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2
Dimensions and dynamics of open innovation:
A systematic review of open knowledge flows
and open system architectures

ABSTRACT

INTRODUCTION

This paper offers a systematic literature review that relates two dimensions of open innovation:
open knowledge flows and open system architectures. Most open innovation research has been
dedicated to studying the effects of open knowledge flows across organizational boundaries.
However, a second dimension of open innovation, often conflated or overlooked, is whether a
technology’s or product’s system architecture is open for external actors to participate in its
development. Combining these two dimensions, we discern four models of open innovation:
restricted openness, knowledge openness, system openness, and innovation openness. Based on a
systematic review of 1,017 articles on open innovation, we describe the settings, value creation
mechanisms, and value appropriation mechanisms for each of the models. Furthermore, we review
changes over time in open knowledge flows and system architectures and analyze patterns of
increasing and decreasing degrees of openness for both dimensions mentioned in extant literature.
Our conceptual contribution explains why firms change the degrees of openness – because they
need to reconcile the tension between value creation and value appropriation in open innovation.
Furthermore, our review shows that the direction the changes take over time relates to the level of
analysis used in empirical studies. We conclude with the implications of our findings and an
agenda for future research on open innovation.

The topic of open innovation has received considerable attention in management studies and
technology and innovation management research (Bogers et al., 2017; West & Bogers, 2017; West,
Salter, Vanhaverbeke, & Chesbrough, 2014). The premise of open innovation is that an
organization’s innovation processes and outcomes can be spurred by involving external actors
(Chesbrough 2003). Often this involvement relates to the inflow and outflow of knowledge
between an organization and external actors through free transfers or monetary transactions
(Chesbrough & Bogers, 2014; Dahlander & Gann, 2010; Laursen & Salter, 2006; Perkmann &
Walsh, 2007). Thus, open innovation refers to open knowledge flows. However, a second
dimension of open innovation has also been identified in extant literature: open system
architectures. Openness of system architectures describes the extent to which an organization
allows external actors to participate in the innovation of a technology or product by giving them
access through open interfaces (Boudreau, 2010; Garud & Kumaraswamy, 1993; Van Alstyne,
Parker, & Choudary, 2016; West, 2003). Open system architectures enable the development of
compatible, interoperable, and complementary innovations by external actors, which enhance a
system’s performance or functional value (Baldwin & Clark, 2006; Boudreau, 2012; Langlois &
Robertson, 1992). Thus, instead of open innovation being a one-dimensional construct, it involves
two distinct dimensions, and these dimensions may be related in non-obvious ways.
So far, the two dimensions of open innovation have often been conflated, confused, or used
interchangeably (Baldwin & Von Hippel, 2011; Chesbrough, 2012; Mowery, 2009; Trott &
Hartmann, 2009), thereby limiting insight into the distinct effects that open knowledge flows and
open system architectures have on innovation. The difference between the two dimensions has
also been ignored in prior reviews of open innovation literature (Dahlander & Gann, 2010;
Perkmann & Walsh, 2007; Randhawa, Wilden, & Hohberger, 2016; West & Bogers, 2014), which
have been biased towards open knowledge flows. Scholars have now called for a broader scope of
open innovation research (Bogers et al., 2017). Moreover, open systems architectures have grown
in importance with the rise of open platform strategies (Gawer, 2014; Van Alstyne et al., 2016). A
systematic review of the open innovation literature can provide scholars with a better
understanding of the distinct and interdependent effects of open knowledge flows and open system
architectures and how these play out over time. Therefore we ask: How do open knowledge flows
and open system architectures interact and affect the processes and outcomes of open innovation?
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By answering this research question, we heed the call for research accumulation (Davis,

review of extant literature with a focus on longitudinal findings, to study the changes in the two

2015) through systematic research syntheses (Rousseau, Manning, & Denyer, 2008) and

openness dimensions over time. We discuss the different change patterns of open knowledge flows

conceptual development (Gatrell & Breslin, 2017), while also complementing the existing reviews

and open system architectures and how these can be conceptually explained by the tension between

of open innovation literature that have focused on open knowledge flows (Dahlander & Gann,

value creation and value appropriation in open innovation. We conclude with a discussion of our

2010; Perkmann & Walsh, 2007; Randhawa et al., 2016; West & Bogers, 2014). Our literature

main findings and contributions, a critical reflection on the state of open innovation literature, and

review of open knowledge flows and open system architectures analyzes four models of open

suggestions for future research.

innovation: restricted openness, knowledge openness, system openness, and innovation openness.
In response to the recent calls for refining the structure of open innovation constructs (Bogers et

METHODS

al., 2017; West & Bogers, 2014), we systematically review settings, value creation mechanisms,

To disentangle open knowledge flows and open system architectures in extant literature, and to

and value appropriation mechanisms for each of the four models.

develop insights in how they are related, we used systematic review methods (Booth, Papaioannou,

While analyzing the four different models of open innovation, it became clear that

& Sutton, 2012; Tranfield, Denyer, & Smart, 2003). Such a systematic literature review approach

organizations change over time in how they make use of these models, and that consistent patterns

is considered valuable for conceptual development and the synthesis of prior findings (Gatrell &

of change across open knowledge flows and open system architectures may indicate the

Breslin, 2017; Jones & Gatrell, 2014). We explain our methodology in detail to establish the

interactions that exist between them. Therefore, the second part of our systematic literature review

validity and reliability of our review and findings.

examines the effects of the changes in open knowledge flows and open system architectures over
time, thereby heeding the recent calls for studies on the dynamics of open innovation (West &

Data collection

Bogers, 2014). Our analysis shows that open innovation creates a tension between value creation

Because open innovation has received much attention from researchers, we confronted several

and value appropriation, and to address this firms have to alternate between increasing and

challenges in the collection of articles for our literature review. The high number of publications

decreasing openness of knowledge flows and system architectures over time.

and heterogeneity of topics complicated our task of finding the right search strategy and

Thus, the first contribution of our literature review is that it explains the distinct effects of

appropriate inclusion and exclusion criteria. We considered the data collection of other review

open knowledge flows and open system architectures, and organizes extant literature to provide a

articles on open innovation (Dahlander & Gann, 2010; Perkmann & Walsh, 2007; Randhawa et

point of departure for future research. Second, we offer the conceptual contribution that the two

al., 2016; West & Bogers, 2014) and we performed several pilots to experiment with search

open innovation dimensions are interdependent, which means that organizations have to change

strategies, varying databases, keywords, and journals. From these pilots we concluded that there

their degree of openness over time. Third, in keeping with recent suggestions to attend to levels of

was a thin line between being too inclusive and too exclusive in the collection of articles; we opted

analysis in open innovation research, we find that the pattern in which the dimensions evolve

to be inclusive so that we did not miss out on relevant contributions (Booth et al., 2012).

depends on the level of analysis used in studies (Bogers et al., 2017; West et al., 2014).

We decided on the following data collection strategy. First, in line with other systematic

The structure of our paper is as follows: We begin with an overview of the methods used.

literature review studies (Berends & Antonacopoulou, 2014; Keupp, Palmié, & Gassmann, 2012;

We then present the findings of our systematic literature review, which includes an overview and

Marabelli & Newell, 2014; Savino, Petruzzelli, & Albino, 2017), we chose to use the ISI Web of

critical discussion of the settings, value creation mechanisms, and value appropriation mechanisms

Science database to collect extant literature on open innovation. Second, compliant with our goal

for the four open innovation models. This is followed by a reflective section in which we discuss

of being inclusive, we searched the topic field (which includes title, author keywords, keywords

some intermediate conclusions from our review. These intermediate conclusions motivate our

plus, and abstract) using the broad combination of search terms: (open* OR close*) AND (innov*).
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FIGURE 1
Distribution of publications over time

Third, following other systematic literature review studies (Keupp et al., 2012; Savino et al., 2017),
we decided to include only articles falling under the ‘management’ category in the ISI Web of
Science database to exclude articles from disciplines not pertinent to organizational management
theory and technology and innovation management. Fourth, our search strategy covered all articles
published up to and including August 2017. This led to the inclusion of 2,739 articles, which we
reduced to 2,449 after deleting duplicates and empty records.
Given the large number of articles in our sample, we concluded that any exclusion based
on number of citations or journals would potentially result in an inaccurate representation of how
the open innovation concept was used in extant literature. Thus, we decided to narrow down our
sample to articles of topical relevance. For this purpose, we read the title, keywords, keywords
plus, and the abstract of each of the 2,449 articles in order to identify and filter out false positives.
This resulted in 1,091 articles being included for the full-text analysis. Throughout the full-text
analysis, we further excluded articles that did not study or make a contribution to open innovation
literature, which left a total of 999 publications in our literature review.
Another objective of our literature review was to look at the dynamics of open innovations,
in particular how openness changes over time. During our data analysis of these 999 articles, we

Data analysis

concluded that despite our broad inclusion efforts, the number of studies with longitudinal findings

Our systematic literature review is based on the full-text analysis of 1,017 articles. Reading

was not enough to perceive a pattern. We manually included additional open innovation articles

through the full-text, we coded each article based on whether it described open knowledge flows

with longitudinal findings by studying the citations of articles that looked at changes in openness

or open system architectures. Although the two dimensions of open innovation are both

over time, a technique called backward snowballing (Greenhalgh & Peacock, 2005), which

continuous, we made a contrast between the two opposite ends: high and low openness of

iteratively continued until we reached saturation. Through this procedure we added an additional

knowledge flows and high and low openness of system architectures. We thereby conceptualized

18 articles. The final number of articles in our study was 1,017.

four basic models of open innovation. Some articles included findings with varying descriptions

Figure 1 provides an overview of the distribution over time of these open innovation

of openness of knowledge flows and system architectures, and some included distinct samples or

articles. Interestingly, the earliest article that our search elicited was published in 1990, much

cases. In these cases, we coded separately for each openness dimension and open innovation

before Chesbrough’s (2003) seminal book.

model. As a result, some articles’ findings were related to both of the open innovation dimensions,
or multiple models.
Besides coding for open knowledge flows and open system architectures, we decided to
code in an explorative manner for the settings and the effects of openness on innovation described
in the articles. Since several articles mentioned Teece’s (1986) concepts of value creation and
value appropriation, we decided to use and systematically code for these constructs to
conceptualize the distinct effects of open knowledge flows and open system architectures on
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innovation. For the articles describing changes in openness over time, we coded for the direction

FINDINGS

of change and created annotations with brief explanations for why the changes had taken place.

Combining the two open innovation dimensions allowed us to distinguish between four models of

Throughout the coding we observed that extant literature discussed open innovation on

open innovation (see Figure 2). The first model is called restricted openness, where the low

different levels of analysis. We tried to distinguish between the levels of analysis of open

openness of both dimensions links to the development of proprietary innovations. The second

innovation (Bogers et al., 2017; West et al., 2014) and discerned three different levels in studies

model is knowledge openness, in which innovation stems from openness of knowledge flows

on openness of knowledge flows: organizational, project, and industry levels of analysis. We

across organizational borders without making the system architecture of a product of technology

discerned two levels of analysis in prior studies on open system architectures: platform and

open to external innovators. Innovation in the system openness model happens when high openness

component levels of analysis. We also coded for the effects of changes between high and low

of system architecture allows external actors to develop compatible, interoperable, or

openness of knowledge flows or system architectures on value creation and value appropriation.

complementary innovations for a technology or product, but without extensive knowledge sharing.

We continued with iterations of our analysis until we found saturation in the concepts and

The fourth model is called innovation openness, where the high openness on both dimensions

we concluded that the concepts we identified were mutually exclusive and collectively exhaustive.

yields a highly distributed and collaborative innovation process. The next section provides a more

Table 1 gives an overview and definition of all the coding constructs and the definitions we used

detailed description of these four combinations. Table 2 gives an overview of the findings of our

in our systematic review.

systematic literature review for each of these models of open innovation.
TABLE 1
Overview of coding constructs

Construct
Open knowledge flows

Open system architectures

Settings
Value creation mechanisms
Value appropriation mechanisms
Changes in openness over time
Organizational level of analysis
Project level of analysis
Industry level of analysis
Platform level of analysis
Component level of analysis
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Definition
Organizations sharing knowledge from and to external actors through free
transfers or monetary transactions
– Low: no knowledge flows across organizational borders or only with a
restricted set of actors
– High: knowledge flows across organizational borders through free
transfers or monetary transactions
Organizations allowing external actors to develop compatible, interoperable,
and complementary technologies or products
– Low: external actors cannot participate in innovation because the system
architecture has no open interfaces or integrated open standards
– High: external actors can participate in innovation due to the open
interfaces or integrated open standards in the system architecture
The phenomena and settings in which innovations are developed
Mechanisms that allow actors to create innovations with value for
stakeholders
Mechanisms that allow actors to extract profit or benefit from innovations
A change in the degree of openness between two distinct moments in time in
a particular case setting or sample
A study of openness in an organization as a whole, including its multiple
functional structures
A study on openness in an innovation project
A study on openness in an industry
A study on openness of a product or technology platform
A study on openness of a product or technology platform component

FIGURE 2
Two dimensions and four models of open innovation
Openness of
system architectures
High

Low

High
Innovation
openness

Knowledge
openness

System
openness

Restricted
openness

Openness of
knowledge flows

Low
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TABLE 2
Overview of main findings of systematic literature review on open innovation
Settings

Value creation
mechanisms

Value
appropriation
mechanisms

Restricted openness Knowledge openness
– High-cost or complex – Interorganizational
innovations
sourcing
– Single-user
– Science-industry
innovations
collaboration
– Crowdsourcing
– System integrity
– Access to diverse
– Control knowledge
knowledge
interdependencies
– Deep knowledge
sharing

– Proprietary
intellectual property
rights
– Informal protection
mechanisms

Representative Brusoni & Prencipe,
articles
2006; Manzini et al.,
2017; Pil & Cohen,
2006
Publications*

140 (40)

System openness
Innovation openness
– Product or
– Open source software
technology platforms development
– Open standards
– User innovation
communities
– Open science
– Distributed
– Distributed
complementary
collaboration
innovation
– Community-based
– Specialization
innovation
– Compatibility and
– Parallel
interoperability
experimentation
– Network effects
– Transfer or
– Proprietary
– General Public
combination of
complementary
License
intellectual property
innovations
– Private-collective
rights
– System access
incentives
– Organizational
regulation
governance structures – Intertemporal
benefits
Dahlander & Gann,
Boudreau, 2010; Garud Jeppesen &
2010; Dodgson et al., & Kumaraswamy,
Frederiksen, 2006;
2006; Laursen &
1993; West, 2003
Owen-Smith & Powell,
Salter, 2006
2004; Von Hippel &
Von Krogh, 2003
760 (576)
124 (51)
247 (129)

*Number between parentheses indicates the sum of articles focused on the model

firms don’t have to compromise on quality as a result of required compatibility with external
parties’ requirements (Felin & Zenger, 2014). A second value creation mechanism is that
organizations can control knowledge interdependencies, for example, when innovations require
knowledge and expertise of innovators with different disciplines (Brusoni & Prencipe, 2006;
Cooper, 2008; O’Connor, 1998).
Firms using restricted openness can seize benefits from value appropriation mechanisms
such as the proprietary intellectual property rights they can obtain for their innovations. Examples
of these are patent protection and copyrights (Andries & Faems, 2013; Ernst & Fischer, 2014).
Also informal protection mechanisms such as trade secrets, first-mover advantages, and lead times
are value appropriation mechanisms of restricted openness (Henderson, 1999; Manzini et al.,
2017).
Knowledge openness model
We identified 760 articles that study innovation in the knowledge openness model, that is, with
high openness of knowledge flows and low openness of system architectures. A first setting is
interorganizational sourcing, which describes knowledge flows between two or more
organizations (Chesbrough & Crowther, 2006; Laursen & Salter, 2006). Typical knowledge
sharing practices in this setting are buying and selling of knowledge (Cassiman & Valentini, 2016;

Restricted openness model

Dahlander & Gann, 2010), but also knowledge sharing in interorganizational structures such as

We identified 140 articles that reported findings related to the restricted openness model.

research and development (R&D) alliances, equity joint ventures, and project-based organizations

Restricted openness typically includes cases where a single firm invents, develops, and

(Gemünden, Heydebreck, & Herden, 1992; Hopkins, Tidd, & Nightingale, 2011). A second setting

commercializes an innovation without involving external actors. Our review found restricted

is science-industry collaboration (Grimpe & Hussinger, 2013; Lee, 1996; Laursen & Salter, 2004),

openness dominant in settings where high-cost or complex innovations are developed (Manzini,

where collaborative R&D, human mobility, and cross-domain licensing are examples of open

Lazzarotti, & Pellegrini, 2017; Pil & Cohen, 2006). A second setting is single-user innovations,

knowledge flows between science and industry (Agrawal, 2006; Fontana, Geuna, & Matt, 2006;

which are innovations for a firm’s internal use – for example, process innovations (Baldwin &

Perkmann & Walsh, 2007). Crowdsourcing is the third setting (Malhotra & Majchrzak, 2014),

Von Hippel, 2011; De Jong & Von Hippel, 2009).

which includes projects with open knowledge flows between organizations and a large number of

Value creation mechanisms associated with restricted openness include the system integrity

diverse external experts and innovators. Examples of this setting are idea competitions (Piller &

of the innovation (Almirall & Casadesus-Masanell, 2010; Ethiraj, Ramasubbu, & Krishnan, 2012).

Walcher, 2006), firm-hosted virtual communities (Nambisan & Baron, 2009; Wiertz & De Ruyter,

During innovation, firms can rely on integrated design approaches to accommodate all

2007), co-creation platforms (Füller, Matzler, & Hoppe, 2008; Lee, Olson, & Trimi, 2012), and

interdependencies between system components where dedicated teams can solve problems that

problem-solving contests (Jeppesen & Lakhani, 2010).

may emerge due to interdependencies in design (Pil & Cohen, 2006; Prencipe, 1997). This way
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The essence of open knowledge flows is that they enable organizations to benefit from

System openness model

external knowledge that has complementary or substitutive value to the internal innovation process

In our review, we analyzed 124 articles that describe innovation from open system architectures.

(Cassiman & Valentini, 2016; Dahlander & Gann, 2010). Access to diverse knowledge is the first

The settings described in these studies were product or technology platforms (Langlois &

value creation mechanism we identified, where open knowledge flows give firms opportunities to

Robertson, 1992; West, 2003) and open standards (Funk, 2003; Leiponen, 2008). Open system

share with and combine knowledge from various heterogeneous actors, such as suppliers,

architectures allow external actors to develop compatible, interoperable, and complementary

scientists, customers, and competitors (Ghisetti, Marzucchi, & Montresor, 2015; Laursen & Salter,

innovations for technology or product system architectures (Boudreau, 2010; Garud &

2006). Diversity can be realized by creating a diverse alliance portfolio (Faems, De Visser,

Kumaraswamy, 1993; West, 2003). Examples of open system architectures are platforms with

Andries, & Van Looy, 2010), cross-industry partnerships (Enkel & Gassmann, 2010), or broad

application programming interfaces (APIs) that can be used by external innovators (Van Alstyne

participatory crowdsourcing projects (Jeppesen & Lakhani, 2010). Deep knowledge sharing is the

et al., 2016), like independent developers who develop apps for Apple iPhones (Ghazawneh &

second value creation mechanism associated with open knowledge flows. Firms create value

Henfridsson, 2013). If the open system architecture has an appropriate modular design, external

through intensive knowledge sharing back and forth with external experts and specialists (Mitchell

innovations can be developed relatively autonomously (Baldwin & Clark, 1997; MacCormack,

& Singh, 1996). This value creation mechanism is strongly present in science-industry

Rusnak, & Baldwin, 2006). With the exception of sharing the interface specifications of the open

collaborations (Grimpe & Hussinger, 2013; Meyer-Krahmer & Schmoch, 1998; Perkmann &

system architecture, open knowledge flows between actors are not required for this form of open

Walsh, 2007), and is also representative of interorganizational sourcing (Alexy, George, & Salter,

innovation (Baldwin & Von Hippel, 2011; Van Alstyne et al., 2016). In other words, innovation

2013; Bozdogan, Deyst, Hoult, & Lucas, 1998). Such deep knowledge sharing practices typically

from open system architectures does not necessitate knowledge sharing but, instead, requires a

lead to long-term collaborative innovation trajectories with more knowledge interdependencies

firm and external actors to ensure their innovations are compatible or interoperable.

between partners being created (Fleming & Sorenson, 2004; Laursen & Salter, 2006).

A first value creation mechanism we identified for the system openness model is

One value appropriation mechanism of knowledge openness is the transfer or combination

distributed complementary innovation. Boudreau (2010), for example, found that open system

of intellectual property rights, for example, through collaborative patenting and in- and out-

architectures increased the development of complementary innovations by external actors by a

licensing (Chesbrough & Garman, 2009; Felin & Zenger, 2014; Laursen & Salter, 2014). Different

factor of 4.6. Similar findings of distributed complementary innovation are found in studies of

from restricted openness, value appropriation under open knowledge flows typically requires a

game platforms with open system architectures (Arakji & Lang, 2007; Prügl & Schreier, 2006;

firm to give up the sole proprietary rights over an innovation and find ways to make sure all the

West & Gallagher, 2006). The second value creation mechanism is specialization, where open

actors derive some type of benefit from the innovation (Saebi & Foss, 2015; Zobel, Lokshin, &

system architectures allow for value creation by external innovators that serve niche markets

Hagedoorn, 2017). Value appropriation becomes increasingly complex when innovations develop

(Garud & Kumaraswamy, 1993). Boudreau (2012), for example, found that for open system

from open knowledge flows between many parties looking to retain the same type of benefits

architectures, external innovators tend to keep a narrow scope and increasingly specialize in their

(Giarratana & Mariani, 2014). This may require the creation of organizational governance

complementary innovations over time. The third value creation mechanism in this model is

structures, such as research partnerships and R&D alliances, as a more rigid value appropriation

compatibility and interoperability of innovations. Compatibility between innovations, for

mechanism to reduce the chances of opportunism (Gerwin & Ferris, 2004; Oxley & Sampson,

example, through the adoption of open standards, allows for flexibility (Leiponen, 2008) and

2004).

modular upgradability of prior innovations with new ones (Garud & Kumaraswamy, 1993, 1995).
Interoperability between innovations allows for cumulative value creation (Murray & O’Mahony,
2007) and experimentation and competition between external developers (West, 2003). Network
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effects are a fourth value creation mechanism of open system architectures, where the value of an

which include firm-hosted online collaborations (Jeppesen & Frederiksen, 2006; Langner &

innovation for different users becomes higher with increasing adoption by other users and

Seidel, 2014; Spaeth, Von Krogh, & He, 2015) and content platforms (Faraj, Jarvenpaa, &

complementors (Boudreau, 2012; Van Alstyne et al., 2016).

Majchrzak, 2011). Offline user innovation communities are described in studies on windsurfing

Innovation through open system architectures can increase the adoption of the product or

and the rodeo kayak industry (Hienerth, 2006; Hienerth & Lettl, 2011; Von Hippel, 2001). Open

technology platform on both the supply- and demand-side, but it can also reduce the value that can

science is the third setting. Open science constitutes networks of scientists – and commercial

be captured compared to keeping the technology’s system architecture closed and proprietary. One

organizations in some cases – with strongly institutionalized norms of open knowledge sharing

value appropriation mechanism available to a firm is to develop proprietary complementary

through academic publications and open accessibility to the intellectual property for reuse of the

innovations (Henkel, Baldwin, & Shih, 2013; West, 2003). If a firm manages to develop a steady

innovation (Breschi & Catalini, 2010; Fabrizio & Di Minin, 2008; Franzoni & Sauermann, 2014;

stream of proprietary complementary innovations for a system, the absence of open knowledge

Gittelman, 2007; Owen-Smith & Powell, 2004; Perkmann & Schildt, 2015).

flows can provide a temporary monopoly position (Garud & Kumaraswamy, 1993). A second

The first value creation mechanism of the innovation openness model is distributed

value appropriation mechanism is system access regulation. Owners can decide on the access rules

collaboration. In open source software development, for example, innovators are distributed

of the open system architecture, which gives them power to demand, for example, a certain

across the globe but writing innovative source code happens through loose and intensive

percentage over the revenue created by external innovations or transparent access to the knowledge

collaboration between actors from various knowledge and expertise domains (Von Hippel & Von

underlying the innovation (Boudreau, 2010; Ghazawneh & Henfridsson, 2013; Van Alstyne et al.,

Krogh, 2003; Von Krogh, Haefliger, Spaeth, & Wallin, 2012). Distributed collaboration includes

2016). A third value appropriation mechanism we identified in the studies on open system

mundane tasks like bug fixing (Lee & Cole, 2003), as well as collaboration between experts in the

architectures is intertemporal benefits. Open system architectures can provide a firm with the

development of innovative source code (Von Krogh, Spaeth, & Lakhani, 2003). Community-based

assurance of compatibility and interoperability with future innovations (Funk, 2003; Leiponen,

innovation is the second value creation mechanism, which includes community norms of open

2008). On a similar note, intertemporal benefits may occur when the lessons learned can be

knowledge sharing, self-monitoring behavior, norms of critical evaluation, and coordination

transferred to a different open or proprietary system architecture (Garud & Kumaraswamy, 1993).

through lateral authority (Dahlander & O’Mahony, 2011; Murray & O’Mahony, 2007; OwenSmith & Powell, 2004; Von Hippel & Von Krogh, 2003). Open knowledge flows and open system

Innovation openness model

architectures provide innovators full transparency and accessibility to others’ innovations, which

Our literature review includes 247 articles that can be categorized under the innovation openness

makes parallel experimentation the third value creation mechanism (Shaikh & Vaast, 2016).

model as their findings describe both open knowledge flows and open system architectures. Open

Parallel experimentation can take place because innovators can easily copy, combine, or transform

knowledge flows imply that knowledge and information on the innovation is transparent and

innovations, thereby creating value without harming others’ work. Although typical to online

visible to all. Openness of system architectures makes the innovation accessible for all interested

activities, parallel experimentation is also found among offline activities, such as extreme sports

actors to modify, develop, complement, and distribute (Baldwin & Von Hippel, 2011). A

and the development of medical equipment (Hienerth & Lettl, 2011).

prominent setting studied in extant literature is open source software development (O’Mahony &

With open knowledge flows and open system architectures, innovations are public goods,

Bechky, 2008; Von Hippel & Von Krogh, 2003). Openness of knowledge flows includes both the

and benefits are primarily collective and generalized (Baldwin & Von Hippel, 2011). The General

software code as well as full transparency of knowledge shared between developers in public

Public License (GPL) acts as a typical value appropriation mechanism for capturing these

mailing lists, online forums, or in using the code itself (Henkel, 2006; MacCormack et al., 2006;

collective benefits (Lee & Cole, 2003). GPL protection also automatically applies to derivative

Shaikh & Vaast, 2016). The second setting is user innovation communities (Von Hippel, 2007),

work (Osterloh & Rota, 2007). Because proprietary rights cannot be obtained, it is difficult for
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organizations to appropriate value in the innovation openness model. Private-collective incentives

system access. Hence, opening knowledge flows and system architectures creates tension between

are described by Von Hippel & Von Krogh (2003) as a value appropriation mechanism for

value creation and value appropriation for firms.

individuals – less so for commercial organizations (Von Hippel & Von Krogh, 2006) – in

The tension between value creation and value appropriation is highest when both

innovation openness. These private-collective incentives include: perceived satisfaction and

dimensions are open. In the innovation openness model, firms can benefit from a combination of

freedom, learning and skill development, acknowledgment by others, reputational gains, and

value creation mechanisms of the knowledge and system openness models. Value creation from

signaling competence (Gittelman, 2007; Jeppesen & Frederiksen, 2006; Langner & Seidel, 2014;

distributed collaboration, for example, stems from a combination of having access to diverse

Roberts, Hann, & Slaughter, 2006; Shah, 2006; Von Hippel & Von Krogh, 2003).

knowledge and deep knowledge sharing through open knowledge flows and distributed
complementary innovation and specialization through open system architectures. The value

Reflection on two openness dimensions and four open innovation models

appropriation mechanisms of the innovation openness model are, however, not commercially

Our analysis and clustering of extant literature around the four open innovation models allowed us

appealing to firms. Hence, with both dimensions open, the value creation opportunities are

to draw several intermediate conclusions. We found an uneven distribution of articles across the

abundant for firms, but the value appropriation opportunities are limited. This tension between

four models (see Table 2). Clearly, the knowledge openness model has received the most attention

value creation and value appropriation can motivate firms to change the openness of the

in extant research with more than half of the open innovation articles studying only the effects of

dimensions over time. In the next section of our literature review, we report the findings of our

open knowledge flows. Among the other models, studies on innovation openness are higher,

review of articles studying changes in open knowledge flows and open system architectures over

primarily due to high scholarly interest in open source phenomena in the past decade. Within our

time. This allows us to explain how firms deal with the tension between value creation and value

sample, there are fewer articles on restricted openness and system openness relative to the other

appropriation in open innovation.

models. Knowledge openness has been studied more in isolation, whereas the other three models
have typically been studied together or in contrast with another model (see Table 2).

CHANGES OVER TIME IN OPEN INNOVATION DIMENSIONS

A consequence of the lack of comparative studies between the four open innovation models

Another objective of our systematic literature review on open innovation was to look at the changes

is that extant literature does not clearly explain what makes a firm decide to select one model over

of openness over time. Below we discuss the patterns of changes over time in open knowledge

another or make more nuanced decisions about the degrees of openness. Our overview of value

flows and open system architectures that we found in extant literature. Our analysis illuminated

creation and value appropriation mechanisms that underlie the models offers the conceptual basis

different patterns of opening and closing of the two dimensions. We also found the patterns to be

to establish further insight in such choices. It is apparent that tension exists between the value

related to the level of analysis at which open innovation is studied.

creation mechanisms and value appropriation mechanisms in and among the open innovation
models. For example, when a firm opens up knowledge flows it loses control over knowledge

How open knowledge flows change over time

interdependencies and gives up its full proprietary intellectual property rights. Yet, the firm gains

Chesbrough’s (2003) arguments on open innovation have a temporal dimension, as he states that

an opportunity to create value from access to diverse knowledge and deep knowledge sharing,

firms are increasingly opening up boundaries to exchange knowledge with external actors. Basing

together with the transfer or combination of intellectual property rights. With open system

his arguments on studies of large incumbent organizations, Chesbrough (2003) has suggested a

architectures, firms give up on system integrity and informal protection mechanisms, but seize

pattern of monotonous change, describing a shift from a closed to an open innovation process in

compatibility and interoperability with other innovations, and derive benefits from controlling

all functional areas of the firm. This development of firms towards more open knowledge flows
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has subsequently been reported in several studies (Cassiman & Valentini, 2016; Chesbrough &

(2015), they found users to be a relevant external knowledge source for firms during

Crowther, 2006; Dahlander & Gann, 2010; Laursen & Salter, 2006; Perkmann & Walsh, 2007).

commercialization.

On closer inspection, most of the studies on open knowledge flows pertain to an

Shifting focus from the organizational and project level to the industry level of analysis,

organizational level of analysis. Dodgson, Gann, and Salter (2006), for example, show evidence

open innovation research reports a closing of knowledge flows as innovations mature. Owen-Smith

of this in their four-year case study of Procter & Gamble. They found more knowledge sharing

and Powell (2004), for instance, found that knowledge sharing between organizations in the Boston

with a greater number of actors and increased intensity over time. Dittrich and Duysters (2007)

biotechnology industry decreased between 1988 and 1998. Over time, distinct clusters of

report an almost doubling of Nokia’s degree of open knowledge flows at the organizational level,

organizations emerged in the industry and actors shared knowledge with organizations inside their

from 25 alliances in the period 1985–1996 to 48 alliance agreements in the period 1997–2002. A

cluster but not with organizations in other clusters. Owen-Smith, Riccaboni, Pammolli, and Powell

study by Love, Roper, and Vahter (2013) gives a nuanced view of the changes over time of open

(2002) report similar findings in a comparative study of U.S. and European life sciences networks.

knowledge flows at the organizational level. Using longitudinal survey data from 1,064 Irish

Christensen, Olesen, and Kjær (2005) found diminishing knowledge flows in the specialized

manufacturing firms, the authors found a stable evolution of open knowledge flows with slight

amplification technology industry between 1990 and 2005. After its invention, the technology got

fluctuations reported from 1994–2008. In sum, our literature review found that studies using an

patented by several SMEs, and then was further developed and commercialized in closed and

organizational level of analysis and mentioning changes over time, report a consistent shift of

strictly governed collaborations.

organizations in one direction: from closed to open knowledge flows.

Our literature review of longitudinal studies found a relationship between how open

A different pattern of change can be found in extant literature that uses a project level of

knowledge flows change over time and the level of analysis used in the study. Studies using an

analysis to study open knowledge flows. A project level of analysis includes a focus on open

organizational level of analysis report a movement from closed to open knowledge flows. In

innovation in interorganizational innovation teams, project activities in joint ventures or R&D

contrast, studies using a project level of analysis mention the tendency of closing knowledge flows

alliances, and crowdsourcing projects (Gerwin & Ferris, 2004; Hopkins et al., 2011). Articles that

over time. Similarly, in studies with an industry level of analysis, knowledge flows were found to

use a project level of analysis report a closing of knowledge flows as open innovation projects

change from open to closed over time as the innovation and industry matured.

progress. Oxley and Sampson (2004), for example, found in their study on R&D alliances that
firms predominantly shared knowledge in pre-competitive stages, and less so in later

How open system architectures change over time

commercialization stages when they were competing on value appropriation. In their study on new

Most open innovation articles that discuss changes in open system architectures use a platform

entrants in the solar industry, Zobel, Balsmeier, and Chesbrough (2016) found that firms with large

level of analysis. Here, open innovation is studied for a product, technology, or standard

stocks of proprietary patents had higher open knowledge flows in early-stage R&D than during

(Boudreau, 2010; West, 2003). These articles mention a permanent shift from closed to open

commercialization. In a comparative case study of eight user involvement projects, Bosch-

system architectures. Boudreau (2012), for example, found a yearly increase of external

Sijtsema and Bosch (2015) analyzed open knowledge flows in the predevelopment, development,

complementary innovations from 1999–2004 after eight mobile platforms opened their system

and commercialization stages with knowledge sharing intensity becoming less in each successive

architectures. Similarly, Langlois and Robertson (1992) show how the adoption of open standards

stage. Love, Roper, and Bryson (2011) mention a similar finding, showing that as innovations

by firms in the high-fidelity systems and microcomputers industries catalyzed collaboration with

develop towards commercialization over time, the number and intensity of open knowledge flow

external innovators. A similar dynamic is reported by Garud and Kumaraswamy (1993) for Sun

relationships decrease. Specifically, Love et al. (2011) found closed activities to become more

Microsystems and other firms in the computer workstation industry, and by Funk and Luo (2015)

important in the later stages of innovation projects but, similar to Bosch-Sijtsema and Bosch

for organizations in the U.S. semiconductor industry.
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In contrast to the platform level of analysis, extant literature that has studied innovation

In a study of four software integration projects between SAP and alliance partners,

using a component level of analysis describes a more alternating process between open and closed

Grunwald and Kieser (2007) describe how moving from open to closed knowledge flows over

system architectures by firms. Ghazawneh and Henfridsson (2013), for example, studied how

time decreased the time to market of innovations created through open system architectures. Thus,

Apple opened different components of its iOS platform between July 2008 and March 2010. The

being open on both dimensions in the early stages of the innovation project increased value

authors found that the Apple iOS platform architecture at large became more open, and describe

creation; but by reducing openness of knowledge flows over time more value could be

how components of the system architecture alternated between being more open and more closed

appropriated from open system architectures in the later stages of the innovation. Similarly, both

over time. West (2003) presents a similar finding by describing how the system architectures of

Bozdogan et al. (1998) and Mikkola (2003) mention the relevance of open knowledge flows

Apple, IBM, and Sun computers all became more open over time, but had system components that

between firms in the early stages of innovation to foster learning, and find that reducing open

alternated between being open and closed at different moments in time. Studying the evolution of

knowledge flows over time allows the parties to appropriate more value from innovations with

components in the system architectures of 17 different software products, Baldwin, MacCormack,

open system architecture.

and Rusnak (2014) found fluctuations of the systems’ number of open components. This indicates
an alternating by firms between opening and closing system architectures.

The interactions between the changes in open knowledge flows and open system
architectures over time shows the significance of the tension between value creation and value

Through a review of articles that studied changes of open system architectures over time,

appropriation in open innovation. With both dimensions open, there are many value creation

we find a unidirectional shift from closed to open systems on a platform level of analysis. On a

opportunities for firms, as well as less meaningful value appropriation mechanisms. In order to

component level of analysis, however, a shifting pattern between closed and open system

reap the benefits of both open knowledge flows and open system architectures, and seize the

architectures is reported in extant literature. In summary, the pattern in which open system

positive interaction effects between them, firms need to dynamically open and close the two

architectures develop and change over time depends on the level of analysis used.

dimensions. Garud et al. (2002), for example, describe how moving from closed to open
knowledge flows increased value creation from open system architectures in Java. Paradoxically,

Interactions between changes of the two openness dimensions over time

subsequent changes from an open to a closed system architecture for Java brought more value

Along with the findings for each individual dimension, we discovered interaction effects between

appropriation benefits to Sun Microsystems from the open knowledge flows.

the changes in open knowledge flows and open system architectures in extant literature. For

Thus, our review of the interactions shows how firms need to balance the two open

example, Garud, Jain, and Kumaraswamy (2002) describe how Sun Microsystems in 1995

innovation dimensions, which requires actively changing between more open and more closed

complemented the open system architecture of Java with open knowledge flows, by allowing

knowledge flows and system architectures. There is a thin line between creating enough value and

external developers to download the software for free and providing them with Java development

too much value that can still be matched with the available value appropriation mechanisms at

tools, courses, and partnerships to make it easy for them to learn and use Java. Higher design

hand.

flexibility for external innovators was the benefit derived from both dimensions being open.
However, Sun soon realized that by making Java too open, it had lost control over the innovation

DISCUSSION

process and outcomes. In December 1996, to prevent fragmentation, Sun decided to close the

Prior studies on open innovation find that collaboration with actors outside organizational

system architecture of Java by introducing a mandatory compatibility test for external innovations.

boundaries has many potential benefits for innovation. The majority of this research has focused

Thus, closing the system architecture after opening knowledge flows led to more value

on the effects of open knowledge flows across organizational boundaries (Chesbrough & Bogers,

appropriation for Sun Microsystems.

2014). Recently, open innovation scholars have extended their research to include other
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phenomena such as collaboration around platforms (West & Bogers, 2014). Specifically, calls have

dynamically open and close knowledge flows and system architectures to optimally benefit from

been made recently to theorize this broader scope of open innovation research and explicate

open innovation. We suggest that future research can advance our knowledge by exploring the

differences (Bogers et al., 2017; West & Bogers, 2017).

interaction effects between the two openness dimensions and by studying how firms deal with the

The first contribution of our literature review heeds scholars’ calls by dividing open

tension between value creation and value appropriation.

innovation into a two-dimensional construct of open knowledge flows and open system

Building on the previous point, another contribution of our systematic literature review is

architectures. More than half of the studies included in our literature review focused exclusively

that we highlight the importance of studying changes over time in open knowledge flows and open

on open knowledge flows, which shows a significant imbalance in prior research on the two open

system architectures. The longitudinal dynamics of open innovation have frequently been

innovation dimensions (see Table 2). Our literature review highlights how open innovation also

overlooked in studies on open innovation, as is evident from the need to include extra articles in

takes place through open system architectures, without a need for open knowledge flows. We

our literature review. We hope our review inspires future research to see open innovation as a

encourage future research to further explore this dimension of open innovation and thereby reduce

dynamic construct, which includes many opportunities to study how opening and closing

this imbalance. By interrelating the two dimensions and clustering extant open innovation

knowledge flows and system architectures over time allow organizations to deal with the tension

literature, we describe four different models of open innovation (see Figure 2), each with its

between value creation and value appropriation. We encourage future studies to collect rich

particular settings, value creation, and value appropriation mechanisms (see Table 2). This will

longitudinal data and use process analysis (Langley, 1999) to study the patterns through which

allow future research to locate cases and findings more systematically relative to the two openness

organizations dynamically open and close knowledge flows and system architectures over time.

dimensions. Moreover, we critically note that prior research often studied multiple models

Another valuable contribution of our literature review is that it highlights the importance

simultaneously without specifying if and how transitions between models took place. We hope

of the level of analysis in open innovation research. We find that the level of analysis in the study

that by explicitly highlighting the differences between the four open innovation models described

determines how open innovation changes over time. Specifically, we analyze patterns of opening

in our literature review, future research will be encouraged to distinguish between the different

and closing, and find that the direction depends on the level of analysis used in the study. For

models and also study transitions between them over time. We are confident this will lead to further

example, prior research assumed organizations are increasingly opening knowledge flows in

refinement of settings, value creation mechanisms, and value appropriation mechanisms, thereby

innovation, but our systematic review finds patterns of closing of knowledge flows over time on

improving the construct clarity of open innovation.

the project and industry level of analysis. Because the importance of the level of analysis has

Whereas the majority of prior research studied the separate effects of open knowledge

typically been overlooked in extant literature, we encourage future research to foster

flows and open system architectures, our review suggests that a joint consideration may give a

methodological precision. In line with West et al. (2014), we suggest the adoption of multi-level

clearer picture of the interaction effects of the two open innovation dimensions. Our review of

research in future open innovation studies.

extant literature shows how difficult it is for firms to be open on both dimensions due to the tension

The contributions and opportunities for future research highlighted in our literature review

between value creation and value appropriation in open innovation. Research has not yet addressed

make up a broad agenda for open innovation research in the years to come. This agenda includes

this point sufficiently, and we lack an understanding of how firms deal with this tension. As a first

the adoption and further refinement of the two openness dimensions and the distinct elements of

attempt to address this knowledge gap, we have synthesized prior longitudinal studies of open

the four open innovation models, a focus on the dynamics of open innovation by looking at changes

innovation into a conceptual contribution that points at the dynamic nature of the open innovation

in the openness of knowledge flows and system architectures over time, longitudinal data

construct. Firms change the degree of openness of knowledge flows and system architectures over

collection and process analysis, and precise methodological considerations around the level of

time to address the tension between value creation and value appropriation. Hence, they need to

analysis used in open innovation studies. Our study of extant literature showed that open
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innovation is a dynamic construct with relevant interaction effects between open knowledge flows
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