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ABSTRACT
Open innovation has become a mainstream phenomenon in the current business landscape. However,
despite the fact that innovation projects generally have different attributes (e.g., complexity,
uncertainty), most studies on open innovation have only considered firm-level characteristics (e.g.,
firm size and firm openness) to determine how to manage open innovation successfully. Project-level
studies on open innovation management are still scant – there are only a few conceptual and
qualitative articles on the topic, and there is a lack of quantitative insights. Based on a survey designed
to collect detailed data from 201 innovation projects undertaken by American firms, this article
provides a quantitative cross-project analysis of how two, key innovation project attributes (i.e.,
complexity and uncertainty) are related to five factors for successful open innovation management:
(1) openness level; (2) external partner choice; (3) open innovation mechanism choice; (4)
collaboration process formalization; and (5) internal firm practices. This exploratory study
contributes to the open innovation literature by highlighting the importance of micro-foundations
(i.e., innovation project attributes) in successful open innovation management. This study concludes
by suggesting a number of relevant project-level future research opportunities in the field of open
innovation management, and some methodological recommendations on how to address such
opportunities.

3
MANAGERIAL RELEVANCE STATEMENT
Managers should be aware that they cannot deal with all innovation projects equally even within the
same firm, because different innovation projects have different attributes (e.g., complexity,
uncertainty). Innovation projects with different attributes require different managerial factors for
successful open innovation management. Our study provides managers with an empirically supported
framework that they can use when making early-stage decisions related to the five factors for
successful open innovation management (i.e., openness level, external partner choice, open
innovation mechanism choice, collaboration process formalization, and internal firm practices).
Considering these factors in the early stages can also help managers to allocate the resources properly
in later stages of the innovation project, and thereby foster innovation project success. For example,
when facing a complex or uncertain innovation project, our framework suggests that managers should
collaborate with a more diverse set of external partners. Moreover, our framework proposes that
managers should focus on improving the communication with innovation project members,
incentivize communication among those members, and reward those employees who acquire and
share knowledge effectively.

KEYWORDS
Open innovation; project attributes; project complexity; project uncertainty; project-level variables
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1. INTRODUCTION
In an ever more competitive business environment, firms are increasingly transcending boundaries to
improve their innovation activities by consciously using knowledge inflows and outflows [1]. In other
words, firms are increasingly embracing open innovation (OI). The concept of OI has received
considerable scholarly attention over the last decade [2-8], and most articles on OI have taken a firmlevel perspective [2, 3]. Firm-level studies have highlighted five factors that firms need to consider
for successful OI management: (1) openness level [9, 10]; (2) external partner choice (e.g., users,
suppliers, universities, competitors, entrepreneurs, and start-ups) [11, 12]; (3) OI mechanism choice
(e.g., licensing agreements, alliances, innovation contests, and crowdsourcing intermediaries) [13];
(4) collaboration process formalization [14]; and (5) internal firm practices [15-17].
However, although these firm-level articles provide useful frameworks for managing OI, they
fail to consider that not all innovation projects are equal, even in the same firm [18]. Instead,
innovation projects generally have different attributes, such as strategic importance, complexity of
innovation tasks, type of required knowledge and resources, and project uncertainty, in terms of
technologies and customer preferences [18-20]. Scholars have identified project complexity and
project uncertainty as the most important of these attributes [21-23]. This fact calls for a downward
shift in the study of OI management from firm to project level, since neglecting project attributes may
prevent full understanding of successful OI management [18, 24]. Accordingly, West et al. [25, p.
287] argued that “neither the practice of nor the research on open innovation is limited to the level of
the firm.” Similarly, Antons et al. [2, p. 745] claimed that “most recent research on the hot topic of
open innovation is based on a firm-level perspective and could be enriched by project-level studies.”
Surprisingly, however, project-level studies on OI management are still rare [2, 3]. Only a few
conceptual and qualitative studies of project-level OI management have been conducted so far (e.g.,
[19, 21, 23, 26]), and there is a dearth of quantitative insights, which might be due to the difficulty of
accessing detailed project-level OI data [24]. Among these few conceptual and qualitative projectlevel studies of OI management, Brunswicker et al. [23] use a multiple case study methodology to
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show that even the same firm can use different OI mechanisms (e.g., licensing agreements, alliances,
innovation contests, and crowdsourcing intermediaries) for different innovation projects. Likewise,
in a recent conceptual study, Felin and Zenger [19] argued that innovation projects with different
attributes require different OI mechanisms. Similarly, in a qualitative study, Faems et al. [27] showed
that the same firm uses different levels of collaboration process formalization in different
collaborative innovation projects. This heterogeneity in factors for OI management across innovation
projects demonstrates the importance of studying how these factors depend on project attributes,
which remain under-researched [19, 28].
To address this important, under-researched topic, and the aforementioned lack of quantitative
project-level studies of OI management, we provide a quantitative cross-project analysis of how two
important project attributes (i.e., project complexity and project uncertainty) are related to the five
factors for successful OI management (i.e., openness level, external partner choice, OI mechanism
choice, collaboration process formalization, and internal firm practices). We studied 201 innovation
projects undertaken by firms from the USA. Our findings highlight how project complexity and
project uncertainty are related to each of the five factors, and contribute to project-level OI research.
Our findings also reveal a number of avenues for future project-level research in OI management,
and we present some methodological recommendations for this future research.

2. PROJECT ATTRIBUTES AND OI MANAGEMENT
A key stage of managing innovation projects (projects, hereafter) is the search for solutions to
advance projects and help meet their objectives [22]. Not all projects, even in the same firm, are alike
[18]. They have many different attributes, such as strategic importance and the complexity of the
problem to be solved [20, 26]. The problem-solving perspective suggests that different projects
require different forms of solution search [22]. The literature proposes two widely established forms
of solution search: directional and cognitive [29]. The directional solution search involves testing
(i.e., an experiment) various solutions after their implementation to see whether they meet the needs
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of the project, and, if not, adjusting them accordingly [22, 29]. In contrast, cognitive solution search
involves a process in which the project members assess the results of potential solutions before
implementing them [22, 29]. This assessment is based on a cognitive map, which is a simple
representation of the solution space, specifying the required resources (e.g., knowledge sets) and their
underlying interactions for developing a solution [22, 29]. The problem solving perspective argues
that each of the two forms of solution search has its own characteristics and/or needs. The key
characteristic of directional solution search is that both internal and external partners can pursue trials
(i.e., experiments) independently to get feedback and assess solutions [22]. On the other hand,
creating an appropriate cognitive map to conduct an efficient cognitive solution search needs deep
interaction and extensive knowledge exchange between project partners (both inside and outside the
focal firm) to ensure that all relevant and required knowledge sets are available to all the partners
involved [22]. Thus, each solution search form demands a specific managerial approach to address
its characteristics and/or needs. Drawing upon the problem solving perspective, we argue that
different projects need different solution search forms, and therefore an appropriate management
system supporting the proper form of solution search. For example, complex projects demand a
cognitive solution search involving deep interactions and extensive knowledge sharing among the
involved partners. Project members must therefore select managerial factors that support the proper
levels of interactions and knowledge sharing [19, 22]. As the selection of the appropriate managerial
factors depends on project attributes, research on OI management cannot assume project homogeneity
[30]. Therefore, to capture the heterogeneity of project attributes, we need to consider the microfoundations of OI management (i.e., project attributes), which can provide more detailed and stable
results regarding OI management than firm-level analyses.
Among the different types of project attributes (e.g., type of external knowledge required such
as basicness and novelty, strategic importance, and project uncertainty in terms of technologies and
customer preferences), the few existing conceptual papers on OI management (e.g., [21, 22]), together
with a qualitative case study on OI management [23], have recognized two attributes (project
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complexity and project uncertainty) as the most important. Project complexity can be defined as the
number of tasks, elements, and knowledge sets required to complete a project, and the degree of
interdependency between them [31]. Project uncertainty refers to the extent of change in the
technologies and customer preferences related to the project [32]. As previous research has
considered these two project attributes to be the most important ones, in this article we analyze their
roles in OI management.
OI research has argued that collaboration with external partners encompasses two key phases:
formation and execution [33]. Formation refers to the initial setting (e.g., defining the problem to be
solved in the project) before engaging in OI. In the execution phase, the OI activity and use of external
knowledge are put into effect. The OI literature has suggested these two phases as important building
blocks of OI management [33]. In this paper, we study both phases, since focusing on only one would
result in a limited understanding of OI management. Scholars have identified five factors that firms
need to consider in these two phases for successful OI management. Scholars have argued that
managers need to consider three important factors in the formation phase: openness level (i.e., the
focal firm’s overall interactions with external partners in all its innovation activities); external partner
choice (e.g., users, suppliers, competitors, universities, entrepreneurs, and start-ups); and OI
mechanism choice (e.g., licensing agreements, alliances, innovation contests, and crowdsourcing
intermediaries) [9, 12, 13]. Scholars have also argued that, in the execution phase, managers need to
consider two other important factors: collaboration process formalization (i.e., organizing the firm’s
interactions with external partners to be able to use external knowledge effectively) [14, 34], and
internal firm practices (e.g., establishing communication channels between project members and
reward systems for sharing and acquiring knowledge) [15, 16, 35]. As previous, mainly firm-level OI
research has pointed to the importance of these five factors for successful OI management, in this
article we analyze how they are associated with project complexity and project uncertainty. The
following section provides the theoretical background for the five factors.
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Openness level. Most previous studies have only studied the antecedents of firm openness
(i.e., the focal firm’s overall interactions with external partners in all its innovation activities). For
example, Bogers et al. [9] investigated the influence of employee diversity on firm openness to
external partners. Laursen and Salter [36] studied the impact of the firms’ appropriation strategies
(e.g., patent, trademarks, and secrecy) on firm openness. However, few studies have examined project
openness (i.e., the focal firm’s interactions with external partners for a particular project), and most
of these are purely conceptual [21]. Among such studies, a simulation-based research of OI has shown
that project complexity is likely to affect the level of project openness to external partners [21]. More
specifically, Almirall and Casadesus-Masanell [21] argued that highly complex projects (i.e., when
the solution depends on a large number of highly interdependent tasks and knowledge sets), require
extensive project openness when a wide set of external partners are available for collaboration with
the focal firm. Nickerson and Zenger [22] argued that no individual firm has all the knowledge
required to find an appropriate solution when projects become more complex. Thus, a higher level of
openness would give firms access to potentially relevant knowledge sets that would otherwise be very
difficult to obtain, and would enhance the likelihood of finding those knowledge sets necessary to
achieve an appropriate solution to specific problems [17, 37]. In a cross-industrial, survey-based study
of R&D projects funded by the Korean government, Kim et al. [38] found that when a project involves
technologically uncertain tasks, it tends to be more open to outsiders. This evidence points to the
possibility that, apart from being a firm-related variable, openness is also a project-related variable.
Thus, the focal firms that embrace OI may not adopt the same level of openness for all their projects,
and this fact emphasizes the importance of studying project openness. Project attributes may relate to
project openness independently or in combination [19]. For example, as a project becomes more
complex, its uncertainty may also increase, indicating that project complexity and uncertainty may
influence each other, which points to an interaction effect between the two attributes on project
openness.
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Even though we argue that openness is a project-related variable that depends on the two
project attributes, OI-related factors specific to a firm (e.g., the firm’s total investment in OI activities)
may also be related to project openness [5]. For example, a firm that invests extensively in OI will
provide greater support for project openness, and more of its employees will embrace OI for the sake
of the project. This highlights the importance of studying the relationship between firm openness and
project openness.
In this article, and following Laursen and Salter [10] and Kobarg et al. [39], we study the two
key components of project openness: openness breadth and openness depth. Project openness breadth
refers to the number of types of external partners a firm interacts with in a particular project [10],
whereas project openness depth captures the intensity of the interactions with these different types of
external partners in a particular project [10].
External partner choice. OI can involve several types of external partners, such as users,
suppliers, universities, competitors, entrepreneurs, and start-ups [35, 40]. These various types of
external partners can provide the firm with different kinds of knowledge [12]. For example, the
knowledge developed by universities and research centers is likely to be highly original [41].
Accordingly, Cassiman et al. [20] argued that when the required knowledge is very novel,
collaboration with universities and research centers is more attractive than with firms. A number of
empirical articles [11, 12] examined firm and industry-level variables affecting external partner
choice. For instance, based on a firm-level dataset, Sofka and Grimpe [12] found that the
technological environment in which firms conduct their innovation activities is likely to affect their
choice of external partners. More specifically, they found that a technologically advanced
environment leads firms to collaborate with scientific partners, as these can provide highly novel
knowledge. This suggests that when embracing OI, firms may not involve the same external partners
in all their projects, and highlights the importance of investigating external partner choice at the
project level.
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OI mechanism choice. To tap into the knowledge of external partners, firms can use a variety
of OI mechanisms [40]. These include markets and contracts (e.g., licensing agreements), OI
platforms (e.g., innovation contests and crowdsourcing intermediaries), and non-equity and equity
partnerships (e.g., alliances and joint ventures) [40]. In light of the wide variety of OI mechanisms,
the choice of mechanism is another important factor to consider if firms want to manage OI
successfully [19]. However, little research has considered project attributes as determinants of OI
mechanism choice, and most of this research is purely conceptual (e.g., [19, 26]). For example, Felin
and Zenger [19] argued that partnerships, such as strategic alliances, can be an appropriate mechanism
for complex projects. Similarly, Afuah and Tucci [26] suggested that project attributes can affect
mechanism selection, including crowdsourcing and designated suppliers. More specifically, they
proposed that crowdsourcing is less attractive for highly complex projects. Overall, firms may not
apply the same mechanisms to all of their projects, and this emphasizes the importance of exploring
project-level mechanism choice.
Collaboration process formalization. A recent systematic review of case studies describing
inter-organizational collaboration has shown that the degree of formalization of the collaboration
between a firm and its external partners is an important managerial factor that requires consideration
when embracing OI [33]. Collaboration process formalization involves specifying and enforcing
activities to be followed by both the firm and its external partners to jointly achieve the goals [14].
This formalization is based on specific procedures, manuals, and role distribution [14]. In an empirical
study on managing OI activities using a project-level dataset from a large European multinational
firm, Du et al. [18] showed that project management formalization (i.e., planning and controlling
project tasks and activities in a formal way) differs across projects. Similarly, in a qualitative study,
Faems et al. [27] showed that the same firm uses different levels of collaboration process
formalization in different innovation projects. This indicates that the formalization level of the
collaboration process is unique to each project. Therefore, firms engaging in OI may introduce
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different levels of formality to their collaboration processes in different projects. This highlights the
importance of studying project-level collaboration process formalization.
Internal firm practices. Previous studies have highlighted that collaborating with external
partners can create a set of managerial challenges (e.g., identifying relevant, valuable external
knowledge; understanding the absorbed external knowledge; making the absorbed external
knowledge available to all the firm’s employees) that need to be addressed by implementing
appropriate internal practices [42]. These internal practices can enable firms to better explore,
assimilate, and exploit external knowledge (the three components of absorptive capacity), which is
critical in any OI process [43-46]. This absorptive capacity increases the likelihood of using external
knowledge successfully in the firm’s different projects [44]. A conceptual article has argued that
different project attributes require the adoption of different internal practices [47]. Concretely,
Heiman and Nickerson [47] argued that different degrees of knowledge sharing between employees
are required for different types of projects. This suggests that firms need to adapt their internal
practices to support different levels of knowledge sharing among employees. Thus, firms need to
adopt different internal practices for their different types of projects, and this highlights the
importance of studying internal practices based on project attributes. In line with the systematic
review of the literature on internal practices conducted by Foss et al. [15], we include two important
internal firm practices in this study: (1) knowledge incentives (i.e., the extent to which the involved
firm’s employees in the project are rewarded for acquiring and sharing knowledge); and (2) internal
communication (i.e., communication among project team members and between project team
members and managers).

3. METHODOLOGY
3.1 Data collection and sample
An external panel company that specialized in the recruitment of target respondents and survey
execution collected our data in 2016 via an online survey. The panel company distributed the survey
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we had designed to the respondents, managed respondent incentives, and encouraged their pool of
panelists to take part.
The panel company sent the survey to large firms in the USA with more than 500 employees
and more than $10m in revenue in 2015, operating in four industry groups: (1) finance, banking and
insurance; (2) healthcare and social assistance; (3) manufacturing; and (4) retail/wholesale trade. In
this population, we focused on three functional areas: (1) marketing/sales; (2) information
technology/information systems; and (3) research and development (R&D). We focused on large
firms to ensure that we would find relevant projects involving external partners, as large firms usually
engage in OI based on their project needs. Also, respondents from large firms are generally more
knowledgeable about OI activities within firms than those in small firms [48]. To find suitable
respondents with sufficient information about the projects (i.e., to minimize informant bias) [49], we
only recruited full-time staff (working at least 35 hours per week) in senior managerial positions
(owner/CEO, senior executive, executive, senior manager, or manager/supervisor) and with
budgetary authority (for the entire company or organization, within a department or division, or
within a team or group). To complete the survey, we asked respondents, based on the best of their
knowledge, to select a project completed in their firm involving external partners. This increased the
likelihood that respondents would select a project about which they had sufficient information. We
assured respondents that we would treat their answers confidentially and only report aggregate results.
In total, we collected data on 201 OI projects undertaken in 201 firms (i.e., only one project
per firm). We present the final sample characteristics in Table 1. One third of the sample represents
the manufacturing industry, and 28.9% represents retail/wholesale trade. Finance, banking and
insurance, and healthcare and social assistance, account for 24.4% and 13.4% of the sample
respectively. In terms of company size, 25.9% of the sampled firms are very large (10000 employees
or more), and 58.7% have between 1000 and 9999 employees. Firms with 500 - 999 employees
represent 15.4% of the sample. This shows that our sample is well balanced in terms of industry
groups and firm size.
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----- INSERT TABLE 1 ABOUT HERE ----3.2 Constructs and items
We adapted the scale items to measure all constructs from previous studies. Two OI scholars (i.e.,
associate university professors) and two survey development experts (i.e., one full university
professor and one senior post-doc researcher) reviewed the adapted items, and we conducted a pilot
test with three senior managers (one CEO and two CIOs) in large USA companies. In light of the
item review and pilot test, we made a few minor changes to improve the original items. We present
the constructs and the final items by which they were measured below. The respondents were asked
to assess one project, which they selected, based on all the measures indicated below. For the five
constructs operationalized by Likert-type measures (i.e., project complexity, project uncertainty,
collaboration process formalization, knowledge incentives, and internal communication), we
performed confirmatory factor analysis (CFA), using the maximum likelihood method, to assess their
reliability and validity. The five-factor measurement model had acceptable fit indices (Chi-square =
30.76 with df = 34; Chi-square/df = 0.91; goodness of fit index = 0.97; comparative fit index = 1.00;
normed fit index = 0.96; 90% CI for root mean square error of approximation = 0 − 0.05; standardized
root mean square residual = 0.03) [50]. The standardized factor loadings of the five constructs were
significant and higher than the recommended cut-off value of 0.5 (they ranged between 0.57 and 0.84)
[51]. Moreover, the average variances extracted (AVEs) of the five constructs were higher than or
very close to the acceptable threshold of 0.5 (they ranged from 0.4 to 0.7) [51]. These results
supported the validity of the five constructs. The composite reliability (CR) values of the five
constructs were greater or close to the acceptable threshold of 0.7 (they ranged from 0.54 to 0.82)
[51]. In addition, the correlations between the measures (in the case of constructs with only two
measures) were higher than the recommended cut-off value of 0.25 (they ranged from 0.38 to 0.7)
[52], and the Cronbach alpha coefficient (in the case of the construct with more than two measures –
i.e., collaboration process formalization) was equal to the acceptable threshold of 0.7 [52]. These
results showed sufficient reliability of the five constructs operationalized by Likert-type measures.
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To measure the construct of project complexity, we asked respondents to assess the selected
project using the following two items: (1) it involved a large number of highly interdependent tasks
and (2) new tasks and interdependencies between them emerged unexpectedly (adapted from [28]).
They assessed both items on a seven-point Likert scale (1, Strongly Disagree 7, Strongly Agree).
Then, we averaged the values of these two items (AVE = 0.4; CR = 0.54; the correlation between
these two measures = 0.38 with p-value < 0.001).
To operationalize the construct of project uncertainty, we asked respondents to assess the
selected project using the following two items: (1) it was exposed to a rapidly changing technological
environment; and (2) it addressed a market situation in which customers tended to look for new
products all the time (adapted from [32]). They assessed both items on a seven-point Likert scale (1,
Strongly Disagree 7, Strongly Agree). Then, we averaged the values of these two items (AVE = 0.5;
CR = 0.68; correlation between the two items = 0.5 with p-value < 0.001).
To measure the construct of project openness breadth, we asked respondents to indicate which
type(s) of external partners they interacted with during the selected project. We provided them with
a list of five different types of external partners: (1) users; (2) suppliers; (3) competitors; (4)
universities and public research organizations; and (5) entrepreneurs and start-ups (adapted from
[40]). We first considered each type of external partner as a binary variable, which had value 0 if the
firm did not interact with that partner, and value 1 if the firm did interact with it. We then created an
aggregate measure by adding up the values of the five types of external partners. Thus, for example,
if the firm interacted with users and competitors in a particular project, project openness breadth had
a value of 2.
To operationalize the construct of project openness depth, we asked respondents to indicate
the approximate number of hours per week that the members of the selected project (staff in the focal
firm) spent with the abovementioned five types of external partners. They responded on a four-point
scale, where 1 referred to “10 hours or less,” 2 to “11 to 20 hours,” 3 to “21 to 30 hours,” and 4 to
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“31 hours and more.” We then generated a combined measure by calculating the average time spent
with the five types of external partners.
To measure the construct of OI mechanism choice, we provided respondents with a list of four
different types of OI mechanisms: (1) bilateral contract with an external partner (e.g., licensing
contract); (2) collaborative agreement with external partners (e.g., consortia agreements and alliance
partnerships); (3) innovation contest with an open call to the world for submissions or crowdsourcing
intermediaries (e.g., NineSigma); and (4) corporate innovation communities managed by firms (in
which participants can interact) (adapted from [40]). Respondents indicated which of these
mechanisms they applied in their selected projects.
To operationalize the construct of collaboration process formalization, we asked respondents
to assess the following three items in relation to their selected project: (1) we had an understandable,
written sequence of activities that could be followed by internal and external partners (2) we had a
set of established documents such as procedures, manuals, etc., that guided the external and internal
partners involved and (3) external partners were informed about how their deliverables contributed
to the overall project goals (adapted from [53]). They assessed all three items on a seven-point Likert
scale (1, Strongly Disagree 7, Strongly Agree). Then, we averaged the values of these three items
(AVE = 0.44; CR = 0.7; Cronbach alpha coefficient = 0.7).
To operationalize the construct of knowledge incentives, we asked respondents to indicate on
a seven-point Likert scale (1, Strongly Disagree 7, Strongly Agree) to what extent they agreed with
the two following items: (1) project team members’ salary was linked to the ability and willingness
to share knowledge within team and company, and (2) project team members’ salary was linked to
the willingness to improve and upgrade their skills and know-how relevant to the project (adapted
from [15]). Then, we averaged the two items (AVE = 0.7; CR = 0.82; correlation between the two
items = 0.7 with p-value < 0.001).
To measure the construct of internal communication, we asked respondents to indicate on a
seven-point Likert Scale (1, Strongly Disagree 7, Strongly Agree) to what extent they agreed with
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the following two items: (1) project team members exchanged their information and skills relevant to
the project with one another, and (2) there was communication between team members and the
management of the company (adapted from [15]). Then, we averaged the two items (AVE = 0.6; CR
= 0.73; correlation between the two items = 0.58 with p-value < 0.001).

3.3. Methods
As this study is exploratory, we conducted a set of exploratory statistical analyses using SPSS 23.0,
including tabular and graphical methods (bar chart, cross-tabulation, and scatter plot), and numerical
methods (correlation analysis, Chi-square test, analysis of variance – ANOVA, and two-sample t-test
analysis) [54]. Moreover, to develop a set of clusters of projects involving the same types of external
partners (users, suppliers, competitors, universities, entrepreneurs, and start-ups), we conducted a
two-step cluster analysis (i.e., hierarchical and non-hierarchical K-means methods sequentially) to
group the projects based on these external partners with which firms interact [54].

4. DATA ANALYSIS AND RESULTS
This section provides empirical evidence of how the two project attributes of project complexity and
project uncertainty relate to the five factors for successful OI management (openness level, external
partner choice, OI mechanism choice, collaboration process formalization, and internal firm
practices).
Openness level. We first explored whether and how project openness (i.e., openness breadth
and openness depth) relates to the two project attributes. The results of the correlation analysis (see
Table 2) show a significant positive association between these two project attributes and the depth
and breadth of project openness.
----- INSERT TABLE 2 ABOUT HERE ----Next, we compared project openness between the two extreme groups of projects in terms of
their attributes: the last quartile (i.e., high project complexity/uncertainty) with the first quartile (i.e.,
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low project complexity/uncertainty). The results of the two-sample t-test analysis (see Fig. 1, Table
3 and 4) indicate that the breadth and the depth of project openness differ significantly depending on
the complexity and uncertainty of the project. More precisely, when facing more complex projects,
or more uncertain technologies and customer preferences related to the project, firms tend to interact
with a more diverse set of external partners (i.e., increased breadth of openness) and spend more time
with them (i.e., increased depth of openness) during the project. This shows that the two key project
attributes (complexity and uncertainty) are related to project openness. Thus, the specific attributes
of each project are critical contingencies for both the breadth and depth of project openness.
----- INSERT FIG. 1 ABOUT HERE --------- INSERT TABLE 3 ABOUT HERE --------- INSERT TABLE 4 ABOUT HERE ----Thus far, we have explored the relationship of project complexity and project uncertainty to
project openness independently. However, these may also be related to project openness in
combination. The two project attributes were correlated (correlation coefficient = 0.567 with p-value
< 0.001), indicating that they influence each other. To explore the interaction effect between the two
project attributes on project openness, we plotted project complexity against the breadth and the depth
of project openness for low and high levels of project uncertainty.
----- INSERT FIG. 2 ABOUT HERE ----Our results show that the association between project complexity and the breadth and the
depth of project openness depends on project uncertainty (see Fig. 2). The results indicate that for
more complex projects, firms tend to involve a more diverse set of external partners, and that this
tendency becomes stronger when the project is more uncertain. Our findings also show no relationship
between project complexity and project openness depth when the project uncertainty is low. However,
for more complex projcets, firms tend to spend more time with external partners when the project
uncertainty is high. This indicates that project uncertainty strengthens the relationship between project
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complexity and project openness. Thus, project complexity and project uncertainty are not only
related to project openness separately, but also through their interaction.
We also assessed the relationship between the firm’s total investment in OI activites (a proxy
for firm openness) and project openness. We asked respondents to distribute 100 points to indicate
how they allocated their total R&D budget between OI activities and internal R&D. The results show
a significant and positive correlation between the firm’s total investment in OI and both project
openness breadth (correlation coefficient = 0.372 with p-value < 0.001) and depth (correlation
coefficient = 0.161 with p-value = 0.023).
External partner choice. We then explored whether and how the two project attributes
(complexity and uncertainty) are related to the firm’s choice of external partners for the project. To
do so, we first developed a set of homogeneous clusters, showing the firm’s preference for a specific
type of external project partner. We conducted a hierarchical cluster analysis based on the squared
Euclidean distance measure and Ward’s method, as this method generates the most homogenous
results within a cluster and heterogonous results across clusters [54]. According to the agglomeration
coefficients, we selected three cluster solutions (i.e., three-cluster, four-cluster, and five-cluster
solutions) as cluster seeds for the non-hierarchical K-means method [55]. We used the Kappa test to
check the interrater reliability of these three cluster solutions achieved via the hierarchical and nonhierarchical K-means method. The four-cluster solution provided the highest consistency between the
two methods (Kappa coefficient = 0.253 with p-value < 0.001). We thus selected the four-cluster
solution. We present the average time spent on the project with different types of external partners
for each cluster in Table 5. We checked the validity of the four-cluster solution by conducting the
ANOVA test and multiple two-sample t-tests [55, 56]. The results show that the four clusters differ
significantly in terms of time spent with external partners. In cluster 1, firms interacted extensively
with all types of external partners to create an ecosystem around the project. In cluster 2, firms
preferred to interact more with competitors, universities, entrepreneurs, and startups (i.e., horizontal
OI) rather than with users and suppliers (i.e., vertical OI). In cluster 3, firms spent more time on their
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projects with users and suppliers (i.e., vertical OI) than with other types of external partners (i.e.,
horizontal OI). In cluster 4, firms interacted less with external partners than in the other three clusters.
These cluster solutions show the different external partner choices firms made.
----- INSERT TABLE 5 ABOUT HERE ----We then used these four clusters and applied the Chi-square test to explore whether and how
the two project attributes of complexity and uncertainty relate to external partner choice. We present
an overview of our results in Table 6, showing that external partner choice differs significantly
between projects that have high or low complexity (Chi-square = 23.962, p-value < 0.001) and
uncertainty (Chi-square = 12.771, p-value = 0.005). This indicates that the two project attributes are
related to external partner choice.
----- INSERT TABLE 6 ABOUT HERE ----More precisely, for projects with high levels of complexity or uncertainty, firms are likely to
create an ecosystem by engaging in both horizontal and vertical OI (cluster 1) or only in horizontal
OI by interacting with competitors, universities, entrepreneurs, and start-ups (cluster 2). In contrast,
for projects with low levels of complexity, firms are more likely to engage in vertical OI by interacting
with users and suppliers (cluster 3). In addition, our results show no relationship between project
uncertainty and vertical OI (i.e., interacting with users and suppliers) (cluster 3), as the observed and
expected frequencies are almost the same. We also checked the relationships between the two project
attributes and external partner choice by conducting the ANOVA test and multiple two-sample t-tests
(see Table 7). Although clusters 2 and 3 were not statistically significant in terms of the two project
attributes, the general pattern of relationships is consistent with the results of the Chi-square test.
Thus, our exploration suggests that firms prefer to interact with different types of external partners
depending on project complexity and uncertainty. This shows that project attributes are important
factors in explaining the firm’s choice of external partners.
----- INSERT TABLE 7 ABOUT HERE ----OI mechanism choice. We then explored whether firms prefer to apply traditional OI
mechanisms, such as bilateral contracts (e.g., licensing contracts), corporate innovation communities
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or collaborative agreements with external partners (e.g., consortia agreements and alliance
partnerships), or modern mechanisms, such as innovation contests or crowdsourcing intermediaries
(see Fig. 3).
----- INSERT FIG. 3 ABOUT HERE ----Previous studies often assume that firms only use one OI mechanism per project [19].
However, our exploration reveals that 70% of projects use a mixture of different OI mechanisms (see
Fig. 4). Moreover, we found a significant positive relationship between the diversity of mechanisms
used and both project complexity (correlation coefficient = 0.149, p-value = 0.036) and project
uncertainty (correlation coefficient = 0.131, p-value = 0.0651) (see Table 2). This indicates that for
more complex or uncertain projects, firms tend to apply a broader set of OI mechanisms.
----- INSERT FIG. 4 ABOUT HERE ----In addition, we used the two-sample t-test to explore whether firms prefer to apply different
OI mechanisms for different types of projects. Our results showed that firms are more likely to adopt
modern mechanisms, such as innovation contests or crowdsourcing intermediaries (t-value = -2.042,
p-value = 0.043), and corporate innovation communities (t-value = -1.825, p-value = 0.07) for
complex projects. Moreover, they tend to use these modern mechanisms (t-value = -2.105, p-value =
0.037), along with corporate innovation communities (t-value = -2.416, p-value = 0.017) for uncertain
projects (see Table 8). These findings indicate that the OI mechanism choice is contingent upon the
two project attributes of complexity and uncertainty.
----- INSERT TABLE 8 ABOUT HERE ----Collaboration process formalization. We then explored whether and how the two project
attributes are related to collaboration process formalization. We found that both project complexity
(correlation coefficient = 0.441, p-value < 0.001) and project uncertainty (correlation coefficient =
0.481, p-value < 0.001) are positively related to collaboration process formalization (see Table 2).
Similarly, two-sample t-test results showed that the level of collaboration process formalization

1

In this paper, we consider p-values lower than 0.1 as significant.
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differs significantly with project complexity and uncertainty (see Fig. 5, Table 3 and 4). This means
that for more complex or uncertain projects, firms tend to make the collaboration process more
formal. As a result, collaboration process formalization is a project-level variable, and the two project
attributes are critical contingencies for the level of formalization.
----- INSERT FIG. 5 ABOUT HERE ----Internal firm practices. Finally, we explored whether and how the two project attributes are
related to internal firm practices (i.e., knowledge incentives and internal communication). The
correlation analysis (see Table 2) and the two-sample t-test results indicate that project complexity
and project uncertainty are positively related to knowledge incentives and internal communication
(see Fig. 6, Tables 3 and 4). This means that more complex or uncertain projects tend to reward
employees more for acquiring and sharing knowledge, and project team members are also likely to
communicate more among themselves and with managers.
----- INSERT FIG. 6 ABOUT HERE -----

5. DISCUSSION AND CONCLUSION
5.1 Theoretical contributions
In light of the problem-solving perspective [19, 22], projects with different attributes (e.g.,
complexity, uncertainty) require different managerial factors for successful OI management. To
capture this project attribute heterogeneity and its effect on OI management, there is a need to shift
the level of analysis from the firm to the project level. Our project-level study reveals that the five
managerial factors for successful OI management are contingent on the two project attributes of
project complexity and uncertainty. Our exploratory study contributes to the OI literature by
highlighting the importance of micro-foundations (i.e., project attributes) in successful OI
management. The micro-foundations of OI provide more detailed and stable explanations than earlier
firm-level analyses, as they capture project heterogeneity. Thus, our study addresses the calls by
Antons et al. [2] and West and Bogers [4] to conduct further studies in the field of OI based on project-
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level analysis. Below, we discuss how our quantitative evidence contributes to the literature with
regard to each of the five managerial factors for successful OI management.
Openness level. Our findings on the interaction between the two project attributes (project
complexity and project uncertainty) indicate that they are related to project openness not only
separately but also in combination. This implies that simply studying the effect of project attributes
separately, without considering their joint effect, may prevent full understanding of the role of project
attributes in project openness. Moreover, the positive correlation between firm openness and project
openness that we found implies that examining the impact of firm characteristics or project attributes
separately, without considering the interaction between them, may prevent full understanding of the
association between project attributes and project openness. These findings contribute to the literature
on the antecedents of project openness [9, 21], and address the call by Bogers et al. [9] for further
study in this area.
External partner choice. Our findings show that firms usually work on their projects with
more than one type of external partner, and that project attributes are related to the selection of
external partners. This contributes to the literature on OI [35, 57] by pointing out the suitability of
building a portfolio approach to OI and collaborating with a mix of different external partners
simultaneously. In addition, it builds empirically on the research by Ind et al. [58] on the collaboration
between multiple types of external partners in innovation processes. Moreover, our findings indicate
that the firm’s decision to engage in either horizontal OI (i.e., interaction with competitors,
universities, entrepreneurs, and start-ups) or vertical OI (i.e., interaction with users and suppliers) is
contingent on project attributes. This contributes to the literature on external partner choice [11, 12]
by showing that project attributes are related to external partner choice. In particular, our results
complement the work of Cassiman et al. [20] by showing that project complexity and uncertainty, in
addition to the novelty of knowledge required for the project, can drive collaboration with scientific
partners.
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OI mechanism choice. Our empirical investigation reveals that most firms use more than one
OI mechanism in their projects. Some recently published conceptual papers have argued that firms
generally collaborate with external partners in their projects via a single OI mechanism [19, 26]. Our
findings contribute to this body of literature by suggesting that adopting multiple OI mechanisms
simultaneously (i.e., a portfolio of OI mechanisms) can be more effective. In addition, our empirical
exploration contributes to the literature by showing how project attributes drive mechanism choice
[19].
Collaboration process formalization. Our findings show that firms tend to formalize the
collaboration process when interacting with external partners in their projects. However, whilst
previous research has studied the role of collaboration process formalization in innovation activities,
it has typically examined this effect in the context of internal firm processes (e.g., formalization of
collaboration between the firm’s different business units) [59]. Our study thus contributes to this body
of literature by showing that formalization needs to be considered when studying collaboration
processes with external partners, instead of exclusively focusing on internal firm processes. Our
findings also show that the two project attributes are related to the level of collaboration process
formalization, which indicates that collaboration process formalization is a project-specific concept.
This contributes to the literature by highlighting the importance of considering projects attributes
when studying collaboration process formalization in OI projects.
Internal firm practices. Our empirical exploration shows that firms establish internal
organizational practices, such as knowledge incentives, for employees to ensure that knowledge is
acquired and shared throughout the course of the projects. A wide body of literature has focused on
studying how firms should collaborate with external partners [60, 61], and Foss et al. [15] proposed
internal organizational practices as a crucial factor in such collaboration. Our study contributes to this
research by emphasizing the importance of studying internal practices based on project attributes, as
firms are likely to adopt different internal practices for different types of projects.
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Overall, our study contributes to the OI literature, by studying the phenomenon at project
level, and by providing quantitative evidence that two important project attributes (project complexity
and project uncertainty) are related to the five factors for successful OI management (openness level,
external partner choice, OI mechanism choice, collaboration process formalization, and internal firm
practices) which were previously identified by firm-level research.
5.2. Implications for managers and policymakers
Our research has several implications for managers and policymakers. As project attributes
(complexity and uncertainty) are critical to the five key managerial factors in OI activities, managers
should consider them when making decisions in both the formation and the execution phases of OI.
This study provides an empirically supported framework for early-stage management decisions
related to the five managerial factors (openness level, external partner choice, OI mechanism choice,
collaboration process formalization, and internal firm practices), which are important for resource
allocation in later stages of the project and for its success. For example, when managers are dealing
with complex or uncertain projects (with regard to technologies and customer preferences), our
framework suggests that they should involve a more diverse set of external partners. In terms of
internal practices, they should give employees more rewards for acquiring and sharing knowledge
and improve communication among project members and between project members and top
managers.
Although our exploratory study is at a lower level than the focus of policymakers (i.e.,
industry and country levels), our findings have implications for policymakers making decisions about
OI that relate to broader societal challenges, such as climate, food, water, energy, and health. As
policymakers often address these challenges via projects with different levels of complexity and
uncertainty, our project-level findings can help them to decide on the managerial factors that they
may use.
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5.3. Limitations and future research
Notwithstanding its theoretical contributions, this study has some limitations. First, as the sample
only comprises OI projects undertaken by USA firms, the external validity of our findings is a
concern. Future research should replicate this study in other countries with prominent contextual
differences (e.g., national innovation system, culture of openness to external partners), such as China
or other Eastern countries. This is an important avenue for future research, because projects in
different contexts are likely to be managed differently [5, 62]. Second, even though we believe that
the four industry groups selected for this study are the most important and relevant industries for the
study of OI [40], our findings face a second threat to external validity, as OI project management can
depend on the industry in which the projects take place [62, 63]. Therefore, future research could
replicate our study in other industries. Third, since the project attributes are related to the nature of
the project, and all five managerial decisions are made after defining the project, our exploratory
study based on correlation analysis provides valuable empirical insights on the relationship between
the two project attributes and the five managerial factors. However, to ensure that this relationship is
not confounded by other factors, future studies could advance our exploratory analysis by controlling
for a set of firm- and project-level variables related to the five managerial factors. Fourth, this research
only focuses on two project attributes (project complexity and uncertainty). Despite the fact that
previous studies on OI have recognized these two project attributes as the most important [21-23],
future research should explore other attributes related to OI management and their relative
importance. Fifth, even though we cover a wide range of important types of external partners (i.e.,
users, suppliers, competitors, universities, entrepreneurs, and start-ups), future studies could
complement our findings by considering other types of external partners. In particular, non-users and
the unknown crowd can be a rich source of information for generating new ideas and project solutions
[64-71]. In particular, studying the unknown crowd would be important to understand how
crowdsourcing is related to external partner choice. Innovation contests and crowdsourcing
intermediaries can be helpful when the focal firm needs to find relevant partners from the crowd they
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do not know (i.e., when the focal firm does not know who can be helpful or is not sure about who has
the best solution) [19]. Sixth, as the data for each project were collected from a single respondent,
this study is subject to common method variance (CMV). However, most of the measures in our study
were quite objective, reducing the probability of overestimation or underestimation of the variables.
Nevertheless, future research should address this concern by using a multi-source approach for data
collection (i.e., collecting data on the project attributes and the managerial factors from two
respondents). Finally, as the data were only collected via surveys, mono-method bias is an issue.
Thus, future research should supplement these surveys with other data collection techniques, both
qualitative and quantitative.
Apart from addressing the limitations of this study, our empirical exploration has also led to
a number of interesting project-level future research opportunities in relation to the five factors for
successful OI management. Below, we provide more concrete future research avenues with regard to
these five factors.
Openness level and external partner choice. As for openness level, future studies should
explore how the cross-level interaction between project attributes and higher-level factors (e.g.,
industry and firm levels) are related to the breadth and the depth of project openness. As collaborating
with various external partners with different characteristics (i.e., portfolio approach) can create
complex relationships between the focal firm and its external partners, future research could study
how firms can create an effective portfolio of external partners for their OI projects, and how project
attributes are related to the creation of an optimal portfolio. Future research could also study whether
and how interacting with a more or fewer partners of one specific type (e.g., single or multiple
suppliers) is related to the creation of such a portfolio for OI projects. In addition, future research
could explore how project attributes and the interaction between different project attributes are related
to the nature of such a portfolio in terms of horizontal versus vertical openness or market-based versus
science-based partnerships [18].
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OI mechanism choice. As the selection of appropriate OI mechanisms has proved to be of
crucial importance in OI management [19], future studies could explore how to apply different OI
mechanisms over time in relation to different project attributes. Namely, is there a preferred sequence
of applying different OI mechanisms, and how do project attributes affect this sequence? As firms
involve external partners at various stages of their innovation processes (e.g., ideation, development,
launch) [62, 72], future research should examine the relationship between OI mechanisms and the
different innovation stages. This is an important future research opportunity, because each innovation
stage is characterized by different knowledge needs, and thus the processes of knowledge exploration
and exploitation may differ [73, 74]. Future research in this area could also explore why firms prefer
to apply more modern OI mechanisms (such as innovation contests or crowdsourcing intermediaries),
despite knowing the well-established benefits of traditional OI mechanisms (such as alliances and
contracts). Moreover, it would be relevant to enhance understanding of the best way to design the
governance (e.g., incentive systems, communication channels, and intellectual property rights) of
each OI mechanism to ensure successful collaboration with external partners.
Collaboration process formalization. As there appears to be a paradox between introducing
formalization into the collaboration process and the importance of informality and trust-based
relationships between partners [75], future research should examine whether successful OI projects
combine both collaboration process formality and informality, and how firms can manage this
potential tension. It would also be relevant to investigate the impact of project attributes and the
interaction between them on the level of collaboration process formalization.
Internal firm practices. As our study has only focused on two internal firm practices
(knowledge incentives and internal communication), future research should explore other internal
firm practices that might influence a firm’s absorptive capacity (i.e., exploration, assimilation, and
exploitation), which is crucial in OI management. For instance, it would be relevant to investigate
how human resource management practices, such as recruitment, and training and retention, should
be designed based on project attributes. Future studies may also investigate further how project
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attributes, higher-level factors, and the interaction between them are related to the adoption of such
practices.
Apart from addressing these interesting research areas related to the relationships between
project attributes and the five managerial factors, future research could also study how the five
managerial factors are interrelated. In particular, studying the relationship between the managerial
factors in the formation and execution project phases would be both conceptually and empirically
interesting [33]. For example, the level of collaboration process formalization may be contingent on
the nature of external partners [18] and OI mechanisms [19], as each partner and mechanism has
specific characteristics. Similarly, openness level can be related to both knowledge incentives and
internal communication [15]. Moreover, how does project openness relate to collaboration process
formalization and internal firm practices? Is there a preferred level of collaboration process
formalization for each type of external partner and OI mechanism?
Finally, future research could advance our findings by studying OI management in the context
of broader societal challenges [76-78]. Some of these challenges include climate, food, water, health,
wellbeing, and energy. The UN Division for Sustainable Development Goals (DSDG) has highlighted
the importance of addressing these challenges, as are becoming more urgent every day2. Addressing
these challenges requires a collaborative approach to better understand the complexity and
uncertainty of possible solutions, and thus OI can be helpful [78]. Future research could study how
OI activities could help to find relevant solutions for these challenges.
Having proposed several avenues for future research in the field of OI highlighted by our
findings, we also present some methodological suggestions to conduct such research. First, as
exploring and understanding relevant project attributes and internal firm practices requires rich data
from projects with external partners, we recommend adopting the multiple case study methodology
[79]. This methodology would be especially useful for understanding in-depth the particularities of
each project.

2
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Second, to study whether firms apply different OI mechanisms in either one particular order
or in different sequences, we suggest using sequence analysis methods. These methods attempt to
ascertain whether outcomes related to a series of activities or events occur in a particular order [80].
These methods would also be very valuable in exploring sequences of the OI mechanisms proposed
in this article, and in studying why such sequences exist based on project attributes [81].
Third, our suggestion of adopting a portfolio approach to the selection of external partners
and OI mechanisms points toward the use of configurational approaches to study key managerial
factors in OI. Correlational-based methods, such as regression analysis, present limitations and
difficulties for studying configurations and combinations of variables (i.e., how different external
partners or OI mechanisms can be combined in a project). To avoid these limitations, we suggest that
future studies apply the Qualitative Comparative Analysis (QCA) method [82, 83]. The QCA method,
as a set-theoretic method using Boolean algebra, analyzes and determines the different combinations
of variables that can result in a certain outcome. Thus, the QCA method can be very helpful in
predicting which portfolio of external partners or OI mechanisms discussed in our study firms are
more likely to create based on project attributes.
Finally, to examine the cross-level interaction between project attributes and higher-level
factors (e.g., industry or firm levels), regression-based multilevel modeling can be useful [84].
However, using regression analysis for three-way interactions or more can create difficulties with
regard to execution, statistical power, and interpretation [82]. To avoid these difficulties, we suggest
future studies should use the QCA method to examine multi-way interaction effects in this area.
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7. TABLES AND FIGURES
Table 1. Sample characteristics
Industry
Finance, Banking, and Insurance
Health Care and Social Assistance
Manufacturing
Retail/Wholesale Trade

%
24.4
13.4
33.3
28.9

Number of employees
500 - 999 employees
1000 - 4999 employees
5000 -7499 employees
7500 - 9999 employee
10000 employees or more

15.4
38.8
11.9
8
25.9

Firm’s total revenue in 2015 (USD)
$11 million-$100 million
$101 million-$500 million
$501 million-$1 billion
$1 billion-$5 billion
Over $5 billion
Respondent job position/role
Owner / CEO
Senior executive
Executive
Senior Manager
Manager or supervisor

%
23.4
18
11.8
25.9
20.9
15.9
27.9
10.4
20.9
24.9

Table 2. Correlation coefficients between the two project attributes and managerial factors
Openness Openness Diversity of Collaboration Knowledge
Internal
breadth
depth
mechanisms
process
incentives communication
formalization
Project
0.264
0.204
0.149
0.441
0.505
0.431
complexity
(< 0.001)
(0.004)
(0.036)
(< 0.001)
(< 0.001)
(< 0.001)
Project
0.229
0.137
0.131
0.481
0.472
0.570
uncertainty
(0.001)
(0.052)
(0.065)
(< 0.001)
(< 0.001)
(< 0.001)
Pearson correlation coefficient; p-value is reported in parentheses.
Table 3. Means of managerial factors for different levels of project complexity
Low project
2nd Q
3rd Q
High project ANOVA
t-test
complexity
complexity
F-value
st
(1 Q)
(Last Q)
(df = 3)
Openness
4
3.94
4.4
4.7
5.602**
Last Q > 2nd**, 1st***
breadth
3rd > 2nd+, 1st+
Openness
1.7
1.89
2.13
2.12
4.289**
Last Q, 3rd > 1st**
depth
Diversity of
2.05
1.91
2.53
2.27
2.476+
3rd > 2nd*, 1st*
mechanisms
Collaboration
5.4
5.7
6.03
6.36
20.123*** Last Q > 3rd *,2nd ***,1st***
process
3rd > 2nd+, 1st***
formalization
2nd > 1st+
Knowledge
4.4
5
5.78
6.11
21.100***
Last Q > 2nd **, 1st ***
incentives
3rd > 2nd*, 1st***
2nd > 1st+
Internal
5.61
5.86
6.18
6.41
11.031*** Last Q > 3rd +, 2nd **,1st ***
communication
3rd > 2nd+, 1st**
Q = Quartile; df = degree of freedom; + = p < 0.1; * = p < 0.05; ** = p < 0.01

***

= p < 0.001
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Table 4. Means of managerial factors for different levels of project uncertainty
Low project
2nd Q
3rd Q
High project ANOVA
uncertainty
uncertainty
F-value
st
(1 Q)
(Last Q)
(df = 3)
Openness
3.91
4.09
4.41
4.56
4.059**
Last Q > 2nd+, 1st**
breadth
3rd > 1st*
Openness
1.79
1.81
1.99
2.09
1.969
Last Q > 2nd+, 1st*
depth
Diversity of
2.12
1.88
2.3
2.31
1.375
Last Q > 2nd*
mechanisms
3rd > 2nd+
Collaboration
process
formalization
Knowledge
incentives

5.28

5.54

6.04

6.33

27.241*** Last Q > 3rd *, 2nd ***, 1st***
3rd > 2nd**, 1st***

17.740*** Last Q > 3rd *, 2nd ***, 1st***
3rd > 1st***
2nd > 1st+
Internal
5.3
5.97
6.19
6.42
23.129*** Last Q > 3rd +, 2nd **, 1st***
communication
3rd; 2nd > 1st***
Q = Quartile; df = degree of freedom; + = p < 0.1; * = p < 0.05; ** = p < 0.01 *** = p < 0.001
4.38

4.91

5.43

6.06

Table 5. Means of time spent with different external partners for four clusters of projects
Cluster 1
Cluster 2
Cluster 3
Cluster 4
ANOVA
t-test
External
(n = 41)
(n = 58)
(n = 43)
(n = 59)
F-value
partners
(df = 3)
Competitors
3.88
2.78
2.19
1.63
79.189** 1 > 2** > 3** > 4**
Universities
and public
research
organizations
Entrepreneurs
and start-ups

3.83

2.76

2.00

1.39

94.088**

1 > 2** > 3** > 4**

4.15

2.86

2.40

1.59

98.672**

1 > 2**, 3** > 4**
2 > 3*

Users

4.10

2.45

4.05

2.31

84.005**

1, 3 > 2**, 4**

1 > 2**, 3**, 4**
3 > 2**, 4**
2 > 4*
n = Number of projects in each cluster df = degree of freedom; * = p < 0.01 ** = p < 0.001

Suppliers

4.15

2.43

3.26

2.00

83.248**
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Table 6. Cross-tabulation of the two project attributes and external partner choice
External partner choice
Cluster 1

Project
complexity

High

Low

Cluster 2

Cluster 3

Cluster 4

Obs. 20

Obs. 20

Obs. 10

Obs. 10

Exp. 11

Exp. 17.6

Exp. 12.4

Exp. 19

Obs. 3

Obs. 17

Obs. 16

Obs. 30

Exp. 12

Exp. 19.4

Exp. 13.6

Exp. 21

Obs. 21

Obs. 23

Obs. 16

Obs. 11

Exp. 15.5

Exp. 21.2

Exp. 15.5

Exp. 18.9

Obs. 6

Obs. 14

Obs. 11

Obs. 22

Exp. 11.5

Exp. 15.8

Exp. 11.5

Exp. 14.1

Chi-square = 23.962, df = 3, p < 0.001

Project
uncertainty

High

Low

Chi-square = 12.771, df = 3, p = 0.005
Obs. = Observed frequency of projects Exp. = Expected frequency of projects df = degree of
freedom
Table 7. Means of project complexity and uncertainty for four clusters of projects
Cluster 1
Cluster 2
Cluster 3
Cluster 4
ANOVA
t-test
External
F-value
partners
(df = 3)
Project
6.18
5.71
5.63
5.23
9.182*** 1 > 2**, 3**, 4***
complexity
2, 3 > 4*
Project
6.16
5.73
5.85
5.47
4.164**
1 > 2*, 3+ , 4***
uncertainty
3 > 4*
df = degree of freedom + = p < 0.1; * = p < 0.05; ** = p < 0.01 *** = p < 0.001
Table 8. Means of project complexity and uncertainty for different OI mechanisms
Bilateral
contracts

Project
complexity

A
5.75

NA
5.57

t-value = -1.369
p-value = 0.173
Project
uncertainty

5.81

5.74

t-value = -0.475
p-value = 0.635
A = Applied; NA = Not Applied

Collaborative
agreements

A
5.63

NA
5.7

t-value = 0.519
p-value = 0.605
5.72

5.84

t-value = 0.835
p-value = 0.405

Innovation
contests or
crowdsourcing
intermediaries
A
NA
5.76
5.49

A
5.78

t-value = -2.042
p-value = 0.043

t-value = -1.825
p-value = 0.07

5.89

5.94

5.59

t-value = -2.105
p-value = 0.037

Corporate
innovation
communities
NA
5.54

5.6

t-value = -2.416
p-value = 0.017
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Fig. 1. Means of project openness level for high and low levels of project complexity and
uncertainty
Low project uncertainty

High project complexity

High project uncertainty

1.7
PROJECT OPENNESS
BREADTH

PROJECT OPENNESS
DEPTH

PROJECT OPENNESS
BREADTH

2.09

1.79

2.12

4

3.91

4.7

4.56

Low project complexity

PROJECT OPENNESS
DEPTH

t-value = -3.704

t-value = -3.185

t-value = -3.060

t-value = -2.181

p-value < 0.001

p-value = 0.002

p-value = 0.003

p-value = 0.031

Fig. 2. Interaction effect between the two project attributes on project openness level

Project uncertainty

Low

High
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Fig. 3. Percentage of projects applying different OI mechanisms

Bilateral contracts

48.50%

Corporate innovation communities

51.50%

collaborative agreement with external
partners

56%

Innovation Contests/crowdsouring
intermediaries

62.50%

Fig. 4. Percentage of projects for diversity of OI mechanisms applied

Four OI mechanisms

15%

Three OI mechanisms

22.50%

Two OI mechanisms

32.50%

One OI mechanism

30%

5.4

5.28

6.33

6.36

Fig. 5. Means of collaboration process formalization for high and low project complexity and
uncertainty

LOW PROJECT
COMPLEXITY

HIGH PROJECT
COMPLEXITY

t-value = -7.856
p-value < 0.001

LOW PROJECT
UNCERTAINTY

HIGH PROJECT
UNCERTAINTY

t-value = -8.095
p-value < 0.001
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Fig. 6. Means of internal firm practices for high and low project complexity and uncertainty
High project complexity

High project uncertainty
6.06

4.4

4.38

5.3

5.61

6.11

6.42

Low project uncertainty
6.41

Low project complexity

KNOWLEDGE
INCENTIVES

INTERNAL
COMMUNICATION

t-value = -7.560
p-value < 0.001

t-value = -5.344
p-value < 0.001

KNOWLEDGE
INCENTIVES

t-value = -7.486
p-value < 0.001

INTERNAL
COMMUNICATION

t-value = -7.083
p-value < 0.001

8. APPENDIX
Means of managerial factors for different levels of project complexity and uncertainty
Project complexity
Project uncertainty
st
nd
rd
st
nd
1 and 2 Q
3 and Last Q p-value 1 and 2 Q
3rd and Last Q
Openness
3.98
4.58
< 0.001
4.12
4.56
breadth
Openness depth
Diversity of
mechanisms
Collaboration
process
formalization
Knowledge
incentives
Internal
communication

p-value
0.004

1.77

2.12

0.001

1.87

2.09

0.047

2

2.37

0.017

2.12

2.31

0.24

5.5

6.22

< 0.001

5.6

6.33

< 0.001

4.61

5.98

< 0.001

4.87

6.06

< 0.001

5.69

6.32

< 0.001

5.77

6.42

< 0.001

