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Abstract

In this paper I differentiate between two types of benefits of open innova-
tion. Network externalities effect happens when open innovation increases the
participation of one group of users which increases the value of adoption for
another group of users. Learning effect happens when economic actors increase
their knowledge through access to external sources of knowledge. I investigate
how each effect can be dominant depending on nature of products, by drawing
upon previous research in product modularity. In addition I discuss the fac-
tors which will strengthen or weaken the effects of each dimension. The main
variables which influence learning are, tacitness of knowledge, technological op-
portunities, appropriability of knowledge and turbulence. Network externalities
effect can be strengthened by increased user innovation.



1 Introduction

Open innovation refers to the creation and development of channels through which
firms access external sources of knowledge (Chesbrough, 2003). The idea that inno-
vation is a collective process which involves many actors and their interactions is not
new, and dates back to the concept of collective invention (Allen, 1983). Since then,
research has developed along various lines, one of which is inter-organizational net-
works which act as the "locus of innovation" (Powell et al., 1996). What is relatively
new in the open innovation literature is concerned with innovation in industries with
indirect and direct network externalities. Open innovation in this strand of literature
is mainly inspired from the successful stories of open source software, as in the case
of Linux.

Multi-sided markets refer to those which serve two or more distinct user groups.
There is now plenty of literature which captures the dynamics of such markets (Gawer
and Cusumano, 2002; Rochet and Tirole, 2003; Evans et al., 2006; Boudrerau and
Hagiu, 2008) . Some commonly cited examples are shopping malls which unite mer-
chants and shoppers, credit card systems which serve merchants and card owners,
video game consoles which supply to game developers and players, operating sys-
tems from which both end users and application developers make use of. Usually,
these industries are characterized by indirect network externalities where increased
adoption by one group will increase the value of adoption to the other group. 'On
the other hand, in single sided markets the producer or the service provider serves a
single group of users. Examples are automobiles, airplanes, clothes. In these markets
producers and consumers interact through a single market.

The main idea underlying this paper is that the effect of open innovation strategies
in different market contexts are not the same and should be taken into account when
evaluating the potential impacts of open innovation for the industry as a whole and
for firms. In particular, it is possible to distinguish between two mechanisms through

which open innovation works. One of these mechanisms is through enhancing network

IDirect network externalities occur when the number of adopters of a certain standard increases
the value of adoption by other adopters in the same group, as in the case of two competing standards
of video tapes (Arthur, 1989)



externalities. The other effect is through enhancing learning of economic actors. Both
mechanisms have different implications for different industrial contexts.

I draw upon the previous research on modular systems and inter-firm networks
to clarify the two dimensions of open innovation and provide a taxonomy of different
industries as far as these two dimensions are concerned. Furthermore I discuss how
in each of these dimensions, the benefits of open innovation can be enhanced in re-
lation to the knowledge base regime of the industry. Knowledge base regime refers
to tacitness of knowledge, technological turbulence, technological opportunities and
appropriability conditions. In particular I address the question of how these factors
strengthen or weaken each dimension of open innovation. Moreover, I discuss how the
customized innovation process (Von Hippel, 2005) which refers to increased partici-
pation of users to the innovation process, enhances the network externality dimension
of open innovation.

In this sense, the aim of this article is to provide a comprehensive perspective
for understanding various concepts in relation to open innovation. The relationship
between modularity in products, modularity in organizational structure, network ex-
ternalities, knowledge codification, the extent and kind of networks among firms,
technological opportunities, and how these variables interact with each other have
each been explored individually in various contexts in the past. Nevertheless, none
of these studies provide a comprehensive overview of how these variables influence
the success of open innovation strategies, and this remains to be clarified in future
research. This paper is a contribution in this sense.

The first section provides the background literature on modularity. The second
section investigates how modularity influences the emergence of multi-sided markets.
Third section investigates the open innovation process in multi sided and single sided
markets. A taxonomy of industries according to the dimensions of open innovation
os presented in the fourth section. Finally the fifth section is devoted to an analysis
of how each of these dimensions will be strengthened or weakened depending on

knowledge base. Some concluding remarks and directions for future research follow.



2 Product modularity

Product modularity has been defined in various ways in the literature (Langlois and
Robertson, 1992; Schilling, 2000; Baldwin and Clark, 2000). According to Schilling
(2000: p. 312) it is a "continuum describing the degree to which a systems com-
ponents can be separated and recombined...". Relatedly, Baldwin and Clark (2000)
define it as the ability of the system to be decomposed into smaller parts with weak
integration points between parts. Many systems today are becoming more and more
modular in nature, which, according to one strand of research, may influence the or-
ganizational structures and division of labour (Brusoni and Prencipe, 2001; Schilling
and Steensma, 1999; Langlois and Robertson, 1992). Moreover many scholars have
pointed out that in general modular systems perform better and generate more value
than architectural systems (Sanchez and Mahoney, 1996; Baldwin and Clark, 2000).
This is because when there are weak interfaces between different components of a sys-
tem, innovation in one part of the system will not require significant changes in other
parts. It is possible to observe in most industries today that modularity in products
is usually accompanied by specialization of firms and increased interactions between
them. In this context Brusoni and Prencipe (2000) underline the important role of
systems integrators, usually applicable in the case of complex product systems.

One of the factors which influence the relationship between organizational struc-
ture and modularity is the nature of knowledge. Knowledge can be inexpensively
reproduced (expansible) and it is non-rivalrous (its use by one party does not ex-
clude others from using it). ? These features of knowledge influence the sources of
economies of scale and scope in the industry. According to Steinmuller (2007) the
expansibility and non-rivalrous properties of knowledge in the ICT sector results in
the ability with which an original design can be re-used in meeting different markets,
which is a source of economies of scope. In this case, the "first mover" advantage in
innovation may not last for long since rapid technological change will increase the
opportunities to make new and improved designs by rival firms. In other words,
economies of scope in ICTs stems from the ability to "address different application

needs with the same designs" (Steinmuller, 2007, p. 198). This creates important

2The costs of transferring knowledge depends on knowledge tacitness.



opportunities for product differentiation.

The relationship between organizational structure and modularity is restructured
in the case of ICTs. Essentially this implies a change in the fundamental dilemma
faced by firms on "making or buying". Various lines of research have contributed dif-
ferently to the question of how firms decide to make or buy components. Transaction
cost economics (Williamson, 1985) and knowledge based theories of the firm (Kogut
and Zander, 1992; Grant, 1995) are notable in this sense. TCE has approached the
question from an efficiency perspective, and focused on relative costs of exchange in
markets and hierarchies. Knowledge base theories has focused on creation of knowl-
edge and product characteristics in defining firm boundaries.

In the case of ICTs a different extension to this question has taken place, that is
beyond the classic trade-off between "making or buying". Here, one of the decisions
faced by the innovator firm has shifted to whether to produce its complementary
products within the firm or create an external access to its standard and facilitate
the provision of complementary products by other firms. This implies that "make
or license" decision has become an additional dimension along side the "make or
buy" decision. One of the distinct examples in the computer industry has been the
case of IBM in the beginning of 90s. Before this period IBM was the sole producer
of its hardware and software; a highly integrated firm which was largely carrying
out in-house R&D and developing, distributing and providing maintenance for its
systems all by itself. During the 90s, as firms like Microsoft and Intel increased their
market share, and as more and more firms entered the computer market IBM faced
a fundamental shift from a highly integrated organization to a central firm taking
place in a dense web of other actors, as providers of software, operating systems and
hardware components. Today the difference between Apple and IBM is an example to
the decision between "make or buy" and "make or license" where Apple still preserves
a highly integrated structure.

Based on the discussion above, modular product architectures have usually been
accompanied by a modular organizational structure in the case of ICTs. The shift in
the nature of the make or buy decision has implications for the extent to which the

market will subdivide into different users. Because of the non rivalrous and expansibil-



ity feature of knowledge as an input, ICT industry prepares a suitable ground for the
emergence of multi-sided markets, in which the innovator firm supplies to a variety of
customer groups. This depends largely on the strategic decision of the standard owner
which is constrained by the current state of technology, appropriability conditions and
characteristics of the industry. As Schilling (2000) mentions, the ability with which
the consumer can separate and reintegrate a product, the utility derived from doing
so, and the complexity of the product increases the extent to which organizations will

be modular, where this has been the case in ICT based industries.

3 Multi-sided and Single-sided Markets

In the strategic management literature, a platform-based industry is one in which
a central firm controls or owns a certain standard, or a platform upon which other
firms produce complementary products compatible with the standard (Gawer and
Cusumano, 2005).> The leading example is operating systems, where Linux, Unix,
DOS, Windows coexist in the market as leading standards and act as platforms upon
which application developers produce compatible software. Some other examples are
video game consoles, hardware, smart phones, credit card systems, and even shopping
malls where merchants and customers meet.

One of the characteristics of multi-sided markets is that there are both indirect di-
rect and network externalities between different customer groups (Economides, 1996;
Rochet and Tirole, 2003). An indirect network externality arises when there is a
greater availability of compatible complementary products which benefits all user
groups. In particular, customers benefit because there is increased variety, produc-
ers benefit because more customers are adopting the standard. In the case of ICTs
there are many examples of indirect network externalities. The most straightforward
example is Windows operating system and its complementary software. The more
applications compatible with the Windows standard, the more is the value the cus-
tomer attributes to adopting windows. Obviously, indirect network externalities are
not confined to ICT based industries. The value of a shopping mall will be higher for

shoppers, the more variety of shops there are in the mall. The more a card standard

3In the following parts of the text, standards and platforms are used interchangibly.



is adopted by merchants, the more the final consumer values that standard, and vice
versa.

On the other hand in single sided markets the producer or the service provider
serves a single group of users. Examples are automobiles, airplanes, clothes in which
producers and consumers interact through a single market. Mostly in these industries
the indirect network externalities are negligible or do not exist. To give an example,
the number of airplane engine producers will not have a significant influence on the
demand structure of airline companies.

Depending on the nature of the market the impact of open innovation can be
analyzed in two dimensions as network externality effect and learning effect. In the

next section, I explore these dimensions.

4 Open innovation: Network externalities effect
and learning effect

Open innovation has increasingly occupied the agenda of researchers and managers
during the last decade. In the most general sense, open innovation refers to the
creation and development of channels through which firms access external sources of
knowledge (Chesbrough, 2003; Chesbrough et al., 2006). The idea that innovation is
not an isolated process performed by a single firm, but is a collective process in which
interaction among many actors play a role is not new. Firms collaborate because of the
increasing complexity in products and convergence among them, rapid technological
change, and possible network effects on the consumer side. These factors have resulted
in the perception of innovation as a system involving artifacts and different actors

and which evolve in a complex manner.

4.1 Network Externalities Effect

One of the implications of open innovation strategies adopted by platform leaders in
multi sided markets is to reduce the costs of access to the platform by different user
groups. These costs stem from the complexities involved in accessing the platform
and / or the license fees and royalties which accompany access. It is possible to

differentiate between two types of benefits of adopting an open innovation strategy
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in multi-sided markets. Firstly, one of the building blocks of open innovation is that
reducing the costs of access to a standard attracts more complementary producers to
the standard, which will increase the value of adoption as perceived by final consumers
and producers themselves. Secondly, open innovation strategies will induce more
learning by all actors in the system, which may result in higher rates of innovation,
which in turn will increase the value of further adoption. The first effect is quantitative
in nature, the second is qualitative. Usually, these two effects will reinforce each other.
The more is the number of actors involved, the more chances to recombine knowledge
of various actors, and the more chances of innovation. The extent of learning does
not only depend on the strategies of the standard controllers, but also the extent to
which other firms participate in the learning process, which is to say the extent to

which they are "open" to external channels of knowledge.

4.2 Learning Effect

The learning effect of open innovation is not new. Different terms have been adopted
before and the roots of the concept dates back to Allen (1983) who developed the
concept of collective invention. The various terms that were used which refer to this
phenomena in the core includes distributed innovation (Kogut and Metiu, 2001),
modular innovation networks (Langlois and Robertson, 1992), network forms of or-
ganization (Powell et al., 1996), regional innovation network (Saxenian, 1994). This
literature coincides with the literature on inter-firm networks, which studies the mech-
anisms through which relationships among actors in an industrial system relates to
the knowledge produced by the system.

One of the distinguishing features of open innovation in the context of firm net-
works is its emphasis on organizational learning processes. Open innovation refers
to a mechanism where firms adopt strategies which favour accessing and benefiting
from research carried out in other parts of the system. One of the reasons that firms
implement this strategy is exploration; in a rapidly changing environment, adopting
an open strategy helps them to access new sources of knowledge lying outside the
boundaries of the firm. Such strategies have usually been studied under the rich liter-

ature on inter firm networks. In this context, adopting open innovation strategies by



firms means increased interactions between them, in the form of strategic alliances,
R&D collaborations, joint ventures, joint product development teams and the like.
Usually in network-based industries, specialization is accompanied by variety which
are features of the network of firms. *

Regardless of whether the market is multi sided or single sided, firms do learn
significantly from their connections in all contexts. For example in the case of Silicon
Valley, the networks between specialized computer producers have been documented
to yield significant innovation as compared to the more closed system of Route 128
(Saxenian, 1994) and the computer industry is a leading example for multi-sided
markets. Iyer et al. (2006) provide a visual representation of the software industry
network as a highly centralized structure with the standard controllers occupying
central positions, and dense inter-firm networks among many peripheral firms.

Although the two dimensions of open innovation will usually reinforce each other
depending on the nature of the industry, one effect can dominate the other. Under-
standing this mechanism is important to evaluate the impact of open innovation in
industries and to design firm level strategies. In the next section we make a taxonomy

of industries based on which effect dominates.

5 A Taxonomy of Industries: The effect of open
innovation

The benefits of open innovation strategies adopted by firms are plenty. However, the
type of benefits that open innovation brings are different in different market contexts.
In multi-sided markets there are strong network externality effects. By adopting open
innovation strategies firms have the possibility to increase their market share directly
by increasing the number of participants in both sides of the market. In other cases
where markets are single sided, the benefits of open innovation strategies accrue
mainly through organizational learning, in which firms have access to others’ knowl-

edge, which acts as a channel through which they can increase their own innovation.

4Each of the firms in the network is specialized and they have increased interactions between
them. In this way, the network benefits from gains through specialization. At the same time,
through increased interactions they develop a common language which facilitates communication
and transfer of knowledge.



Network Externalities Effect

|. Multi Sided Markets

Examples:
Video Games
(Sony, Microsoft, Nintendo)
Search Engines (Google)
Online Retail (Amazon)

||. Multi Sided Markets

Examples:
Open Source Software
(Linux)
Online Social Networks
(Facebook)

. Single Sided Markets
Poor Inter-firm Networks

Examples:
Traditional Industries
Steel

V. Single Sided Markets
Rich Inter-firm Networks

Examples:
Automobile Industry (Toyota)
Clothing (ltalian Districts)

Biotechnology

Learning Effect

Figure 1: The two dimensions of open innovation

Figure 1 shows a taxonomy of industries based on the two dimensions of open inno-
vation.

In Figure 1, the multi sided markets are placed in the upper boxes [ and I,
where network externalities effect of open innovation is dominant. Here, the extent to
which learning effect accompanies the network effect depends on strategies adopted
by firms in their openness. In box II, we place open source software and the online
social networks as the extreme cases. In this box, both network externalities and
learning effects are very high. These are "non-propriatery" platforms where the two
dimensions strongly reinforce each other. In this case indirect network externalities
exist because the number of participants in developing open source software will
increase the value perceived by adopters of open source software. At the same time,
open source software acts as a platform upon which the contributors solve problems
jointly in developing the source code, as in the case of Linux. This results in significant
learning effects from external interactions. Apart from Linux, another example is the
social networking platforms as in the case of Facebook. In this case, participants have

a higher likelihood of participating, the more are the number of other participants.
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In addition partners have the chance to learn about their social networks using the
platform.

In box IV, single sided markets are placed, which are usually characterized by
supply chains, with the exception of pharmaceuticals in which the relations are mostly
based on market access capabilities of large firms by small biotechnology firms. In this
case network externalities are limited but organizational learning effect is dominant.
In these industries long term relations among firms which are based on trust is an
important factor conducive to increased learning. An example in which the learning
effect is more dominant than the network externalities effect is the case of Toyota
network (Dyer and Nobeoka, 2000). Toyota is operating in a single sided market,
where consumers buy cars. In this case network externalities are limited. *Moreover
although cars are largely modular in nature in terms of their production processes,
this is hardly the case for the final consumer, who buys the car as an integrated
architecture. Although concerns for free riding and very careful evaluation of releasing
company knowledge is made, Toyota network is considered to be an open system in
which firms in the supply chain form problem solving teams, and are involved in
various alliances with each other. In these interactions significant learning takes place
as documented before (Dyer and Nobeoka, 2000).

In box III, traditional industries is placed in which supply chains and inter-firm
relations are not as dominant as in box IV. Here the benefits of open innovation
strategies is the least compared to other industries elsewhere in the table.

Although products in most of the boxes above can contain modularity in their
architecture, the boxes in the bottom of the table are not modular products for end-
users. Usually in these industries, especially in complex product systems, a systems
integrator is responsible from integrating the components to produce the final prod-
uct. Whereas in the upper part of the box, choices of customers play an important
role and there is a greater scope for customization of the final product. Because of
the nature of complementarities, the demand for one part of the market will benefit

the other markets automatically.

Certain degree of network externalities exist because of car maintenance services and car sellers
network. Nevertheless, compared to the network externalities in ICT based industries (as given on
top of the box) we take such externalities to be limited.

11
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Figure 2: How change occurs in two dimensions of open innovation

6 The conditions which shape the effect of two di-
mensions

In the current literature a comprehensive understanding of how open innovation re-
lates to the knowledge base regime is largely lacking. Above I differentiated between
two dimensions of open innovation, as network externalities effect and learning ef-
fect. However these dimensions are not static; as industries evolve, the taxonomy of
industries in this space are also changing. In addition different strategies adopted by
firms influence the extent to which they derive benefit from each of these dimensions.
In this section I explore how this takes place. Apart from the modularity of prod-
ucts, other conditions of the industry like tacitness of the knowledge base, the IP
regime, turbulence, and technological opportunities will influence the extent of bene-
fits achieved from each dimension. What are the factors which strengthen or weaken
each dimension of open innovation? Figure 2 is based on Figure 1, incorporating the

factors which determine the change in each dimension of open innovation.
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6.1 Increasing the Learning Effect of Open Innovation

In general, the learning effect depends on the extent to which firms benefit from
opening their knowledge base to external channels of knowledge. In turn, this depends
on transferability of knowledge, ease of imitation, technological opportunities and the

extent of turbulence . We explore each factor below.

6.1.1 Tacitness of knowledge base and appropriability

Tacit knowledge can be better transferred through repeated contacts and strong links
between parties (Cowan et al., 2000). On the other hand codified knowledge can be
transferred through weak links. In addition, when there is a high degree of special-
ization, the costs of knowledge transfer will be lower within specialized groups and
higher between groups. For example, Kogut and Zander (1992), take firms as social
communities in which the transfer of knowledge within the organization is facilitated,
drawing upon what Arrow (1974) points out about organizations: that they facilitate
communication via the development of a common language. The organization also
develops capabilities by which the existing knowledge is combined with new knowl-
edge and thereby innovation takes place as the recombination of knowledge. They
explain the fundamental dilemma faced by the organization to be that when knowl-
edge is codified, although its transfer is easier, it also renders the firm vulnerable to
imitation by competitors.

Based on this knowledge-based view of organizations, where knowledge is highly
tacit, its transfer among people working within a specialized group is easier than it is
to transfer it between different groups. As knowledge becomes more codified, costs of
communication between people fall but imitation becomes easier. Therefore in indus-
tries where knowledge is highly tacit, promoting the formation of specialized teams
will increase the extent of learning within teams. Therefore to increase the benefits of
open innovation in the learning dimension, firms operating in tacit knowledge regimes
can promote the creation of specialized teams focusing on specific problems or areas
of improvement.

In codified knowledge base regimes, it is more difficult to appropriate the returns

from knowledge because of imitation risk by competitors. Therefore firms operating
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in codified knowledge base regimes can find it more beneficial to realize learning
potential through involvement of more heterogeneous groups as customers, suppliers
and buyers. Because knowledge transfer is easier, in these industries creation of online

platforms for meeting of heterogenous groups will increase the extent of learning.

6.1.2 Technological Opportunities and Turbulence

The rapid innovations and increasing product complexity in knowledge intensive in-
dustries have not only raised the requirements for compatibility among product com-
ponents, but have also been accompanied by richer technological opportunities. In
many industries, in the face of the difficulties faced by a single firm to be self sufficient
in serving a rapidly changing market, inter-firm networks have been a widespread or-
ganizational form. The role of small and flexible innovative firms in the evolution of
industries has increased considerably. For example in the case of biotechnology, the
network relationships are mostly dominated by arrangements between large firms and
new biotechnology firms (McKelvey, 2003). In the computer industry, small firms had
a significant role in the opening up of new market segments and shaping the evolution
of industry (Malerba et. al. 1999).

Higher technological opportunities increases the innovative potential of the indus-
try (Malerba, 1992). In these industries, the interactions between firms are important
mechanisms to utilize the potential of these opportunities, which makes firms more
likely to revert to external sources of knowledge. Therefore in industries character-
ized by high technological opportunities, the learning dimension of open innovation
will be stronger. At the same time, technological opportunities can also facilitate
the interactions between heterogenous groups and increase the extent of knowledge
recombination by making use of diversity among different user groups. This will
strengthen the network externalities dimension of open innovation.

Rapidly changing market conditions and turbulence in the environment will in-
crease the motivation of firms to be involved in more interactions with each other for
the purpose of exploring new knowledge residing outside the firm boundaries, and
to be informed about new developments. Therefore, in many industries, uncertainty

and turbulence increases the extent of openness. Therefore, the learning dimension
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of open innovation will be higher in industries characterized by high uncertainty.

6.2 Increasing the Network Externalities Effect of Open In-
novation

In general the network externalities effect depends on the extent to which the mar-
ket is divided into different user groups. In multi-sided markets, there are stronger
network externalities than in single-sided markets, as discussed above. However re-
gardless of the market in which the firm operates, the network externality benefits
can be increased by creating platforms on which various heterogenous groups can in-
teract. In fact, during the recent years the use of ICTs has enabled creation of special
platforms through which users of products and services participate in solving partic-
ular problems and sharing their experience about products. In this process, which is
termed to be customized innovation, different groups of users are indirectly involved
in the production process with their feedback (Von Hippel, 2005; Baldwin et al., 2007;
Prahalad and Krishnan, 2008). Therefore, even if the industry is not characterized
by strong network externalities, the use of communication technologies can create a
medium through which network externalities can be created even in single sided mar-
kets. By making use of communication technologies, firms can "artificially" create
sides in a market, by creating platforms in which different groups of users interact.

Figure 3 summarizes the arguments that we have outlined above.

7 Concluding Remarks

In this paper we decomposed the benefits of open innovation into two dimensions
depending on the nature of products in the markets. These dimensions are net-
work externalities effect and learning effect. Network externalities effect occurs when
adopting open innovation strategies benefits one customer group which indirectly
increases the value perceived by the other consumer group.

By the very nature of the ICT industry, increased modularity in product architec-
tures is usually accompanied by increased organizational modularity. In particular,
ICT industries prepare a more suitable environment for the emergence of multi sided

markets, although multi sided markets are not confined to ICTs only. We argued that
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Network Externalities Learning

Tacit Knowledge Higher degree of modularity will Specialized teams
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specialized groups among team members

Codified Knowledge  Facilitates communication among  Learning can take place

heterogeneous groups like through weak links
consumers, suppliers, buyers between actors
Technological Strengthens the benefits of Increases learning
opportunities mteractions among heterogeneous  potential
groups like consumers, supplers,
buyers
Twrbulence Tncreases the willmgness of actors  Increases the motivation
to be mvolved i various of actors to be mvolved
heterogeneous groups m external interactions

Figure 3: Open innovation dimensions and conditions of the knowledge base

in multi sided markets network externality effect can dominate the learning effect.

Quite contrarily, modularity of final products is limited in single sided markets.
In single-sided markets the learning effect is likely to dominate network externality
effect depending on the industry, i.e. whether it is characterized by increased inter
firm networking or not.

Finally, we argued that the positive impact of open innovation can be increased
in each dimension. This will depend on characteristics of the knowledge base (tacit-
ness, technological opportunities, appropriability of knowledge, turbulence) and firm
strategies.

Strategies which will enhance communication platforms between and within het-
erogenous customer groups will in general increase the network externality effect of
open innovation, in both single sided and multi sided markets. Examples to this are
customized innovation which is seen in many industries today. Customized innovation
refers to increased involvement of customers in the innovation process, mainly made
easier by increased availability of communication media.

Strategies which enhance learning depends directly on knowledge base regime.
Where knowledge is highly tacit specialized problem solving teams will enhance learn-
ing. When there are limited imitation possibilities learning dimension of open inno-

vation will be enhanced. When there are increased technological opportunities, there
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will be more returns from external interactions in the form of learning. When there is

high turbulence, actors will be more motivated to be involved in external interactions

which will enhance the learning effect.
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