including co-patent
submission and interfirm secrecy). This evidence led me to define a high-level model of
pertinent appropriability mechanisms at different phases of collaborative developments. This
model is depicted in Figure 2. The next three sub-sections present the findings of the analysis
separately for each of these three themes. Quotations from the interviews are provided to
support these findings.
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Fig. 2 Proposed framework

4.1 Preparation phase
I begin by discussing the first of the identified themes. During collaborative ideation, the
preparation phase is an important period for enhancing the effectiveness of protection. The
preparation phase is when firms carefully predefine R&D objectives and approaches for
appropriability mechanisms prior to the collaborative ideation project. At this point, firms
decide whether the nature of the specific project allows, requires or hinders engagement in
collaborative activities and which appropriability mechanism should be used. When planning
the preparation phase, firms maximize the effectiveness of protection by evaluating the
prerequisites for safe collaborative ideation. This phase is consistent with Conley et al.’s (2013)
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perspective, according to which appropriability mechanisms must be considered even before
the design and implementation of collaborative projects.
During the data analysis, the legal agreement emerged in relation to the preparation
phase. Respondents indicated that having mutual legal agreement is conducive to effective
protection. Respondents described this action as establishing mutually binding contracts to
define the conditions under which one party confidentially discloses information to another
party. Respondents repeatedly pointed out that legal agreements avoid the misappropriation of
information. As firm A’s Senior Manager (Respondent A4) explained:
Before starting a collaborative ideation, we always discuss and implement NDAs with
our partners. This document is really important to define the boundaries of the
collaborative ideation regarding safety. It helps our firm to avoid dishonest
appropriation of information by other partners.
However, respondents stressed that drawing up legal agreements between different
partners requires time to identify relevant information for the contract. Respondents indicated
that partners often have different views about what information is pertinent and how to include
this information when concepts are still unclear. This concern is consistent with Luoma et al.’s
(2010) conclusions, which underline the difficulty in drawing up contracts based on vague
concepts to avoid ambiguities and actually ensure protection. Respondents indicated the need
to start the conversation amongst interfirm legal departments in advance to avoid delays in
collaborative ideation. As firm C’s Sales Manager (Respondent C1) reported:
We encourage legal departments from our partners to meet to identify and align
important information for the contract. This task force saves a lot of time.

Additionally, respondents reported that legal agreements are often stipulated through
different contract formats. Examples include non-disclosure agreements (NDAs), memoranda
of mutual understanding (MoUs) and joint development agreements (JDAs). Respondents
indicated that the format and length of the contract vary according to partners’ preferences and
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experience. However, respondents stressed the difficulty in using NDAs in the preparation
phase and added that firms typically adopt a simple generic contract that is completed as the
collaboration evolves. This finding is consistent with those reported by Manzini and Lazzarotti
(2016), who found that mutual contracts are established prior to collaborative ventures. As firm
B’s Project Manager (Respondent B1) noted:
We change the type of contract according to our customer standards. Sometimes we
adopt NDAs and sometimes JDAs. We are very flexible in that sense.

Based on this reasoning, I state the following proposition:
Proposition 1: Legal agreements in the preparation phase are likely to improve the
effectiveness of protection because they discourage misappropriation of information, clarify
relevant information and define the use of information and restrictions in use of information.

4.2 Operation phase
The operation phase is the second theme that was identified during the data analysis. The
operation phase occurs in the middle of the collaborative ideation process. During this period,
firms engage in sense-making techniques to enable partnerships by gathering insights from
problems and establishing a common mind-set amongst partners. During the operation phase,
manufacturers apply concept development techniques (i.e. design thinking) to help generate
potential opportunities in collaborative settings. The operation phase allows firms to apply
different perspectives by encouraging partners to devote their attention to relevant problems
and thereby help develop useful solutions. This phase was also identified in Hagedoorn and
Zobel’s (2015) and Bican et al.’s (2017) studies, which confirmed the importance of using
appropriability mechanisms under collaborative ideation. During this phase, uncertainties
regarding concepts tend to be lower because preliminary information has been codified.
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However, respondents still reported risks. It is therefore necessary to use appropriability
mechanisms to protect knowledge externally and internally.
Intrafirm secrecy is the second mechanism that firms use to restrict the use of information
by internal project members. Intrafirm secrecy relates to the way firms formulate their practices
whilst considering privacy for employees. The top management team implements policies and
practices that include restricting access to information related to collaborative ideation.
Respondents highlighted the use of codenames to label projects, products and related
documents as a useful practice. According to respondents, this practice enhances the
effectiveness of protection by minimizing the risks of (un)intentional knowledge spillovers to
non-project members. According to firm A’s Technical Support (Respondent A8), this practice
has been helpful in constraining project members’ access to information:
At our company, we adopt codenames to ‘tag’ projects and products related to
collaborative projects. It is an internal practice to avoid information leakage. We often
use superheroes’ names in R&D to aid memorization and boost teams’ motivation.

Additionally, respondents stressed the need to complement internal secrecy practices with
the adoption of security systems to restrict access to project files and reports. The use of security
systems moderates the risk of knowledge spillovers if project members switch firms. This
resource is consistent with Delerue and Lejeune’s (2010) argument that it is crucial to consider
appropriability mechanisms in case of job mobility. As firm B’s R&D Director (Respondent
B5) noted:
We have recently implemented a security system to restrict the access of project files.
Before, everyone could see and take-home project files and reports, but now it is
different.

The last identified code relates to controlling and limiting the entry of non-related project
members to dedicated facilities (i.e. laboratories and tests chambers). Respondents pointed out
the use of electronic controls on badges to restrict access to specific places and resources.
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According to respondents, the adoption of control reduces the likelihood of intentional
knowledge spillovers through photos, prototypes, products and so forth. A Project Manager
(Respondent A5) at firm A explained this action as follows:
We control the access of all important facilities and offices through electronic badge
control. The decision regarding who can enter is given by the R&D vice president.

Altogether, the use of dedicated routines and exclusive resources enhances the
effectiveness of protection. The analysis shows that this mechanism affects how information is
accessed by internal project members. Therefore, I state the following proposition:

Proposition 2: Interfirm secrecy during the operation phase is more likely to improve the
effectiveness of protection because it minimizes the risk of (un)intentional knowledge spillover
and reduces the likelihood of knowledge leakage if project members switch firms.

The interviews also shed light on the use of document management techniques to improve
the effectiveness of protection. Document management concerns tangible activities to restrict
the use of documents by collaborative project members. Firms implement several initiatives to
manage collaborative ideation documents. The first is to explicitly designate as secret all
sensitive documents shared amongst project members. The secondary data analysis revealed
that ‘oral information shall be recorded in writing by the Party disclosing it within 14 calendar
days of disclosure; the resulting document shall specifically state the date of disclosure, and the
information will be designated as confidential’. Respondents stressed that this practice enables
project members to keep related documents under special conditions for access. As a Project
Engineer at firm A (Respondent A6) pointed out:
During the collaborative ideation, we explicitly define that all documents exchanged
among project members are considered as secret. Therefore, the documents cannot be
shared and should be kept in a secure place.
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The second element that arose from the primary data is the integration of IP into the
project management structure. Respondents pointed out that firms should formally consider IP
in the project management structure. Depending on the type of collaborative ideation project,
firms may want to define an advisory committee that screens and manages any new IP that
appears. As the R&D leader at firm A (Respondent A2) noted:
We have an advisory committee to help us constantly evaluate whether new IPs
emerge. This practice is officially included in the project management structure.

Finally, regarding document management techniques, firms promote the formalization of
all information through meeting minutes. Respondents stressed that collaborative ideation often
evolves into dynamic practices and interaction amongst different partners. New information
flows from one group to another to solve specific problems. Accordingly, project members are
instructed to formalize the main outcomes of each section via meeting minutes. Meeting
minutes provide a binding document to prove potential joint ownership and thereby improve
the effectiveness of protection. As firm C’s R&D manager (Respondent C3) noted:
We often formalize all joint discussions through meeting minutes. This practice helps
us keep and share all information and, if necessary, proves co-ownership of new IP.

Based on this information from the interviews, I state the following proposition:

Proposition 3: Document management techniques in the operation phase are likely to
improve the effectiveness of protection because they prove co-ownership and ensure that new
IPs remain within the project.
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4.3 Termination phase
Finally, I discuss the results regarding the last identified theme. The termination phase is the
final phase, and it has a strong influence on improving the effectiveness of protection. This
period starts when the collaborative ideation ends and partners need to define what to do with
jointly developed ideas and solutions. The termination phase is a period for reaping the rewards
of collaborative ideation by using the outcomes in further research or commercial activities.
This phase is consistent with the findings of Granstrand and Hogersson’s (2014) study, which
confirmed the importance of properly terminating collaborative enterprises. Two categories
emerged from the primary data: co-patent application and interfirm secrecy.
Co-patent application refers to an initial request at a patent office for the grant of a patent
for an invention claimed by interfirm owners of IP. Respondents cited three primary motives
for a co-patent application. First, by co-patenting an invention, partners can safely disclose their
knowledge and share the ownership of knowledge that has been generated jointly (i.e. outlicencing, joint venture or spin-off). This finding is consistent with Belderbos et al.’s (2014)
findings because co-ownership of patents represents an important strategy in collaborative
actions between firms and universities. This finding also complements Borges’s (2011) study
by illustrating that firms adopt co-patent applications at the end of collaborative projects.
Respondents mentioned that, in some cases, they apply for a co-patent that is not yet accurately
defined but sufficient to form a basis for discussions with the partner and defend the novelty
after the collaborative ideation process. As firm C’s Procurement Leader (Respondent C4)
reported:
We normally agree that co-developing knowledge (…) IP holds promise for us,
perhaps in collaboration with our partner, to build a new business (…). We often apply
for a co-patent that is not fully definite but good enough to defend the co-ownership.

These findings are consistent with those reported in the literature. In fact, the role of outlicencing has recently been studied with respect to determinants, outcomes and causal
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connections (Symeonidou et al. 2017). The results somewhat support this finding by reflecting
firms’ decisions to licence out technology to other companies.
Second, a co-patent can be used as a legal instrument to prove co-ownership and avoid
further disputes. Respondents stressed that a co-patent is the most effective tool to prove joint
ownership. In particular, respondents explained that co-patents legally attest co-ownership and
therefore reduce future disputes. In turn, respondents pointed out that co-patents cannot be used
when the IP is not well defined because they require precise technical descriptions and
drawings. Firm A’s Senior Manager (Respondent A1) referred to this fact as follows:
Co-patenting is by far the best way to prove co-ownership. When we cooperate with
universities and start-ups, they are often afraid that we will steal joint ideas. We
circumvent this concern by ensuring that all new IPs will turn in co-patents.

Third, a co-patent signals trust, which encourages future disclosure of knowledge
amongst partners. Respondents stressed that co-patents often contribute to increasing trust
amongst collaborative ideation, thereby enabling the disclosure of information in future
partnerships. This element is consistent with Hagedoorn’s (2003) study, which showed that
joint patents express mutual trust between firms, thereby favouring future disclosure of
knowledge. As firm B’s Sales Manager (Respondent B4) noted:
Up-front co-patent arrangements are helpful because they reinforce the mutual
commitment of both partners.

Based on this reasoning, I state the following proposition:

Proposition 4: Co-patent applications during the termination phase of collaborative
ideation are likely to improve the effectiveness of protection because they prove co-ownership,
avoid further disputes and encourage disclosure of knowledge amongst partners.
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The last category in the termination phase is interfirm secrecy. Interfirm secrecy refers to
the ability to use internal procedures to restrict the flow of information about new IP between
partners involved in the collaborative ideation. Respondents indicated that although secrets
typically involve limiting information inside the firm, in some cases, the new IP is circulated in
secret amongst partners. Therefore, partners stipulate the time and conditions to use the new IP
in their products with the commitment to keep the information private from non-related partners
(i.e. competitors). The data analysis revealed two reasons to adopt interfirm secrecy: to
discourage patent trolls from imitation and from imitation and protect against temporary
undefined strategies for sharing or protecting new IP.
The discouragement of patent trolls was echoed by several interviewees as a useful reason
to keep new IP secret between firms. Respondents reported the presence of a particular type of
organization, so-called patent trolls or sharks, which neither produce products nor supply
services. Instead, these patent trolls extract rents from alleged patent infringers through the
threat of sanctions and the significant costs of inventing new IP. This finding is consistent with
Reitzig et al.’s (2010) and Somaya’s (2012) studies, which have confirmed the unintended
damages of patent trolls for R&D manufacturers. As the New Business Manager at firm A
(Respondent A3) noted:
Patent trolls are a constant concern now. When we don’t know what to do with the
new IP, we keep it in secrecy.

In some case, respondents warned that temporary undefined strategies for sharing or
protecting new IP might exist by the end of the collaborative ideation. Respondents explained
that collaborative ideation is often conducted over short periods, which might hinder the further
development of strong patents. In this case, respondents stressed the need to keep new
collaborative IP in secret for a short period until the next steps have been defined. As firm B’s
Project Manager (Respondent B1) reported:
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Collaborative ideation is so short that we typically don’t have time to further develop
vague but good ideas. In that case, we keep this new potential IP in secrecy for a while.

Based on this reasoning, I state the following proposition:

Proposition 5: Interfirm secrecy during the termination phase of collaborative ideation is
likely to improve the effectiveness of protection because it discourages patent trolls from
imitation and provides additional time to further develop new IP.

5. Discussion
The statement that collaborative ideation is important to develop novel ideas increasingly holds
true for more and more manufacturers. However, protection during collaborative ideation is
difficult to achieve and is occasionally unsatisfactory (Luoma et al. 2010; Manzini and
Lazzarotti 2016; Paasi et al. 2010). Consequently, formal and informal appropriability
mechanisms are seldom effectively used or implemented. New knowledge in this area is
therefore required. By focusing on the identification and use of different appropriability
mechanisms during different phases of collaborative ideation, this study shows how firms
enhance their protection of IP. The findings are particularly relevant given the desire of
academics and managers to better understand the actions that are needed and the managerial
challenges that must be overcome to enhance collaborative ideation. The findings also link to
the emergent literature on design thinking, which is acknowledged as a novel collaborative
ideation method but which so far has devoted insufficient attention to the appropriability
mechanisms that contribute to safe knowledge disclosure.
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5.1 Theoretical contributions
This study makes three contributions to the literature. First, it advances the collaborative
ideation literature by responding to calls to investigate how firms can integrate formal and
informal appropriability mechanisms to achieve effective protection (Manzini and Lazzarotti
2016). One stream of literature suggests that firms combine formal and informal appropriability
mechanisms (Cohen et al. 2000; Hall et al. 2014). The complementary nature of appropriability
mechanisms has also been reported in prior studies (Hagedoorn and Ridder 2012; Manzini et
al. 2012). However, the literature on appropriability mechanisms does not explicitly show how
these mechanisms can be integrated during the early stages of the innovation process. In
particular, most prior studies have focused on just one type of mechanism, yet collaborative
ideation is a complex arrangement that regularly requires the use of multiple mechanisms.
Often, therefore, the use of a single appropriability mechanism is insufficient to protect firms’
knowledge. Although prior studies have highlighted key characteristics of each appropriability
mechanism, they have failed to offer guidance on when these mechanisms can be applied.
Therefore, this study enriches the collaborative ideation literature by describing a set of detailed
practices to streamline the involvement of different types of partners. Moreover, this study
complements prior empirical research by suggesting that distinctive types of appropriability
mechanisms are complementary rather than substitutable when used in different phases of
collaborative ideation. Therefore, when combined, appropriability mechanisms can maximize
the effectiveness of protection.
Second, the findings advance prior research on the role of informal appropriability
mechanisms for collaborative ideation activities. The collaborative ideation literature has
shown that formal appropriability mechanisms are useful but sometimes flawed instruments
(Luoma et al. 2010; Paasi et al. 2010). During collaborative ideation, partners regularly work
with unclear concepts, which hinder codification to establish contracts and formal agreements.



25


However, the results indicate that firms should consider not only formal but also informal
appropriability mechanisms. The results of this study therefore enhance our understanding of
the importance of informal appropriability mechanisms in collaborative ideation. The results
show that when manufacturing firms apply informal appropriability mechanisms, they
minimize the risks of (un)intentional knowledge spillovers to non-project members and reduce
the likelihood that patent trolls take advantage of new patents.
Third, this study contributes to the ideation literature by filling the gap cited by Spieth
and Joachim (2017). The literature underestimates the use of appropriability mechanisms
during ideation. In response, the proposed model highlights the role of appropriability
mechanisms during different phases of collaborative ideation. Exceptions include Stefan and
Bengtsson (2017), Manzini and Lazzarotti (2016), Luoma et al. (2010), and Paasi et al. (2010).
The results show that different phases of collaborative ideation require different mechanisms
to increase the effectiveness of protection. Consequently, this article adds to the ideation
literature by identifying pertinent appropriability mechanisms for different phases of
collaborative ideation.

5.2 Managerial contributions
This study also has substantial implications for managers and manufacturers. First, the results
encourage firms to review their procedures regarding the application of appropriability
mechanisms during collaborative ideation. Formal appropriability mechanisms have many
benefits, but a thorough review of IP principles based on an integrated set of practices plays a
fundamental role. If appropriability mechanisms are not reviewed, the collaborative ideation
process may become unsafe, potentially undermining its benefits. Therefore, firms that wish to
improve the ways in which they manage collaborative ideation should review their use of
appropriability mechanisms to enhance the effectiveness of protection.
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Second, the findings also illustrate how to use informal appropriability mechanisms for
intrafirm and interfirm arrangements. The findings suggest that firms have modified adopted
particular intrafirm and interfirm activities and devote more attention to secrecy mechanisms.
Intrafirm secrecy allows firms to minimize the risks of (un)intentional knowledge spillover,
whilst interfirm secrecy allows firms to further develop new IP. When combined, these two
mechanisms increase the likelihood of effective protection. Therefore, managers are
encouraged to revise their internal secrecy initiatives for each type of project member (i.e.
internal and external).

6. Limitations
Although the empirical findings are based on numerous interviews with employees at three
manufacturers, data were gathered solely from manufacturing firms in one country. Managers
whose firms lie outside the sample context should therefore draw their own inferences by
analogy. Moreover, the method employed in this study was exploratory rather than explanatory.
Therefore, the observations of the behaviour of firms and respondents describe rather than
explain. To fully capture the problems and opportunities of collaborating in this setting, further
research is needed to conduct interviews with different partners. Quantitative studies or mixed
methods could be used to study the ineffectiveness or negative influence of appropriability
mechanisms in collaborative ideation.
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APPENDIX
Interview guide for the semi-structured interviews
Background questions
Background:
Years of experience:
Major task responsibilities:
Experience with collaborative ideation to create new products:
Interview questions
I invite you to think about experiences and key events whilst you answer the following
questions:
Group A – Collaborative ideation
1. Can you briefly describe previous collaborative ideation projects conducted with partners
(e.g. customers or suppliers)?
2. Can you describe the ideation activities involved in this project?
3. How was collaborative ideation planned, executed and coordinated in this project?
Group B – General questions about appropriability mechanisms
4. Did you (and/or your firm) apply any type of appropriability mechanism? If so, please
explain how these appropriability mechanisms were used:
5. How does your firm execute appropriability mechanisms to cooperate with partners in
terms of institutional norms, habits or rules?
6. To what extent do appropriability mechanisms inhibit or enable collaborative ideation?
7. Do you perceive any preconditions to streamlining collaborative ideation based on
appropriability mechanisms?
8. Are there any unintended consequences of using appropriability mechanisms?
Group C – Formal appropriability mechanisms
9. How do formal appropriability mechanisms influence idea generation activities?
10. Are there any unintended consequences of using formal appropriability mechanisms for
ideation? If so, please elaborate:
Group D – Informal appropriability mechanisms
11. How do informal appropriability mechanisms influence idea generation activities?
12. Are there any unintended consequences of using informal appropriability mechanisms?
If so, please elaborate:
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IDEA GENERATION AND OPEN INNOVATION IN SMES: WHEN
DO MARKET-BASED PARTNERSHIPS PAY OFF MOST?
ABSTRACT
Small- and medium-sized enterprises (SMEs) largely depend on proficient idea generation
activities to improve their front-end innovation performance, yet the liabilities of newness and
smallness often hamper SMEs’ ability to benefit from systematic idea generation. To compensate
for these liabilities, many SMEs adopt an open innovation approach by collaborating with marketbased partners such as customers and suppliers. This study investigates the relationship between
SMEs’ systematic idea generation and front-end performance and investigates the moderating
role of market-based partnership for SMEs. Drawing on a survey of 146 Swedish manufacturing
SMEs, this study provides two key contributions. First, the systematic idea generation and frontend performance relationship in SMEs is non-linear. Accordingly, higher levels of front-end
performance are achieved when idea generation activities are highly systematic. Second, the
returns from higher levels of systematic idea generation are positively moderated by market-based
partnerships. Thus, external cooperation with customers and suppliers pays off most toward frontend performance when SMEs have highly systematic idea generation processes. These results
indicate a contingency perspective on the role of external partnerships. They also have
implications for research into the front-end of innovation and open innovation in the context of
SMEs.

Keywords: open innovation, front-end of innovation, idea generation, organizational routines,
market-based partnership
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Introduction
The open innovation literature underscores the positive effect of involving customers and
suppliers in idea generation. Scholars agree that inputs from customers and suppliers are
a critical dimension of firms’ inbound open innovation activities, in which external ideas
are captured and utilized (Chesbrough, 2006; Gurtner & Reinhardt, 2016). The open
innovation literature, which centres on large companies, shows that many leading firms
such as 3M, Procter & Gamble and Google systematically use idea management
principles to capture and refine ideas from internal and external sources to improve
innovation outcomes (Huston & Sakkab, 2006; Lindgren & O’Connor, 2011; Roy &
Sivakumar, 2010).
Researchers have recognized that involving external partners in idea generation
activities is generally positive for large firms (Dahlander & Frederiksen, 2012) because
doing so enhances the quantity and quality of ideas. For example, external inputs enhance
creativity and allow access to diverse information (Perry-Smith & Shalley, 2003). In
addition, involving external partners improves the transfer of the complex and tacit
knowledge that is needed for new ideas to develop (Sosa, 2011). However, partner
involvement can also have negative effects. Such effects include additional transaction
costs for idea generation (Knudsen & Mortensen, 2011) or diminishing returns when
partnerships are highly resource intensive (Gurtner & Reinhardt, 2016; Laursen & Salter,
2006). Thus, further investigation of the interactive relationship between idea generation
and external partnerships is a relevant area for research enquiry.
This study examines the role of ‘systematicness’ of idea generation activities for
small and medium-sized enterprises (SMEs), which have largely been overlooked in the
open innovation research (van de Vrande, De Jong, Vanhaverbeke, & De Rochemont,
2009; Parida, Westerberg, & Frishammar, 2012). Systematicness is defined as the extent
to which the firm has repetitive patterns of particular tasks. It is an important driver of a
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firm’s success (Feldman & Pentland, 2003). Building on the resource-based view
(Barney, 2001) and the organizational routine perspective (Feldman & Rafaeli, 2002),
this study conceptualizes and investigates systematic idea generation. In this study,
systematic idea generation is defined as the extent to which activities that relate to
capturing ideas and developing feasible solutions to problems are performed in a
repetitive and methodical way (Koen, Bertels, & Kleinschmidt, 2014). Systematic idea
generation starts with idea capturing and sharing and culminates in idea recoding (Björk,
Boccardelli, & Magnusson, 2010; Björk & Magnusson, 2009). The well-developed
literature on idea generation reports a positive relationship between idea generation and
front-end performance (Gurtner & Reinhardt, 2016; Koen et al., 2014; Perkins, Lean, &
Newbery, 2017; Schirr, 2012; Stam, Vet, Barkema, & De Dreu, 2013). Front-end
performance, in turn, is defined as the degree to which SMEs generate competitive
advantages, meet strategic objectives and have balanced portfolios of product
development projects (Koen et al., 2014). Nonetheless, key knowledge gaps remain
concerning systematic idea generation and front-end performance, particularly in the
context of SMEs (i.e. firms with fewer than 250 employees). Unlike their larger
counterparts, SMEs face difficulties that relate to their smallness and newness, which can
significantly reduce their ability to benefit from systematic idea generation (Parida et al.,
2012). Moreover, prior research has yet to consider the potential for non-linear
relationships between systematic idea generation and front-end performance
inrelationship for SMEs. Focusing on non-linear relationships in the context of SMEs
could provide unique theoretical insight into the extent to which systematic idea
generation benefits resource-constrained firms. By focusing on three knowledge gaps,
this study contributes to the front-end and open innovation literature and practice.
First, SMEs have been generally omitted from the mainstream discussion of open
innovation, despite their vital role in economic growth (Muller et al., 2015). Exceptions
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include studies by Brunswicker and Vanhaverbeke (2015), Lee, Park, Yoon, and Park
(2010), Parida et al. (2012), Perkins et al. (2017), and van de Vrande et al. (2009). This
omission in the literature is surprising because previous studies have indicated that SMEs
depend heavily on external expertise to innovate (Virlee, Hammedi, & Parida, 2015).
Researchers have barely investigated the importance of purposively using internal
organizational routines to aid the search for innovative ideas and improve innovation
performance in SMEs.
Second, research on internal idea generation has focused on developing methods
and mechanisms that allow for a larger number of ideas (Girotra, Terwiesch, & Ulrich,
2010), variation in idea quality (Stam et al., 2013) and proficient selection processes
(Ozer, 2004) to discern the best ideas (for an overview, see Ende, Frederiksen, &
Prencipe, 2015). Although the literature highlights important aspects and establishes
useful principles (Dahlander & Gann, 2010), it lacks details about the effect of systematic
idea generation on performance. For example, although scholars have suggested that idea
generation positively affects innovation performance (Gurtner & Reinhardt, 2016; Koen
et al., 2014; Langerak, Hultink, & Robben, 2004), we lack a clear idea of how various
levels of systematicness in idea generation affect performance. Do SMEs with limited
resources benefit, in terms of front-end performance, from high levels of systematic idea
generation? Or is the relationship positive only at low or moderate levels of systematic
idea generation? This knowledge gap suggests that the relationship between systematic
idea generation and front-end performance is far more complex than expected. Thus,
further empirical study is necessary to investigate the non-linear relationship, especially
in the context of SMEs.
Third, the literature is vague about the circumstances in which market-based
partnerships for systematic idea generation yield the greatest payoff. A market-based
partnership refers to the involvement of customers and suppliers in the generation of
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innovative ideas. Although multiple studies have highlighted the overall benefits of
external partnerships in the front end of innovation (Alam, 2006; Du, Leten, &
Vanhaverbeke, 2014), scholars have not investigated the circumstances under which such
partnerships should be sought to offer the highest returns. Thus, the way market-based
partnerships moderate the non-linear relationship between systematic idea generation and
front-end performance in SMEs represents a valuable area of enquiry.
Building on prior studies of idea generation activities (Koen et al., 2014), we use
survey data from 146 Swedish manufacturing SMEs to address these knowledge gaps.
Specifically, we respond to two research questions: How does systematic idea generation
influence front-end performance in SMEs? How does the involvement of market-based
partners moderate the relationship between systematic idea generation and front-end
performance in SMEs? In the next section, we develop the theoretical background and
hypotheses. We then describe the methods used to test these hypotheses. Finally, we
present our empirical results, discuss the key theoretical and practical contributions, and
suggest opportunities for future research.

Theoretical Background and Hypotheses
Researchers have devoted considerable attention to understanding the sources of success
in idea generation by, for example, identifying core activities and success factors (Florén,
Frishammar, Parida, & Wincent, 2017; Khurana & Rosenthal, 1997; Velamuri,
Schneckenberg, Haller, & Moeslein, 2017). Koen, Ajamian, Burkart, and Clamen (2001)
describe idea generation as an activity in which ideas are progressively built upon, torn
down, refined, reshaped, adapted and advanced. Proficient idea generation, though
challenging, is positively associated with new product performance. By improving their
systematicness, firms can significantly increase the likelihood of a new product success
(Langerak et al., 2004). More specifically, viewing systematic idea generation as an
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example of an organizational routine provides a novel lens through which to understand
its role in front-end performance (Kijkuit & Van Den Ende, 2007).
As a routine, idea generation centres on repetitive patterns of interdependent
actions, tasks and procedures for capturing and developing feasible solutions. Studies
have shown that firms’ innovation performance can benefit from such routines (Feldman
& Pentland, 2003; Feldman & Rafaeli, 2002). Organizational routines are thus a means
of enhancing consistency and performance (Cohen & Bacdayan, 1994). They allow firms
to adapt to changing circumstances (Feldman & Rafaeli, 2002) and improve efficiency
through collective actions (Cohen & Bacdayan, 1994).
Because of limited internal resources and a lack of multidisciplinary competencies
(Bianchi, Campodall’Orto, Frattini, & Vercesi, 2010), however, SMEs may struggle to
consistently invest in, develop and gain from formalized systematic idea generation
routines. Therefore, firms that seek to improve idea generation will benefit from a deeper
understanding of the relationships between idea generation routines and front-end
performance. This is especially true of firms that operate in resource-constrained
contexts.
Systematic idea generation involves collecting ideas from internal and external
sources (Dahlander & Gann, 2010). Internal systematic idea generation is characterized
by idea sourcing, scouting, sharing and recoding using internal actors (Koen et al., 2014;
Parida et al., 2012), whereas external systematic idea generation involves capturing ideas
from external actors in the value chain (Du et al., 2014; Gesing, Antons, Piening, Rese,
& Salge, 2015). Although the benefits of systematic idea generation have been widely
discussed, the proposed relationship between systematic idea generation routines and
front-end performance is poorly understood. For example, is the relationship between
systematic idea generation and enhanced performance always linear? Or could high levels
of idea generation systematicness hamper performance because SMEs have limited
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internal resources to manage such resource-intensive processes? Furthermore, what level
of internal systematic idea generation is needed to achieve the best front-end performance
when market-based partners are involved? These are important questions surrounding
systematic idea generation, market-based partnerships and front-end performance.

Hypotheses Development
Systematic Idea Generation and Front-End Performance
The literature suggests that proficient management of idea generation is vital for
increasing the likelihood of successful new product development (Ende et al., 2015;
Florén & Frishammar, 2012). Overall, the benefits for firms reside in idea generation’s
positive influence on product success, time to market and, ultimately, financial
performance (Bertels, Kleinschmidt, & Koen, 2011; Gurtner & Reinhardt, 2016).
However, the literature reveals that the relationship between idea generation and
front-end performance is far from simple because it may be influenced by internal and
external factors (Koen et al., 2014). For example, some studies of idea generation have
explored the influence of internal factors such as control procedures (Poskela &
Martinsuo, 2009) and group research methods (Schirr, 2012; Stam et al., 2013). Koen et
al.’s (2014) study is one of the few to highlight the effect of systematic idea generation
on front-end performance. However, Koen et al. (2014) primarily focus on large firms
rather than SMEs. Additionally, research on the idea generation–performance
relationship has yielded mixed results. For example, some authors report a positive
relationship (e.g. Langerak et al., 2004), whilst others suggest that performance varies
depending on whether innovation is incremental or radical (e.g. Koen et al., 2014). In
sum, the relationship between systematic idea generation and front-end performance may
be more complex than has been acknowledged in the literature (Koen et al., 2014;
Langerak et al., 2004; Poskela & Martinsuo, 2009).
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We argue that additional research is needed in this area, especially to study SMEs.
To develop a more fine-grained understanding of the relationship, we adopt Koen et al.’s
(2014) approach and assume that systematic idea generation refers to the repetitive
sequence of tasks that relate capturing, sharing and recoding ideas. Thus, a highly
systematic idea generation process can improve front-end performance for several
reasons.
First, systematic routines to capture ideas are needed to stimulate creative thinking.
Such routines thus serve as a precursor to enhanced front-end performance. Idea capture
includes the identification and structuring of problems and the formulation of ideas for
their resolution. To capture new ideas, individuals are often stimulated to ‘think outside
the box’ when developing new or original solutions (Song, Im, Bij, & Song, 2011). By
engaging in repetitive creative thinking, individuals accumulate experience of working in
an unrestrained environment and may thereby improve the originality of their solutions
(Kilgour & Koslow, 2009). Individual contributions to idea generation may be of
particular importance because over-reliance on group methods produces fewer and, on
average, lower-quality ideas (Schirr, 2012; Stam et al., 2013). Thus, systematically
capturing ideas can lend structure to a highly complex process.
Second, systematic idea sharing routines are also important. Idea sharing occurs
when a new idea is assessed and discussed by individuals to reach a mutual understanding
(Stam el al., 2013). Individuals or cross-functional teams (with, for example,
competencies in marketing and R&D) evaluate recently collected preliminary
information based on their unique skills. In SMEs, this information is typically shared
through informal conversations with a view to further refining the idea (Sethi, Smith, &
Park, 2001). Individuals are encouraged to share idea-related doubts and voice concerns
to improve the idea (Lomberg, Kollmann, & Stöckmann, 2017; Lovelace, Shapiro, &
Weingart, 2001). As information is exchanged, new questions emerge, and individuals
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are encouraged to go beyond their current knowledge ‘area’ to further develop the idea.
This process results in frequent interaction amongst individuals as they learn, discuss and
combine information to improve their understanding of the idea.
Third, systematic idea recoding is equally important because it reduces uncertainty
and thereby improves front-end performance. In idea recoding, individuals or teams
convert ideas into a preliminary concept through the build-up and discarding of new ideas.
Recoding thus requires internal group discussion to evaluate ideas and, based on that
process, develop a concept for further assessment. This task is typically surrounded by
uncertainty due to unknown technical and market factors that relate to the idea. However,
uncertainty may be reduced through group discussion (Becker, Lazaric, Nelson, &
Winter, 2005). For example, Van Riel, Lemmink, and Ouwersloot (2004) suggest that
innovation success is related to the systematic reduction of decision-making uncertainty.
Similarly, Verworn, Herstatt, and Haller (2008) highlight the importance of reducing
uncertainty in early activities at the front end.
Systematic idea generation and its influence on front-end performance have
generally been regarded as linear (e.g. Stetler & Magnusson, 2015). However, idea
generation routines in SMEs differ greatly from those in large firms, where most prior
research has been conducted. Whilst SMEs react quickly and benefit from flexibility, their
resource limitations reduce their ability to undertake multiple development activities (van
de Vrande et al., 2009). Potentially, therefore, SMEs with limited resources might obtain
smaller gains from greater investment in idea generation routines. Therefore, we question
whether, for SMEs, the influence of systematic idea generation on front-end performance
is linear. Thus, investigating a possible non-linear relationship, which to the best of our
knowledge has never been attempted, is of interest.
To understand the possible non-linear relationship in the context of SMEs, it is
useful to differentiate between low, moderate and high levels of systematic idea
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generation and then theorize about the effect of these levels on front-end performance.
More specifically, at lower levels of systematic idea generation, SMEs could reap
performance benefits without being highly systematic in the way they capture, share and
recode ideas. They could then benefit from a ‘flat’ organization, approach these tasks
informally and swiftly, and trust in informal ways of working (Parida et al., 2012). Thus,
SMEs would only benefit from ad hoc initiatives to capture new ideas from internal and
external sources with low transaction costs.
At moderate levels of systematic idea generation, the accumulated capability or
routine that is used to manage idea generation is more mature and formal. SMEs with
such semi-developed routines might gain certain advantages such as stimulating
individuals and teams to generate and share ideas according to predefined rules or
procedures (Nilsson, Elg, & Bergman, 2002). However, as routines are established in
path-dependent processes, costs tend to outweigh benefits before the routine is fully
developed (Feldman & Pentland, 2003). In other words, the resources that are needed to
pursue idea generation at moderate levels of systematicness may be costlier (Sandström
& Björk, 2010). For example, SMEs with limited resources might experiment with too
many ideas. Without well-developed routines, these firms may struggle to separate good
ideas from the rest (Florén & Frishammar, 2012), leading to an overall negative influence
on front-end performance.
However, at high levels of systematic idea generation, SMEs have well-developed
and highly systematic routines for idea generation. They are thus better prepared to
efficiently share and recode ideas, so SMEs can be highly systematic without suffering
from excessive transaction costs (Perkins et al., 2017), allowing disproportionately high
front-end performance effects to materialize. In other words, the benefits greatly
outweigh the costs when SMEs benefit from organizational routines to improve
performance. The preceding arguments suggest that the relationship between systematic
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idea generation and performance is non-linear rather than linear. Therefore, we
hypothesize the following:
H1. The relationship between systematic idea generation and front-end
performance is non-linear in SMEs.

The Moderating Effect of Market-Based Partnerships
The literature depicts market-based partners as key influencers of innovative idea
generation (Brunswicker & Vanhaverbeke, 2015; Parida et al., 2012; van de Vrande et
al., 2009). Market-based partners such as customers and suppliers include organizations
with critical knowledge about market needs and characteristics, competitive intensity, and
regulatory issues (Florén & Frishammar, 2012). Although such partnerships are a rich
source of information, scholars have warned of the downsides such as slower and costlier
product development (Knudsen & Mortensen, 2011). Research on organizational routines
has shown that, to mitigate these consequences, firms may need to develop a repository
of organizational knowledge that allows them to capitalize fully on external collaborative
efforts (Feldman & Pentland, 2003). Thus, systematic or routinized approaches to idea
generation, coupled with strong market-based partnerships, could yield additional
benefits for SMEs with limited resources.
Central to our argument is the idea that the moderating role of market-based
partnerships positively affects the non-linear relationship between systematic idea
generation and front-end performance. More specifically, we expect increasing marketbased partnerships to enhance the positive effect of high levels of systematic idea
generation on SMEs’ front-end performance. Market-based partnerships yield higher
gains for three reasons. First, when performed systematically, intensive collaboration
with market-based partners increases the likelihood that firms understand customers’
needs. Because of their limited resources, SMEs often adopt ill-structured practices to
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interact and capture new ideas from customers and suppliers (e.g. casual conversations
with partners). These poorly structured practices mean that SMEs fail to capture the
customer’s concerns and therefore develop only a vague list of customer requirements. In
other words, unstructured practices produce multiple interpretations of the same
information, which ultimately hampers performance (Frishammar, Florén, & Wincent,
2011). However, a high level of systematic practices for new idea generation mitigates
such negative effects as SMEs adopt tools that include structured customer visits,
organized focus groups and conjoint analyses. These tools reduce risks due to unclear or
missing information, leading to a better understanding of customers’ needs and therefore
the development of more effective solutions. Likewise, structured routines streamline
knowledge exchange amongst employees, which diminishes problems of equivocality
and over specification of tolerance.
Second, a high level of systematic collaboration with market-based partners
facilitates access to a larger number of partners, increasing the amount and variety of
ideas. A high level of systematic routines for generating ideas enables SMEs to access
ideas from a larger number and more diverse range of customers and suppliers. When
idea generation is highly systematic, the influx of new ideas is well organized and
manageable. Therefore, SMEs can search near and far for new ideas and then use these
ideas productively to improve performance. Likewise, SMEs occasionally collaborate in
a highly systematic manner with larger customers and suppliers. Unsurprisingly, SMEs
in several industries have long been associated with initiating joint projects where they
provide the specialized knowledge, whilst large firms offer the infrastructure and
resources that are required to develop a new idea (Parida et al., 2012).
Third, highly systematic intensive collaboration with market-based partners
increases the likelihood of capturing new emerging technologies. When idea generation
is highly systematic, SMEs often use idea management systems to help managers observe
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and capture emerging technologies in a structured and controlled manner (Nilsson et al.,
2002). The intensive use of idea management systems trains employees to recognize
novel technologies and components that are available in the market. For example,
Sandström and Björk (2010) showed that formalized idea management systems facilitate
the characterization of continuous and discontinuous innovation. This characterization
allows firms to treat ideas differently by employing different processes and evaluation
criteria. Similarly, Fairbank and William (2011) report that idea management systems are
useful for capturing new technologies. In sum, external partnerships in idea generation
offer the greatest payoffs when SMEs have highly systematic internal processes for idea
generation before seeking external inputs.
To recap, at high levels of systematic idea generation, market-based partnerships
lead to maximum front-end performance because the gains outweigh the transaction costs.
Together, these arguments suggest that the relationship between systematic idea
generation and performance is non-linear when there are high levels of market-based
partner collaboration. Therefore, we propose the following hypothesis:

H2. Market-based partnerships positively moderate the non-linear relationship
between idea generation and front-end performance in SMEs. Specifically,
increasing market-based partnerships enhances the positive effect of high levels of
systematic idea generation on front-end performance in SMEs.
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Research Design and Method
Survey and Sampling
This study is based on data from two sources: a postal survey and firm-specific data from
a Swedish business database (Infotorg Företag). To identify the population for the survey,
we first employed the EU definition of SMEs, sampling only firms with fewer than 250
employees. Second, to ensure that our sample comprised operative firms, we selected
only firms that reported financial activities over the past three years. From this target
population, a random sample of 952 Swedish SMEs was drawn to ensure
representativeness.
Swedish manufacturing SMEs were selected for three reasons. First, in a small
economy such as Sweden’s, innovation is central to most firms. According to the
European Innovation Scoreboard, Sweden is a leader in innovation and technology, and
innovation routines are salient to Swedish firms at all levels of the economy (Index Global
Innovation, 2015). Second, manufacturing SMEs in Sweden constitute a large and
important part of the population. Thus, selecting manufacturing firms ensured a total
sample of reasonable size and scope. Finally, by narrowing the sample to a single
industry, we avoided unnecessary ‘noise’ in the data due to industry factors (Westerberg,
Singh, & Häckner, 1997).
We received 146 usable questionnaires, providing a response rate of approximately
15%. The final sample was characterized by small firms (68% had 1 to 49 employees)
and young firms (88% had been in business for 6 to 15 years). Thus, the sample was
representative of European SMEs (Wymenga, Spanikova, Konings, & Canton, 2012).
The sample covered five major manufacturing industries: computer, electronic and
optical products (35%), fabricated metal products (13%), wood and cork products (7%),
machinery and equipment (7%), and food products (7%). These industries had SNI-codes
26, 25, 16, 28 and 10, respectively. The remaining firms (31%) were grouped into small
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sets that accounted for less than 6%. For the sake of parsimony, these groups are not
specified here.

Data Collection
The data were collected by postal questionnaire. First contact was made via regular post
through a package that contained a cover letter describing the study, the questionnaire
and a prepaid return envelope. Two reminder phone calls were made to raise the response
rate. Data collection was carried out over a four-month period (November 2015 to
February 2016).
As the unit of analysis concerned organizational routines (idea generation
activities), the questionnaire was addressed to the CEO (Chief Executive Officer) of each
SME. This respondent was able to provide an overview of the firm’s innovation activities.
The questionnaire was pretested with three CEOs and five innovation management
scholars to check for irregularities and other problems. Based on the results of the
pretesting, the order of certain questions was changed, descriptions of concepts were
added and items, including an item on respondent characteristics, were added or removed.
If the CEO was unavailable, the recipient of the questionnaire was asked to forward it to
the R&D manager as a qualified party who is also involved in idea generation activities.

Measures and Operationalization
We used a seven-point Likert-type scale (ranging from ‘strongly disagree’ to ‘strongly
agree’) to measure the items for all variables except the control variables. All key
constructs (i.e. systematic idea generation, market-based partnerships and front-end
performance) were adapted from previous studies.
The dependent variable, front-end performance, was a composite of seven items
adapted from Bertels et al. (2011) and Koen et al. (2014). Each item was designed to
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measure a different aspect of front-end performance. These aspects include competitive
advantage, delivery of strategic objectives and feasibility of projects in terms of market
needs and technical requirements. Minor changes were made to eliminate or alter
ambiguous questions and phrasing and prevent failure in capturing the construct for which
the item was designed. These steps served to increase validity and provide a holistic
perspective of front-end performance. The independent variable, systematic idea
generation, refers to internal routines (e.g. scouting) that are used to scan and observe
internal and external contexts to identify opportunities and ideas in an efficient and timely
manner (Dahlander & Gann, 2010; Parida et al., 2012). Specifically, we adapted Koen et
al.’s (2014) three-item scale, which measures activities that are designed to capture ideas
from the external environmental, share ideas from the internal environment and recode
ideas.
The moderator variable, market-based partnership, refers to repetitive contact with
customers and suppliers to generate collaborative ideas. Such contact may include
working intensively and continuously to generate and capture innovative ideas. The twoitem scale was based on research by Du et al. (2014) and Gesing et al. (2015).
We used three control variables that are cited as affecting front-end innovation
activities and success. The first, firm size (total number of employees), is associated with
innovation

performance

(Kock,

Heising,

&

Gemunden,

2015;

Thanasopon,

Papadopoulos, & Vidgen, 2016). The second, firm age, was measured in years. Age was
controlled for to mitigate any effects of a firm’s establishment over time. Such effects
include collaborative initiatives (Ritala & Hurmelinna-Laukkanen, 2009). The final
factor, financial capital, refers to accumulated wealth used to start or maintain a business
operation. In the present study, financial capital represented SME resources that had been
invested in idea generation and market-based partnership activities (Martinsuo & Poskela,
2011). All control variables were included in logarithmic form.
16

Measurement Model: Validity and Reliability
We performed factor analysis, bivariate correlation analysis and multiple regression
analyses using SPSS and Stata software. First, we conducted confirmatory factor analysis
to determine whether idea generation, market-based partnerships and front-end
performance were distinct constructs. Next, we conducted bivariate correlation analysis
and hierarchical regression analyses to test the relationships between idea generation and
front-end performance and the moderating influence of market-based partnerships. We
performed collinearity tests to determine the extent to which each individual construct
score depended on the other construct scores. All variance inflation factor values were
less than 1.7, suggesting that multicollinearity was not a notable problem (Hair, Black,
Babin, Anderson, & Tatham, 2006).

Results
We now present the correlation matrix and regression models. Subsequently, we explain
the results of the structural model and interpret the plotted results. We used Stata (version
13) for the analyses and ordinary least squares (OLS) regression to test the hypotheses.
To mitigate any multicollinearity problems, variables were mean-centred (z-scores) in the
analysis (Aiken, West, & Reno, 1991). Table 1 presents the correlations amongst all
variables in the study and the mean values and standard deviations for each variable.
Table 1. Descriptive Statistics and Correlation Matrix
Variable
1. Front-end performance

Min.

Max.

Mean

Std. dev.

1

1

6.57

4.52

1.04

1

2

3

4

5

2. Systematic idea generation

1

7.00

4.47

1.31

.681**

1

3. Market-based partnership

1

7.00

4.80

1.28

.575**

.530**

1

4. Firm size (employees)

2

250

33,00

44,15

.003

-.063

-.042

1

5. Firm age (years)

3

23

11.54

3.38

-.043

.082

.097

-.007

1

6. Financial capital (tkr)

50

1117000

249

105022

-.012

.034

.060

-.313**

.126

** Correlation is significant at the 0.01 level
* Correlation is significant at the 0.05 level
Descriptive statistics are based on unstandardized values.
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We used hierarchical regression analyses to test the hypotheses. The results are
presented as three models in Table 2. The first model tests the effects of the control
variables. The second model adds the main effects of the independent variables. The third
model includes the non-linear interaction and tests the moderating role of market-based
partnerships on the hypothesized non-linear relationship between systematic idea
generation and front-end performance.
The third model shows that the hypothesized positive non-linear effect of squared
systematic idea generation on front-end performance is significant (β = .136; p ≤ .05),
which supports H1. The results also support H2 (β = .080; p ≤ .05), which posits that nonlinear relationships and front-end performance relationships are moderated by marketbased partnerships. As suggested in previous studies (e.g. Kohtamäki, Partanen, Parida,
& Wincent, 2013), however, examining the non-linear interaction effect using only beta
coefficients makes little sense. The interaction effect should be examined by plotting the
effect and testing the significance of marginal effects (Brambor, Clark, & Golder, 2006).
Table 2. Regression Results
Model 1
0.001
(0.089)
-0.129
(0.260)
-6,40e-08
(0,000)

Model 2
0.039
(0.065)
-0.286
(0.191)
-9.59e-08
(0,000)
0.716***
(0.068)
0.040
(0.048)

Constant

0.308
(0.694)

0.512
(0.511)

Model 3
0.049
(0.060)
-0.309*
(0.174)
-1.03e-07
(0,000)
0.501***
(0.078)
0.136**
(0.058)
0.189**
(0.080)
-0.067
(0.075)
0.080**
(0.038)
0.510
(0.467)

Observations
R2
Adjusted R2
Std. error of the estimate

139
0.002
-0.020
1.000

137
0.479
0.460
0.735

134
0.538
0.558
0.665

Firm size (log)
Firm age (log)
Financial capital (tkr)
Systematic idea generation
(Systematic idea generation)2
Market-based partnership
Systematic idea generation x market-based partnership
(Systematic idea generation)2 x market-based partnership

Standard errors in parentheses
*** p < 0.01, ** p < 0.05, * p < 0.1
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The plotted marginal effects (Figure 1) indicate that, across different levels of
systematic idea generation, high levels of market-based partnerships allow higher frontend performance than low levels of market-based partnership, across different levels of
systematic idea generation. Specifically, the effect of a high level of market-based
partnerships is significant across the range -2.65 to 0.65, as reflected by Figure 1.
However, at high levels of systematic idea generation (i.e. 0.65 to 1.85), the moderation
effect is non-significant. Therefore, the range -0.55 to 0.65 suggests that front-end
performance achieves its maximum value at a high value of systematic idea generation
and market-based partnerships. Figure 1 supports H2.

Figure 1. Non-Linear Interaction of Systematic Idea Generation and Market-Based
Partnership on Front-End Performance (95% CI)

Discussion
Research on open innovation and idea generation has scarcely examined SMEs
(Brunswicker & Vanhaverbeke, 2015; Parida et al., 2012; van de Vrande et al., 2009).
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Whilst the importance of idea generation and external partnerships has been widely
acknowledged, there is little evidence of the relationship between systematic idea
generation and front-end performance in SMEs, particularly under the moderating effect
of market-based partners. Our results show that the relationship between systematic idea
generation and front-end performance is complex and non-linear. Moreover, this nonlinear relationship is moderated by market-based partnerships: The greatest performance
effect is achieved when SMEs have strong systematic idea generation routines. These
results deepen our understanding of how SMEs can produce novel ideas to drive
innovation in conditions where innovation is becoming increasingly open and widely
distributed and where inputs from market-based partners such as customers and suppliers
are actively sought.

Theoretical Implications
Our study has two key theoretical implications. First, the relationship between systematic
procedures for idea generation and front-end performance is non-linear. SMEs seem to
achieve maximum performance at the highest level of systematicness in idea generation.
Through repeated idea generation tasks, groups and individuals develop a set of
procedural memories that allow SMEs to improve their front-end performance. When
SMEs have routines to generate ideas, opportunities are better captured and advanced.
Systematic idea generation may therefore stimulate further creative thinking and
knowledge sharing whilst accelerating idea clarification. This finding contrasts with the
findings in existing studies (e.g. Koen et al., 2014; Langerak et al., 2004), which report a
linear relationship between idea generation and performance. Our findings also contradict
the suggestion of an inverted U-shaped relationship between systematicness (or
formalization in idea generation activities) and performance (Boeddrich, 2004; De
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Brentani, 2001). Our results may therefore revive interest in and stimulate discussion of
the role of routines in idea generation.
Second, our study extends the discussion on the central role of market-based inputs
in enhancing front-end outputs. Our results imply, however, that the contribution of
market-based partnerships varies according to the situation. This type of collaboration
contributes little when SMEs are in transition between low and high levels of systematic
idea generation (i.e. when SMEs are building such routines but do not yet have them in
place). In contrast, market-based partnerships contribute strongly to performance when
idea generation is highly systematic. This finding implies that SMEs may need to dedicate
more resources during transition, which is characterized by high transaction costs and
limited opportunities, to benefit from organizational routines that are not yet fully
developed. These results extend the findings of prior research on market-based inputs for
SMEs, which focuses on partnership intensity in a firm’s external knowledge sourcing
(Laursen & Salter, 2006). However, our results contrast with the findings of Gurtner and
Reinhardt (2016), who conclude that external partnerships have an inverted U-shaped
relationship with idea generation. Our results are well aligned with those of Brunswicker
and Vanhaverbeke (2015), who found purposive external knowledge sourcing for
innovation to be highly beneficial to SMEs. In sum, our research invites us to rethink the
contributions of market-based partnerships by offering a contingency perspective that
describes when such contributions matter most.

Managerial Implications
For CEOs and/or innovation managers of SMEs, our study has practical implications in
that it provides insights into the role of systematic idea generation and highlights when
customer and supplier inputs should be sought to stimulate front-end performance. A
common misunderstanding concerning the effect of systematicness on firm performance
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is that it might lead to progressive performance regardless of the level of systematicness
or the firm’s characteristics (Feldman & Rafaeli, 2002). Our findings suggest the
opposite: Systematicness is an important element that SMEs can develop, but only under
specific circumstances. These general insights lead to four specific managerial
implications.
First, SMEs can achieve positive front-end outcomes by regularly conducting idea
generation activities to build stronger routines by capturing, sharing and recoding ideas.
Second, a high degree of systematic idea generation can be viewed as a critical step before
SMEs enter into partnerships with customers and suppliers. Systematic procedures for
generating ideas might help SMEs maximize benefits from partnerships. Third, SMEs
could benefit from organizational arrangements to facilitate idea generation. These
arrangements might include mechanisms to encourage interaction between idea
submitters and idea receivers to strengthen routines. Fourth, intermediate levels of
systematic idea generation should perhaps be avoided during collaborative idea
generation with market-based partners. Such moderate levels of systematicness are
characterized by high transaction and coordination costs, which can prevent SMEs from
fully benefiting from the external knowledge they receive. Whilst SMEs cannot
circumvent this stage, they can shorten it by investing in swiftly building sufficient levels
of systematic idea generation routines.

Limitations and Future Research
This study has several limitations that should be considered when interpreting its results.
First, the generalizability of the findings is limited, even though we collected survey data
on 146 SMEs. For example, idea generation activities in manufacturing may differ greatly
from those in other industrial sectors (Virlee et al., 2015). These differences may lead to
different types of relationships. Second, our study focused on the influence of systematic
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routines that relate to idea generation. We encourage researchers to investigate systematic
routines for a broader range of processes in idea generation, even extended innovation
processes. Similarly, an understanding of how the low and high moderating effect of
market-based partnerships influences other front-end and innovation process routines
would be beneficial. Third, the assumption that high levels of systematic idea generation
and market-based partnerships lead to high front-end performance needs further
investigation. The marginal effect overlaps the interval between 0.95 and 1.95, preventing
us from drawing any definite conclusions about relationships. The positive trend, shown
in Figure 1, between -0.55 and 0.65 indicates that firms will likely achieve high
performance levels, and the interval between 0.95 and 1.95 suggests that both high and
low levels of market-based partnerships might lead to high performance levels. Thus, we
recommend that future qualitative and quantitative studies focus on the effects of
systematic idea generation and market-based partners on front-end performance.
Moreover, to gain insights into the role of systematicness on idea generation, attempts to
understand how learning and deployment of the capability/routine evolves over time and
how firms can deploy the capability/routine could be valuable. Finally, the data were
collected though a survey which relies upon self-reported measures, which needs to be
considered when interpreting the results. In addition, although we controlled for a variety
of variables, our analyses cannot offer evidence of causality.
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Appendix 1. Front-End Performance Survey Questions
Idea generation

Indicate the degree to which your organization has systematic methods for:
a. Capturing and sharing ideas
b. Recoding ideas
c. Capturing ideas from the external environment

Market-based partnerships

During idea generation, our organization collaborates with:
a. Customers
b. Suppliers

Front-end performance

In this section, we would like to better understand your company’s front-end activities.
a. Our organization is satisfied with our front end of innovation to generate sustainable
competitive advantage.
b. Our organization uses tools and methods to anticipate the next wave of innovation.
c. Our organization is satisfied that our front end of innovation delivers our strategic
objectives.
d. Our organization’s front end of innovation portfolio has an excellent balance across new
product lines, new technology platforms and new-to-the-world products – long-term versus
short-term, high versus low risk, and across markets and technologies.
e. Our organization’s front end of innovation portfolio mix is actively managed to ensure fit
with our strategy.
f. Our organization seeks to understand the feasibility of projects regarding marketing and
sales in the front end.
g. Our organization seeks to understand the feasibility of projects regarding the technical
requirements in the front end.

This survey was originally conducted in Swedish and reported in English.
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