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Abstract
Research Summary: Firms in technology-based settings continuously mobilize the knowledge of individuals in the firm to execute new opportunities arising
over time. Yet we have only a limited understanding of
how individual-level knowledge aggregates to shape
firm-level innovation. We use a computational model
to develop a microfoundational theory of firm-level
innovation that captures both intra-firm knowledge
mobilization and inter-firm competition. A key insight
is that despite intuitions that knowledge mobilization
should protect against rival imitation, knowledge mobilization can often benefit rivals more than the focal
firm itself, due to a process of continuous knowledge
spillover-sharing among rivals. In addition, while
knowledge-based advantages are often thought to be
temporary without some isolating mechanism, sustainable advantage may emerge under limited conditions
under which knowledge-mobilizing firms outrace
rivals' imitation efforts.
Managerial summary: Managers in fast-moving
technology-based industries innovate by mobilizing the
knowledge of individuals in their firm to execute new
market opportunities arising over time. A central challenge in such settings is that competitors may imitate
this knowledge, thereby diminishing the advantages to
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the focal firm that derive from its innovations. We
highlight the conditions under which such efforts at
mobilizing individual knowledge within a firm can
backfire and thus accelerate imitation as a result of
knowledge spillover-sharing among the firm's industry rivals. To protect themselves, innovative firms in
highly complex industries can use a recombination
process to outrace their imitating rivals and generate
sustainable advantages.
KEYWORDS
competition, imitation, innovation, knowledge mobilization,
microfoundations

1 | INTRODUCTION
In fast-moving technology-based market settings, a central challenge for firms is to utilize the knowledge held by individuals within the firm to execute innovative market opportunities arising over time
(Brown & Eisenhardt, 1997; Davis, Eisenhardt, & Bingham, 2009; Rindova & Kotha, 2001;
Shane, 2000). Such settings are characterized by ongoing change, temporary advantage, and hypercompetition, which require firms to match their own knowledge and capabilities to emerging opportunities in areas such as new product development and market entry (D'Aveni, Dagnino, & Smith, 2010;
Roy, Lampert, & Stoyneva, 2018; Wiggins & Ruefli, 2005). While multiple streams of the strategy literature point to the importance of individual-level knowledge in the context of firm-level innovation
(Aggarwal, Hsu, & Wu, 2020; Coff & Kryscynski, 2011; Dahlander, O'Mahony, & Gann, 2016;
Grigoriou & Rothaermel, 2014), prior work has more often tended to conceptualize knowledge as residing at the level of the firm or team (Felin & Hesterly, 2007). Of course, viewing knowledge through this
more macro level lens has led the strategy field to important insights and has significantly expanded
our understanding of a broad range of issues related to knowledge, innovation, and competitive advantage (e.g., Arora & Gambardella, 2010; Garg & Zhao, 2018; Helfat et al., 2007). At the same time, however, it has meant that the processes of aggregation that link individual-level knowledge to firm-level
innovation outcomes have been somewhat obscured and understudied.
This gap in our understanding of how individual-level knowledge aggregates to influence
innovation at the level of the firm points us toward potentially fruitful avenues for theory development. This is because alternative approaches to mobilizing the knowledge of individuals
inside a firm may have non-obvious effects on the heterogeneity and distribution of a firm's
knowledge pool, in turn influencing the extent to which firms can capture opportunities under
varying market conditions. In addition, imitation by rivals, enabled by individual-level knowledge flows, is closely intertwined with the innovation process (Almeida & Kogut, 1999;
Audretsch & Feldman, 1996; Saxenian, 1994; Singh, 2005). Knowledge mobilization and
imitation-based competition thus represent individual-level processes that may jointly interact
with one another in unexpected ways when aggregated to the firm-level. A deeper theoretical
understanding of these aggregation processes thus promises to substantively increase our
understanding of the determinants of heterogeneity in firm-level innovation outcomes.
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There have been numerous calls to more deeply examine the role of individuals in shaping
macro, firm-level outcomes (Barney & Felin, 2013; Felin, Foss, & Ployhart, 2015). Scholars have
argued for “opening up the proverbial black box of the firm” by taking individuals as the natural
starting point for theory development (Felin & Hesterly, 2007, p. 213). Such a microfoundational
approach holds the promise of deepening our understanding of the individual-level antecedents
of heterogeneity in firms' knowledge-based outcomes. Pursuing a microfoundational research program, however, requires attention not simply to individuals as a focal unit of interest per se, but
more importantly to how individual characteristics “interact and aggregate to generate macrolevel phenomena” (Aggarwal, Posen, & Workiewicz, 2017, p. 1213).
In developing a microfoundational theory of individual to firm-level knowledge aggregation,
we direct our attention toward the most salient forms of individual-level interactions occurring
in knowledge-based contexts. We focus in this regard not only on intra-firm interactions among
individuals, but also on inter-firm interactions that we argue play an equally important role in
opening up the black box of firm-level innovation outcomes. This focus on both the intra- and
the inter- distinguishes our theory development effort from extant microfoundational work,
where the relevant set of interactions is generally confined to within-firm boundaries. We
include inter-firm competitive considerations in our theory development because spillovers of
knowledge among competing firms are of particular importance in technology-based settings
(Ethiraj & Zhu, 2008; Knott, Posen, & Wu, 2009; Posen & Martignoni, 2018).
By focusing attention on the conjunction of intra- and inter-firm processes, we bridge two
distinct streams of work on knowledge and innovation. First, work on the intra-firm processes
of knowledge mobilization addresses the ways in which managers can create a productive delta
between “what is known [by individuals] within the organization and what is actually put to
use” (Szulanski, 1996, p. 38). This stream of work examines issues such as within-firm social
networks (Hansen, 2002; Nerkar & Paruchuri, 2005; Phelps, Heidl, & Wadhwa, 2012), divisional
recombination (Karim & Kaul, 2015), and knowledge variety (Caner, Cohen, & Pil, 2017). Second, work on imitation suggests that imitation-based competition stemming from the spillovers
of individual knowledge across firms can erode the performance benefits to firms from their
innovation efforts (Ethiraj & Zhu, 2008; Posen & Martignoni, 2018; Zander & Kogut, 1995).
Viewed collectively, each of these two streams of research appears to form a productive microfoundation by addressing individual-level interactions that aggregate to macro-level outcomes.
Yet the two seem incomplete without one another. While the mobilization stream offers descriptions of the intra-firm mechanisms underpinning innovation, it pays less attention to competitive
concerns that could impact mobilization effectiveness. And while the imitation stream offers a
theory of the inter-firm effects of knowledge spillovers under conditions of imitation, it pays less
attention to how this knowledge is subsequently used by individuals within firms. Both intra- and
inter-firm mechanisms are thus implicated in the aggregation process linking individuals to the
macro; yet the ways in which this joint interaction plays out is less than clear.
While our microfoundational theory takes into consideration the collective intra- and interfirm interactions among individuals that may in the aggregate influence firm-level innovation
outcomes, what is perhaps most important for strategy scholars is to have a testable and predictive theory linking particular strategic choices around individual-level knowledge mobilization
to systematic heterogeneity in firm-level outcomes. To this end, we focus on three distinct
knowledge mobilization mechanisms that firms might employ, linking these distinct design
considerations to firm-level performance as captured by the firm-level ability to execute opportunities in the face of imitative pressures: (1) the movement of knowledge among individuals in
the firm (“transfer”); (2) the degree to which individuals can borrow (i.e., access and use)
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knowledge from others when they work together (“collaboration”); and (3) the creation of new
knowledge from elements of individuals' existing knowledge (“recombination”).1
We employ a computational model to develop our microfoundational theory. Our model
focuses on the link between individual knowledge and firm-level innovation, taking into consideration intra- and inter-firm factors, together with their individual and joint interactions. A
computational methodology is appropriate given the state of development of the literature on
which we build: there is some baseline theory, but it is under-developed, and as such, it can
benefit from systematic exploration via simulation modeling (Burton & Obel, 1995; Davis,
Eisenhardt, & Bingham, 2007). We use stochastic process modeling, which allows us to model a
flow of heterogeneous opportunities into an environment containing a focal firm together with
a pool of rivals. We conceptualize firms as sets of inter-linked individuals with distinct and
widely distributed knowledge whose task it is to capture these opportunities. In a series of simulation experiments we vary firms' use of the three knowledge mobilization mechanisms, as well
as the imitation conditions and opportunity space characteristics that firms face.
This study generates several conceptual insights. First, while it may be natural to infer from the
macro-level literature that the effects of knowledge mobilization are fully internalized and will protect the firm from the negative effects of spillovers to imitating rivals, we find that mobilizing knowledge can in many cases amplify the negative effect of spillovers through a process we label
“knowledge spillover-sharing,” where rival firms continually share and propagate the focal firm's
knowledge among one another. The extent to which this knowledge spillover-sharing process causes
firms' knowledge mobilization efforts to backfire is shaped by characteristics of the imitative conditions under which the firm operates, such as its susceptibility to imitation and rival population size.
Second, while strategy and innovation scholars, drawing on ideas anchored in the organizational behavior literature, have shown that the movement, borrowing, and creation of knowledge in a firm can engender innovation, these individual-level processes have been implicitly
assumed to be equally effective at the firm-level. We show, however, that these three mechanisms contribute differentially to firm-level opportunity execution under varying imitation and
opportunity space conditions. Their contingent efficacy stems from differences in how they
enable individuals to distribute and accumulate knowledge within a firm over time.
Third, while knowledge mobilization has been shown to allow for relative innovation benefits vis-à-vis rivals, it is generally thought to generate only temporary performance advantages
without some exogeneous isolating mechanism (e.g., tacit knowledge or IP protection) that protects knowledge from value-destroying imitation. Indeed, we observe only temporary performance advantages in most cases, except under unique conditions of high complexity in the
firm's opportunity space, where recombination can sustain the innovation-based competitive
advantage held by the focal firm.2
1

We define knowledge mobilization as a set of processes, implemented at the firm-level, that enable firms to draw on
and use knowledge held by individuals in the firm. As such, knowledge mobilization can be interpreted as a type of
capability (Helfat et al., 2007), supported by resources and routines, that a firm can employ to allow for the
manipulation of individual-level knowledge. As we discuss in the Theoretical Background section, this can entail the
movement of, access to, or creation of knowledge.
2
We use the terms “performance” and “competitive advantage” as shorthand for a very specific form of knowledgebased firm-level outcome (opportunity execution). Of course, performance and competitive advantage in the broader
sense are dependent on numerous other factors outside the scope of our model. Our central concern here is with the
aggregation of individual-level knowledge, and its effects on firm-level opportunity execution. The terms performance
and competitive advantage should thus be interpreted through this lens of firm-level opportunity execution, driven by
aggregated individual-level knowledge.
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Taken together, these conceptual insights allow us to make two sets of contributions to the
strategy literature. Most importantly, we develop a microfoundational theory that addresses the
impact of knowledge residing in individuals on firm-level innovation by taking into consideration the interactions and aggregation processes occurring within and across rival firms. We
show that alternate approaches to individual-level knowledge mobilization can influence the
distribution and heterogeneity of a firm's knowledge pool, and in so doing have implications for
firm-level opportunity execution (D'Aveni et al., 2010; Roy et al., 2018; Wiggins & Ruefli, 2005).
This advances us toward a deeper theory of knowledge-based advantage (Teece, 2007) that
addresses the micro-level “proximate causes of macro phenomena” (Felin et al., 2015, p. 590).
Another contribution is to develop insight into the factors that inhibit or facilitate knowledgebased imitation, while holding constant factors such as knowledge tacitness. Whereas knowledge tacitness has constituted the focus of much of the prior literature on knowledge-based
competition (Knott, 2003; Reed & DeFillippi, 1990; Spender, 1996) our focus solely on intraand inter-firm individual-level factors while holding tacitness constant allows us to push
beyond the effects of knowledge tacitness in our understanding of knowledge-based outcomes,
and to generate insight into the contingent effects that shape knowledge mobilization in the
face of imitation (Ethiraj & Zhu, 2008; Knott et al., 2009; Posen & Martignoni, 2018).

2 | THEORE T I CAL BACK G ROU ND
2.1 | Knowledge mobilization
The three knowledge mobilization mechanisms we model are anchored in prior literature on
the microfoundations of organizational innovation.3 Although the diversity of this literature
precludes a strict mapping from the labels of transfer, collaboration, and recombination to preexisting constructs, these labels do represent distinct forms of knowledge mobilization with
roots in processes scholars have previously studied. Our objective, however, is not to introduce
new constructs; rather, we map extant studies onto a set of terms which we use as shorthand to
refer to distinctive knowledge mobilization processes. We discuss each mechanism in turn, noting the distinctive intra-organizational processes on which it is based, and highlighting the literature from which it is drawn. This discussion is summarized in Table 1.4

2.1.1

|

Transfer

The first mechanism, transfer, can be characterized as the movement of knowledge from one
individual to another within an intra-firm network of individuals. This movement of knowledge
is not tied to the execution of a specific opportunity. Rather, it proceeds on an ongoing basis as
knowledge diffuses among individuals within a network. Prior work has discussed such
instances of within-firm knowledge transfer (Gupta & Govindarajan, 2000; Zander &
3

This literature spans numerous streams, with our aim being to distill this work into a set of conceptually distinct
processes. Although sometimes different in application or detail, for each mechanism we aim to capture a core
underlying process that appears to recur in the extant literature, and that might consequently inform knowledge-based
performance differences.
4
In the Supporting information, we provide examples of how the knowledge mobilization mechanisms are employed in
practice.
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TABLE 1

Summary of knowledge mobilization mechanisms

Core process

Representative
studies examining
process

Model functioning

Firm knowledge
implications

Transfer

Movement of
knowledge
from one
individual to
another on an
ongoing basis

Zander and
Kogut (1995),
Szulanski (1996),
Argote (1999),
Argote and
Ingram (2000),
Tsai (2001),
Reagans and
McEvily (2003)

Ongoing, passive
transfer of
knowledge among
connected
individuals, not
tied to specific
opportunity

Distribution of
knowledge is
increased over
time due to
ongoing interindividual
knowledge
movement

Collaboration

Access to the
knowledge
space of other
individuals to
whom a focal
individual is
connected

Ancona and
Caldwell (1992),
Hansen, Mors,
and Lovas (2005),
Haas and
Hansen (2007),
Martin and
Eisenhardt (2010),
Mors (2010),
O'Leary,
Mortensen, and
Woolley (2011),
Choudhury and
Haas (2018),
Mortensen and
Haas (2018)

Search space of
individual
knowledge is
expanded to
include knowledge
of connected
individuals in
order to match an
opportunity in the
environment

Distribution of
knowledge is
increased when
opportunity is
executed due to
knowledge
accumulation

Recombination

Creation of new
knowledge
from existing
knowledge of
connected
individuals

Hargadon and
Sutton (1997),
Galunic and
Rodan (1998),
Fleming (2001),
Katila and
Ahuja (2002),
Obstfeld (2005),
Taylor and
Greve (2006),
Carnabuci and
Operti (2013), Hsu
and Lim (2014),
Karim and
Kaul (2015)

Connected
individuals
recombine two
randomly selected
knowledge vectors
to create new
knowledge in
order to match an
opportunity in the
environment

Heterogeneity of
knowledge is
increased when
opportunity is
executed, with
executed
knowledge
accumulated by
individuals

Kogut, 1995). Scholars point to inter-individual networks as a powerful means to mobilize
knowledge in a firm (Argote & Ingram, 2000; Beckman & Haunschild, 2002), as well as to the
knowledge-related benefits of transfer in contexts such as manufacturing (Tsai, 2001), electronics (Hansen, 1999) and contract R&D (Reagans & McEvily, 2003). While challenges in
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measuring the effectiveness of transfer arise from variation in knowledge codifiability
(Argote & Fahrenkopf, 2016), learning speed (Argote, 1999), network structure (Reagans &
McEvily, 2003) and recipient characteristics (Szulanski, 1996; Szulanski & Jensen, 2006), the
movement of knowledge among individuals has been seen as a means of boosting a firm's ability to capture opportunities arising over time (Argote & Ren, 2012).

2.1.2

|

Collaboration

The second mechanism, collaboration, can be characterized as the ability of individuals to access
the knowledge of other individuals in the firm to whom they are connected. Whereas transfer
involves the ongoing diffusion (movement) of knowledge in an intra-firm inter-individual network, collaboration involves the ability of a given individual to draw on and access a wider pool
of individual-level knowledge from within the firm.5 Thus, collaboration in effect increases the
search space of an individual with respect to the accessible knowledge they can draw on when
presented with a market opportunity. As with collaboration in an inter-firm context
(Aggarwal, 2020; Davis, 2016), intra-firm collaboration among individuals is enabled by investments in technological and organizational processes that facilitate the retrieval and access of
information from other employees (Haas & Hansen, 2007) and by the presence of individuals
who span multiple domains and intra-firm boundaries (Choudhury & Haas, 2018; Martin &
Eisenhardt, 2010). Individuals with multiple team memberships support collaboration by
engendering learning via access to the knowledge of others (Ancona & Caldwell, 1992; Gibson &
Vermeulen, 2003; Hansen et al., 2005; Mors, 2010; O'Leary et al., 2011).

2.1.3

|

Recombination

The third mechanism, recombination, can be characterized as the creation of new knowledge
from existing knowledge within the firm. As such, it is distinct from transfer and collaboration,
both of which mobilize existing knowledge. In contrast with collaboration, which involves
searching the knowledge space of colleagues with whom one is connected when attending to a
specific opportunity in question (i.e., access), recombination involves creating new knowledge
by combining the existing knowledge of connected individuals, and applying this newly-created
knowledge to a specific opportunity (i.e., creation).6 Recombination is central to many accounts
of the microfoundations of technological innovation. Prior work, for example, focuses on how
innovations emerge from combinations of knowledge across distinct technical domains
(Fleming, 2001; Hargadon & Sutton, 1997) and the ways in which intra-organizational knowledge can be generated through structural recombination across business units (Karim &
Kaul, 2015). Recombination is the outcome of combining knowledge of different types
5

With collaboration, when Individual A executes an opportunity using the knowledge of Individual B, to whom they are
connected, Individual A retains that knowledge vector. This form of knowledge accumulation is distinct from transfer
in that it is not ongoing and passive, but rather tied to the execution of a particular opportunity. At the same time, at an
aggregate level, it also allows collaboration to alter the distribution of knowledge within the firm (because knowledge
flows from B to A).
6
As with collaboration, we model recombination with a form of knowledge accumulation: when Individual A executes
an opportunity by combining a knowledge vector with Individual B, both individuals retain the newly created
knowledge vector.
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(Carnabuci & Operti, 2013; Hsu & Lim, 2014; Katila & Ahuja, 2002; Taylor & Greve, 2006), and
often occurs via co-production among individuals inside the firm (Baker & Nelson, 2005;
Singh & Fleming, 2010; Toh & Polidoro, 2013). More generally, recombination enables the firm
to create a more heterogeneous knowledge base to capture more diverse market opportunities.

2.2 | Imitation conditions
Imitation has long been a core concern of scholars examining knowledge-based competitive advantage (Ethiraj & Zhu, 2008). Posen, Lee and Yi (2013, pp. 149–150) note that “the issue of imitation
lies at the heart of the strategy field,” and that “classical research embodies implicit assumptions that
unprotected knowledge diffuses rapidly.” Variation in the nature of imitability shapes the extent to
which knowledge is protected from spillovers (Csaszar & Sigglekow, 2010; Henderson &
Cockburn, 1996; Owen-Smith & Powell, 2003). This can arise from characteristics at the level of the
individuals, the firm itself, or the industry in which the firm operates (Barney, 1991; Lippman &
Rumelt, 1982; Reed & DeFillippi, 1990; Yin, Davis, & Muzyrya, 2014). Knowledge mobilization distributes and creates knowledge heterogeneity within the firm, and as such it can have implications
for the degree to which the firm achieves competitive advantage vis-à-vis its rivals. We focus on three
distinct imitation conditions that we posit shape the efficacy of knowledge mobilization under imitative competition: symmetry, absorptive capacity threshold, and rival population size.

2.2.1

|

Symmetry

The dimension of symmetry in imitation stems from differences among a focal firm and its rivals
with respect to who is susceptible to imitation. Knott et al. (2009) point out that there may be a
directionality in the degree of spillover of knowledge among firms. This directionality leads to
two conceptually distinct cases. On the one hand, the focal firm may be susceptible to imitation
by rivals, representing an asymmetric situation in which there is an innovator from whom
knowledge flows, and who is then subject to the downsides of spillovers of its knowledge to
competing rivals. On the other hand, competition may be more symmetric in the sense that all
firms can imitate one another. As Knott et al. (2009, p. 373) note, firms may “draw equal benefit
from the contributions of all other firms.” In our conceptualization and associated modeling
effort, we capture these ideas in our view of firms operating either in an asymmetric environment, where knowledge-based rivalry occurs such that there is a pool of imitators that can copy
the focal firm (but not vice versa); or a symmetric environment, in which all firms, the focal and
its pool of rivals included, can each copy one another.7

2.2.2

|

Absorptive capacity threshold

A second factor shaping imitation is the absorptive capacity threshold required for an imitating firm
to capture knowledge through a knowledge spillover. Absorptive capacity is a key factor influencing
7

For example, an asymmetric environment may consist of a dominant multinational in an emerging market who is
subject to imitation, while a symmetric environment may be a mobile app ecosystem where firms can easily and
commonly copy product features from one another.
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the difficulty of imitation; it reflects the idea that a knowledge spillover recipient must already hold
some threshold level of related knowledge in order to successfully copy knowledge from the source
(Cohen & Levinthal, 1990). The ability to recognize, capture, and subsequently employ knowledge
stems from having a sufficient baseline understanding upon which knowledge flows can occur. Variation in the requisite absorptive capacity threshold for imitation suggests that imitative competition
can vary in its efficacy (Posen et al., 2013) as a function of various factors that collectively influence
knowledge diffusion across organizational boundaries (Greve, 2009; McEvily & Chakravarthy, 2002;
Reed & DeFillippi, 1990; Winter, 1987; Zander & Kogut, 1995).

2.2.3

|

Population

A third factor shaping imitation is population size of the firm's rivals. The degree to which rival
imitation is of competitive concern is likely to be a function of the degree of intensity of the
firm's pool of imitating rivals (Vroom & Gimeno, 2007). Population size constitutes a key consideration in determining the degree to which characteristics of industry structure such as market concentration shape firm profitability (Bresnahan & Reiss, 1991; Demsetz, 1973; Lippman &
Rumelt, 1982). In the context of the knowledge-based competition we study, a larger pool of
rivals may increase the likelihood that a particular rival can ultimately outrace the focal firm in
addressing new market opportunities.

2.3 | Opportunity space
We consider the implications of variation in the opportunity space that firms face. Characteristics of
the opportunities flowing into a focal firm's environment over time may shape the distinctive ways
in which individual-level knowledge aggregates to enable firm-level opportunity execution. We focus
on two dimensions of prominence in prior studies: complexity and unpredictability.

2.3.1

|

Complexity

Complexity plays a particularly prominent role in work on imitation. Studies by
Rivkin (2000, 2001), for example, examine the role of complexity as a barrier to imitative competition. Other work examines how complexity shapes the tradeoff between innovation and the
deterrence of imitation (Ethiraj, Levinthal, & Roy, 2008), its contingent effects on imitation
breadth (Csaszar & Sigglekow, 2010), and its implications for knowledge flows (Sorenson,
Rivkin, & Fleming, 2006). More generally, because complexity serves to increase the difficulty
of opportunity execution, it may have varying and non-obvious effects as a function of the differences in knowledge distribution and heterogeneity that arise from the combination of intrafirm knowledge mobilization and inter-firm imitative competition.

2.3.2

|

Unpredictability

Unpredictability, which reflects the degree to which there is a predictable structure in the
stream of opportunities that arise over time in a firm's environment, holds a prominent position
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in work on firms in fast-moving knowledge-based environments (D'Aveni, 1994; Davis
et al., 2009; Eisenhardt & Tabrizi, 1995). As Davis et al. (2009, p. 432) note, unpredictability captures factors such as “uncertainty, turbulence, and volatility” which collectively reflect a lack of
patterning in a firm's opportunity space. Unpredictability is a central factor in contingency theory (Lawrence & Lorsch, 1967), as well as in work that builds on and extends the RBV
(Barney, 1991; Wernerfelt, 1984). Work distinguishing between property-based and knowledgebased resources (Lippman & Rumelt, 1982), for example, shows that knowledge-based resources
(vs. property-based resources) are particularly sensitive to environmental unpredictability
(Miller & Shamsie, 1996). In a setting where firms must mobilize knowledge under the threat of
ongoing imitation-based competition, the degree to which opportunities that emerge vary in
their degree of “patterning” is likely to influence the value of similar knowledge held by the
focal firm, as well as the value to rivals of imitating this knowledge.

3 | M OD E L
3.1 | Individual-level knowledge and opportunity execution
We conceptualize firms in our model as operating in a market with a continuous flow of
heterogeneous opportunities (Davis et al., 2009). Each market opportunity has 10 binary
features (e.g., a particular opportunity may be represented by the vector “1000110011”).
Multiple such opportunities, differing in their pattern, flow into the environment over time,
with the stochastic process generating these opportunities tunable via a set of parameters
described below.
A given firm consists of a group of individuals connected through network ties, with
heterogeneous knowledge distributed across these individuals that can be used to execute
opportunities (Bingham & Davis, 2012; Gavetti, Levinthal, & Rivkin, 2005; March, Schulz, &
Zhou, 2000). Each individual holds a portfolio of knowledge vectors, with each vector having 10 binary features (e.g., 1011100001). Individuals can have different knowledge portfolios: for example, Bob may know 1001101100 and 1011100001, while Jane knows
1011100001, 1111010000 and 0000101111. Thus, individuals at any given point in time can
be endowed with different quantities of knowledge (e.g., Bob knows 2 knowledge vectors,
while Jane knows 3) as well as with potentially overlapping portfolios (e.g., Bob and Jane
both know 1011100001).
Intra-firm network connections involve the presence or absence of a tie between any
two individuals. Ties are symmetric. Thus, for an organization with N individuals the intraorganizational network is a symmetric N × N matrix with binary entries.8 For each simulation run, we initialize firms using the Erdös-Renyi (ER) network model, the simplest
method for generating random networks consisting of N nodes (individuals) and mean
degree K (average number of connections per individual). For all potential pairs of individuals, this model assigns ties with equal probability, conditional on N and K. Using this random network generating model ensures that inferences are not the result of selecting a
specific structure for the network. Our results are robust to values of N and K above a
8

While it is possible to construct more complicated network models that, for example, incorporate variability in the
strength, asymmetry, and multiplexity of ties between individuals, our model is sufficient to capture the mechanisms of
theoretical interest.
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minimal density threshold (N > 4, K > 2)—that is, where networks are partially connected
with some sparseness. We model firms with N = 20 and K = 4, values that might represent
a stereotypical entrepreneurial firm operating in a fast-moving technology-based market
setting.9
New opportunities arise stochastically in the environment, where they can then be discovered by the organization. The parameter Pd represents the probability that a particular opportunity will be discovered by a specific individual in each period of the simulation.10 In the
baseline model of opportunity execution that does not employ the knowledge mobilization
mechanisms described in the next section, individuals simply apply their existing knowledge
vectors to execute the opportunity. It is successfully executed when a knowledge vector held by
the individual matches a sufficient number of the features of the opportunity (as determined by
complexity, discussed below). An individual that successfully executes an opportunity is occupied (and thus unavailable to execute other opportunities) for the remainder of the period that
the opportunity is available (Figure 1).11

3.2 | Knowledge mobilization
As discussed in the prior section (see also Table 1), we model three knowledge mobilization
mechanisms which alter the heterogeneity and distribution of knowledge within a focal
firm by allowing knowledge to move from one individual to another (transfer), for individuals to access knowledge from other individuals to whom they are connected (collaboration), and for connected individuals to create new knowledge with other individuals to
whom they are connected from fragments of the individuals' existing knowledge
(recombination).
Transfer is conceptualized as the ongoing diffusion of knowledge between individuals
connected via network ties (e.g., Argote, 1999; Hansen, 1999; Szulanski, 1996). When
transfer is activated, in each time period a focal individual who discovers an opportunity
will, with some probability P t , learn a randomly selected knowledge vector from a randomly selected partner (from among those to whom the focal individual is connected).
For example, if Jane and Bob are connected via a network tie, Jane can transfer
1111010000 to Bob. Once Bob knows 1111010000, he can use it to execute opportunities.
In any given period, individuals can only learn from one partner at a time, consistent with
the idea that knowledge transfer entails a cognitive burden on the individuals involved.
9

We examined robustness to larger and denser networks, as well as to alternative network generating models such as
Ring-Lattice, Watts-Strogatz, and Barbasi, allowing us to explore the implications of our assumption of randomness in
interactions. Our main insight was that a core driver of randomness in interactions relates to network structure itself.
Variation in network density, defined as the average number of ties, K, per individual, N, plays a key role. Less dense
networks (sometimes called “sparse” networks) lead to more randomness in interactions, as interactivity is determined
by the few partners an individual happens to possess. Networks that are denser produce more predictable patterns of
interactions, with the ultimate limit being that every individual could potentially access knowledge from every other
member of the organization. We explored density by varying N and K, with our experiments showing that our insights
are generally robust to such variation.
10
While in theory multiple individuals might discover and try to execute the same opportunity, we set Pd = .01, with this
relatively rare value consistent with work on opportunity discovery in dynamic markets (Kirzner, 1997; Shane, 2000).
11
We conducted robustness checks on variation in the length of the window of opportunity. Beyond a certain level, a
larger window of opportunity reduces differences between short- and long-run performance and can harm performance
by occupying individuals with an excess of difficult opportunities over longer periods of time.
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F I G U R E 1 A model of heterogeneous opportunity execution with distributed knowledge

Once a particular knowledge vector is transferred to an individual, it is retained by the
recipient for future use. 12
Collaboration is conceptualized as opportunity execution through the use of knowledge
from an individual's network ties, consistent with work on team-based projects
(e.g., Choudhury & Haas, 2018; Hansen et al., 2005; O'Leary et al., 2011). When collaboration is
activated, a focal individual who discovers an opportunity in a given time period can, with probability Pc, use their partners' knowledge to execute the opportunity. For example, suppose Bob
12

Given that transfer occurs only from one individual to whom the focal individual is connected, and also that there
may be overlap in knowledge among individuals, resulting in no net knowledge gain, our parameter settings broadly
capture the essence of Szulanski's (1996) argument that transfer is rare, difficult, and not always effective in pushing
knowledge around. Moreover, our concern is with transfer among individuals. An extension of our model might
consider sub-units consisting of multiple individuals. In that case, knowledge transfer from one sub-unit to another
might be even more difficult and rare.
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is connected to Jill, David, Maria, and Jane. If Bob discovers an opportunity, but only David has
a knowledge vector that will produce a match (e.g., 1001101111), Bob would be able to mobilize
Dave's knowledge vector to execute the opportunity. As such, Bob's space of available knowledge that can be applied to executing a market opportunity is expanded to include Dave's existing knowledge. In our model, we incorporate a form of knowledge accumulation: individuals
who collaborate to execute an opportunity will, after the collaboration, both retain a copy of the
knowledge vector.13 In our example, this means that when Bob uses Dave's knowledge to execute an opportunity, Bob would retain Dave's knowledge vector even after the collaboration.
Recombination is conceptualized as the execution of an opportunity by combining elements
of knowledge from a focal individual and one of her partners (e.g., Fleming, 2001; Galunic &
Rodan, 1998; Hargadon & Sutton, 1997). When recombination is activated, an individual will,
with probability Pr, combine a randomly selected knowledge vector with one of her partners'
vectors to execute the opportunity. Thus, in contrast with collaboration, where a focal individual is able to access the existing knowledge of a partner, in the case of recombination, new
knowledge is created from the existing knowledge of two connected individuals, with this new
knowledge then used to execute an opportunity within the space of available market opportunities. For example, Bob and Jane can create the new combination of actions 1001101111 by
recombining the “10011” actions from Bob's first knowledge vector (1001101100) and the
“01111” actions from Jane's third knowledge vector (0000101111) to execute the opportunity
1001101111. Just as with collaboration, we model a form of knowledge accumulation so that
after recombining vectors to execute a market opportunity, both individuals retain the resulting
knowledge vector (Figure 2).

3.3 | Imitation conditions
In addition to the focal firm, we model a pool of rival firms that simultaneously execute market
opportunities as they arise in the environment. Focal firm knowledge can spill-over to these
rivals, at the rate Ps, representing the probability an individual in a competing organization can
copy a knowledge vector from the focal firm. As discussed in the prior section, we consider variation in the following imitation conditions: symmetry, absorptive capacity threshold, and population size.
With symmetry, the imitation environment in which the focal firm and pool of rivals operate
can take on one of two forms in our model. Under asymmetric imitation, imitation occurs in
only one direction: rivals can imitate knowledge from the focal firm. By contrast, under symmetric imitation, a situation that represents an industry environment where imitation is much
more prevalent, any organization can imitate any other organization: that is, rivals can imitate
knowledge from other rivals, and in addition, the focal firm can imitate its rivals.
With absorptive capacity threshold, we capture the required level of prior knowledge needed
by an imitating organization to incorporate a particular knowledge vector from the focal firm
(or another rival) into its knowledge base (Cohen & Levinthal, 1990). In the case of asymmetry
this threshold level of absorptive capacity is relevant only to the rival population, as under
13

Retaining the knowledge vector means that either individual can then use it to execute future related opportunities.
The number of opportunity features that must be matched in order for an individual to execute an opportunity is
determined by the complexity parameter; thus, except in cases where complexity is at its highest level, knowledge
accumulation will serve to expand the available base of knowledge for individuals to execute opportunities.
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asymmetry the focal firm's rivals are the only possible recipients of knowledge spillovers, and in
the case of symmetry this threshold level of absorptive capacity is applicable to both the rivals
and the focal firm. Conditional on a knowledge vector spilling-over to a given firm, the absorptive capacity threshold determines whether or not the imitating firm is able to capture that
knowledge vector, incorporate it into its knowledge base, and use it to execute future opportunities. This allows us, therefore, to parameterize the difficulty of imitation. We define absorptive
capacity threshold as the number of elements of a knowledge vector needed to match an existing
knowledge vector held by the recipient in order for the recipient of the knowledge spillover to
incorporate the knowledge into their knowledge base. A higher threshold implies that imitation
is more difficult.
With population size, we vary the number of firms in the pool of rivals, which thus affects
the intensity of competition the focal firm faces.

3.4 | Opportunity space
In addition to varying the imitation conditions as described above, we also consider variation in
the complexity and unpredictability of the firm's opportunity space.14,15
We operationalize complexity as the number of opportunity features that must be correctly
matched in order for an individual to capture the opportunity. As an example, for an individual
to use the knowledge vector 1111100010 to execute the opportunity 1011101100, six opportunity
features need to be correctly matched: 1x1110xxx0. In this case, for complexity ≤6 the opportunity would be executed, while for complexity >6 it would not. In our model, since there are
10 features for each market opportunity, the value of complexity ranges from 0 to 10. This conceptualization is consistent with prior literature viewing complexity as stemming from the number of contingencies that must be correctly realized to avoid errors and ensure proper plan
execution (e.g., Lawrence & Lorsch, 1967; Simon, 1962; Sipser, 1997). For example, in the biotechnology industry, high complexity arises from the need to correctly align a large number of
opportunity features such as R&D, manufacturing, regulation, and marketing (Hill &
Rothaermel, 2003).
We measure unpredictability with a measure of opportunity entropy (Cover &
Thomas, 1991). In this measure, unpredictability is determined by the probability, for each of
the 10 features in a particular market opportunity, that a particular feature is equal to 1, a value
we denote by p(1) (as distinct from the probability a feature is equal to 0, p[0]). When p(1) = .5
the distribution of 1s and 0s is perfectly random (e.g., 50/50 chance of 1 or 0) and
14

We draw on Davis et al.'s (2009) definitions of complexity and unpredictability. Complexity refers to the number of
elements that need to match in order for a firm to execute an opportunity; it thus reflects the level of difficulty in
matching a knowledge vector with an opportunity (Simon, 1962). This conceptualization draws from Dess and
Beard (1984) and is consistent Miller, Ogilvie, and Glick's (2006) idea of numerosity underpinning complexity.
Unpredictability refers to the degree of structure in the firm's knowledge environment, and also draws from Dess and
Beard (1984), as well as on Miller et al. (2006).
15
We also explore other characteristics of the opportunity emergence process, including velocity and the window-ofopportunity. For example, the number of opportunities that flow in each time period is determined by the Poisson
arrival time distribution with rate λ (Davis et al., 2009). For simplicity, the velocity of opportunity flow, λ, is set to 1 per
time period. In addition, consistent with work on the dynamics of heterogeneous opportunities (Adner &
Levinthal, 2001; Tyre & Orlikowski, 1994) opportunities expire when their “window of opportunity” closes. The window
of opportunity, W, is set to W = 20 in our simulations. Variation in these two factors does not materially change our
insights.
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unpredictability is at its maximum, but when p(1) moves away from .5 the market becomes
more predictable with a skewed ratio of 1s and 0s (e.g., 70/30 chance of 1 or 0), and
unpredictability is lower. Unpredictability is measured as the entropy of opportunities: U = −
P
P
p * log2(p). In our case, each element takes on two alternatives (0 or 1), so that U = −
p * log2(p) = −p(0) * log2(p(0)) + −p(1) * log2(p(1)) where p(0) = 1 − p(1). For example, when p
(1) = .7, unpredictability is relatively low with U = −.7 * log2(.7) + .3 * log2(.3) = .88. By contrast, when p(1) = .5 (i.e., a perfectly random distribution of 0s and 1s), unpredictability is at its
maximum value of U = 1. This captures the intuition that unpredictability decreases the pattern
that firms can exploit with similarly tuned knowledge (Galbraith, 1973).

4 | ANALYSIS
The experiments we conduct with our model allow us to examine the impact of mobilizing
individual-level knowledge on a focal firm's ability to capture market opportunities in the presence of imitating rivals. We center our attention on an outcome variable that captures the
cumulative number of opportunities executed by either the focal firm or by a representative rival
in a particular period. We refer to this outcome as the performance of the firm (whether focal or
rival) in that period. We are also interested in the performance of the focal firm relative to its
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rival. We label this competitive advantage, which we define as focal firm performance minus the
performance of a representative rival firm in a given time period.16 In our experiments we focus
first on the separate performance (i.e., number of opportunities executed) of the focal firm and
a representative rival under various combinations of imitation and opportunity space. This
allows us to develop insights into the dynamics shaping competitive advantage. In a final
section we examine how these factors come together to influence overall focal firm competitive
advantage.
In Figures 3–6, we report focal and representative rival firm performance in period 200.
Performance levels represent the cumulative number of unique opportunities executed by
the firm at period 200, with each value averaged over 100 simulation trials.17 Period 200 represents a long-term, steady-state level of performance. In Figures 7 and 8, we then roll-up
these performance levels to overall focal firm competitive advantage, plotting time series
values through period 500 to understand the degree to which competitive advantage is sustainable over time. The number of simulations we run is sufficiently large to obtain precise
estimates, and all comparisons discussed in the text are statistically significant at the 1%
level.
For each simulation run we randomly initialize the intra-organizational network, and
then allow opportunities to stochastically arise in the environment with rate λ = 1. Each
opportunity remains in the environment for 20 periods, or until executed by an individual.
The probability that an individual will discover an opportunity in any given period is tuned
with the parameter Pd, set to .01 throughout our experiments. In any given set of experiments, either no mobilization mechanism is active, or one of the three mechanisms is
active. When active, there is a 50% chance that each individual will engage in the mechanism in each time period.18

4.1 | Variation in imitation conditions
Figures 3 and 4 report a first set of experiments in which we examine knowledge mobilization implications for focal and rival performance by varying three imitation conditions:
(a) difficulty of imitation (absorptive capacity), which is captured by the degree to which
the imitating firm's knowledge base needs to match that of the firm being imitated in order
for imitation to occur; (b) the symmetry of the conditions under which the focal firm is
competing, which determines whether it is only the focal firm that is subject to imitation
(asymmetric) or whether all firms, including the focal as well as its pool of rivals, can imitate one another (symmetric); and (c) the size of the rival population (population).19 Performance outcomes, as noted above, are reported averages of either focal or rival firm
opportunities executed at period 200.
As noted previously, we use the terms “performance” and “competitive advantage” as shorthand for the knowledgebased firm-level outcome of opportunity execution; performance and competitive advantage in the broader sense are
dependent on numerous other factors outside the scope of our model.
17
Using a larger number of runs and time periods did not yield significantly more precision in our reported experiments.
18
Our model parameters are thus set to Pt = .5, Pc = .5, or Pr = .5 when a particular knowledge mobilization mechanism
is activated. We find that our results are robust to other non-zero probabilities for these values.
19
The rate of knowledge spillover is set to Ps = .1 in our model. We experimented with other imitation probabilities,
finding that our key insights are robust to other non-zero values. Larger values accelerate the level of unsustainability of
competitive advantage.
16
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F I G U R E 3 Opportunities executed—varying absorptive capacity threshold

4.1.1

|

Absorptive capacity threshold and imitation symmetry

Figure 3 reports the effect of knowledge mobilization under varying sets of competitive conditions. The four panels show the focal firm employing either no such mechanism (top left), collaboration (bottom left), transfer (top right), or recombination (bottom right). The x-axis varies
the required absorptive capacity threshold. The values on the x-axis are the number of knowledge elements that need to match for a spillover to occur—as such, the left side of the axis
reflects a lower difficulty of imitation, and the right side of the axis reflects a higher difficulty of
imitation.20 When the absorptive capacity threshold is lowest (left-most spot on x-axis), imitation is a function of the rate at which knowledge spillover occurs, as determined by Ps. When
absorptive capacity threshold is at its highest (right-most spot on x-axis), the imitating firm
must have another knowledge vector that matches all of the elements of the knowledge being
received minus 1. The y-axis represents opportunities executed (as noted above, at period 200)
for either the focal or representative rival firm. Rival population size is fixed at 4 (we vary this
in later analyses).
Each panel shows focal and rival results under two sets of imitation conditions: asymmetric,
where only the focal firm is subject to imitation by the pool of rivals; and symmetric, where each
firm (the focal firm, along with the pool of imitating rivals) can imitate every other firm. These
20

Recall that the absorptive capacity threshold captures the number of knowledge elements that need to match in order
for imitation to occur. Going from left to right on the x-axis reflects an increase in this number of required matches.
Thus, the lowest value of the x-axis is where imitation is least difficult; and the highest value of the x-axis is where
imitation is most difficult.
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conditions allow us to examine the implications of knowledge mobilization under varying
forms of susceptibility to imitation. We show focal and rival results for each of the two imitative
conditions: the solid black (focal) and solid gray (rival) lines show the case of asymmetry, while
the dotted black (focal) and dotted gray (rival) lines show the case of symmetry. Note that the
rival lines depict results for a single representative rival chosen randomly from among the pool
of (homogenous) rivals.
Turning first to the case of asymmetry (solid black and solid gray lines), we examine as a
baseline the case of no knowledge mobilization mechanism being employed (top-left panel of
Figure 3). As that panel shows, the focal firm is at a performance disadvantage relative to a representative rival over the range of the absorptive capacity parameter space. As the absorptive
capacity threshold increases (moving left to right on the x-axis), however, the focal firm closes
the performance gap. This concords with intuition: in the asymmetric case, rivals imitate the
focal firm, but not vice versa; thus, a focal firm not employing any form of knowledge mobilization is at a disadvantage. As imitation becomes more difficult due to an increasing threshold of
absorptive capacity required for successful imitation, the gap narrows, to the point where when
the absorptive capacity threshold is very high (i.e., the right-most point of the x-axis), performance of the focal and rival are roughly equivalent.
In the remaining three panels, the solid black and solid gray lines show focal and rival
performance with the focal firm employing either collaboration, transfer or recombination.
Turning to collaboration under asymmetric imitation, we see that the focal firm continues to
under-perform for most levels of absorptive capacity threshold, although when the absorptive
capacity threshold is high (right side of the x-axis), the focal firm is able to overcome the disadvantage stemming from rival imitation. When employing transfer and recombination the overall performance pattern for the focal and rival firms is similar. However, the focal firm is able to
close the performance gap even at a lower absorptive capacity threshold (left side of the x-axis)
in the case of transfer; and with recombination, the focal firm clearly enjoys a substantial
advantage even when the absorptive capacity threshold is low.
The differences among the mechanisms in the asymmetric imitation case illustrate the point
that alternative knowledge mobilization mechanisms can shift the performance balance
between focal and rival. The mechanisms work in distinct ways. Both collaboration and transfer
work by distributing knowledge around the firm. While collaboration enables a focal firm to
access a broader knowledge base to address market opportunities (and to retain any knowledge
that is then used), transfer works by moving knowledge among the inter-connected individuals
within the firm. In contrast with collaboration and transfer, which alter the ways in which
knowledge is distributed around the firm, recombination alters the heterogeneity of the firm's
knowledge. As Figure 3 suggests, this has implications in the asymmetric imitation case for
whether the firm is able to counter the downsides of imitation.
We turn next to focal and rival performance in the symmetric case (dotted black and dotted
gray lines). In this case the focal and rival firms can all imitate one another: each firm is symmetric with respect to its ability to imitate as well as its susceptibility to imitation. When no knowledge mobilization mechanism is employed by the focal firm (top left quadrant of Figure 3), both
the focal and rival firms are nearly indistinguishable. This concords with intuition, as in the
absence of any knowledge mobilization mechanism, no firm is at an advantage. Moreover, as the
absorptive capacity threshold increases (i.e., going from left to right, making imitation more difficult), there is no advantage to either firm: greater imitation difficulty uniformly affects focal and
rivals. By contrast, when we employ any of the three knowledge mobilization mechanisms, as the
absorptive capacity threshold increases and imitation becomes more difficult (moving from left to
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right on the x-axis), there is a point beyond which the focal firm's use of a particular knowledge
mobilization mechanism counteracts the downsides of rival imitation.

4.1.2

|

Knowledge spillover-sharing

Having discussed performance separately for the focal and rival firms under alternate imitation
conditions, it is informative to directly compare focal firm performance under the asymmetric and
symmetric cases (i.e., the solid black and dotted black lines). What is surprising here is that at
higher absorptive capacity thresholds—that is, beyond a point where imitation continues to occur,
but is much more difficult—a focal firm employing either transfer or recombination is better off
under asymmetric imitation conditions (where only the focal firm is imitated) than it is under symmetric imitation conditions (where all rivals can be imitated as well). For the case of recombination this is true across the entire absorptive capacity threshold parameter space: a focal firm
employing recombination performs uniformly better in asymmetric versus symmetric conditions.
The downside of employing recombination (and under higher levels of absorptive capacity,
transfer) as the competitive environment moves from asymmetry to symmetry is puzzling, as in
both cases the focal firm is being copied by rivals. In contrast with asymmetry, where the focal
firm is unable to copy its rivals, in the case of symmetry the focal firm can copy its rivals. Thus,
one would expect that allowing the focal firm to expand its knowledge portfolio by imitating
rival knowledge should be a net benefit, rather than a cost, to the focal firm. The explanation
lies in another aspect of symmetric imitation, which is that rivals can also copy each other as
well as the focal firm. We term this a knowledge spillover-sharing process among rivals to distinguish it from simple knowledge spillover from the focal firm to its rivals. When a firm employs
a knowledge mobilization mechanism such as recombination, it creates knowledge heterogeneity that benefits its pool of rivals as a whole at a greater rate than it benefits the focal firm itself.
This discussion points to a key downside associated with employing powerful knowledge
mobilization mechanisms in the face of imitation: as the imitative environment shifts toward
greater symmetry, investments in mechanisms such as recombination and transfer can backfire
by providing greater benefits to the pool of rival firms than to the focal firm. With rival firms
using this knowledge, the value to the focal firm is diminished. This is the case in particular for
the heterogeneity-inducing mechanism of recombination, but also for the distribution-inducing
mechanism of transfer beyond a certain absorptive capacity threshold.

4.1.3

|

Population size

To further explore the issue of rivals capturing the benefits of the knowledge the focal firm generates, in Figure 4 we examine variation in rival population size. Whereas in Figure 3 we held
population size constant at four rivals, in Figure 4 we hold the absorptive capacity threshold
constant at 4, and instead vary rival population size. The panels in Figure 4 are analogous to
those in Figure 3 (i.e., they represent the four knowledge mobilization situations). The x-axis
varies the rival population size from 2 to 10.
As Figure 4 shows, as rival population size increases, the number of opportunities executed
for both the focal and rival firm, under both sets of imitation environments, decreases. This
concords with our expectation that greater levels of competition should reduce the performance
of each market player. However, what is interesting is that this figure allows us to gain greater
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F I G U R E 4 Opportunities executed—varying population size

confidence in the mechanism underlying our insight that moving from asymmetry to symmetry
in competitive conditions reduces the benefits to the focal firm of investments in the more powerful knowledge mobilization mechanisms such as transfer.
To understand how, it is important to underscore the key role of the entire pool of rival
firms here: when rivals can copy one another, this effect counter-acts (and more) any benefit
the focal firm gains from also being able to copy its rivals. While each individual rival effect
may be small, the collective impact of a rival population is such that it eliminates many of the
benefits of knowledge mobilization. Reducing the size of the rival population mitigates this
downside. We can observe this effect with recombination in particular: as the rival population
declines, the number of opportunities executed by the focal firm converges for the symmetric
(dotted black) and asymmetric (solid black) cases, thus removing the knowledge spilloversharing “penalty” for employing recombination in the symmetric case.
Taken together, the results in this sub-section illustrate that the value of employing alternative knowledge mobilization mechanisms is shaped by the symmetric (or not) nature of imitation, together with the absorptive capacity threshold required for imitation to occur. In the case
of symmetry, knowledge spillover-sharing among rivals can result in a focal firm's rivals
benefiting more than the focal firm itself from the focal firm's use of knowledge mobilization,
an effect contingent on rival population size.

4.2 | Variation in complexity and unpredictability
We turn next to the implications of varying characteristics of the firm's opportunity space,
focusing on complexity and unpredictability. While complexity captures the difficulty in
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executing opportunities, as determined by the number of elements of a knowledge vector that
must match the market opportunity in order for the opportunity to be executed,
unpredictability captures the degree to which opportunities flowing into the environment have
a predictable structure.

4.2.1

|

Complexity

In Figure 5, we report focal and rival firm performance under levels of complexity ranging from
5 to 10. The structure of these panels mirrors Figures 3 and 4, except that the x-axis in this case
is the range of complexity values, with imitative bias set at 4, population size at 4, and
unpredictability such that p = .8. We show performance of the focal firm (black lines) and a representative rival (gray lines) for the asymmetric (solid lines) and symmetric (dotted lines) conditions across each of the four knowledge mobilization cases (no mechanism, collaboration,
transfer, and recombination).
Turning first to asymmetric competition, that is, the solid black (focal) and solid gray (rival)
lines, we see that at the lowest level of complexity, when there is no knowledge mobilization
mechanism employed, imitation hurts the focal firm. Transfer, collaboration, and recombination, however, each enable the focal firm to close the gap between focal and rival at the lowend of the complexity range. With increasing complexity, transfer and recombination are more
powerful with respect to closing the focal-rival gap. Collaboration, however, is unable to close
the gap at medium levels of complexity. At the high-end of the range of complexity, however, it
is notable that recombination, in contrast with the other knowledge mobilization mechanisms,
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allows the focal firm to achieve higher performance levels than the rival. Thus, recombination,
with its generative power that increases heterogeneity in the focal-firm knowledge base,
counter-acts rival imitation.
Turning next to symmetric competition, that is, the dotted black (focal) and dotted gray
(rival) lines, we see a familiar pattern with no knowledge mobilization: focal and rival are the
same. Recombination operates similar to that way it operates in the asymmetric case, except
that the focal firm does relatively worse under symmetric versus asymmetric conditions at
medium-high levels of complexity, a result stemming from the knowledgespillover-sharing
effect noted above.
What is interesting, however, is that in the case of both collaboration and transfer under
symmetric competition, the focal firm performs better than a representative rival under higher
levels of complexity by employing either of these two knowledge mobilization mechanisms.
Thus, knowledge mobilization benefits accruing to the focal firm are not imitable by rivals. By
distributing knowledge (via collaboration and transfer) and by creating new knowledge (via
recombination) in complex environments, the firm produces knowledge advantages that cannot
be competed away by a pool of rivals. We return to this in our discussion of unpredictability
below.

4.2.2

|

Unpredictability

In Figure 6, we report focal and rival firm performance under levels of unpredictability ranging
from p = 1.0 to .5, so that the resulting value of unpredictability increases as we move from left
to right on the x-axis.21 The structure of these panels mirrors the previous figure, with complexity held constant at C = 8, absorptive capacity threshold at 4, and population size at 4. Across
the range of unpredictability values, we see patterns that echo what we found with complexity,
but with important differences. Whereas an increase in complexity reduced performance for
both focal and rival firms, an increase in unpredictability reduces focal but not rival firm performance (under both asymmetric and symmetric competition). Thus, the rival benefits accruing
as a result of imitation seem to be less sensitive to an increase in unpredictability as compared
to complexity.
Unpredictability has several additional notable differences as compared to complexity. First,
in contrast with greater complexity, where both collaboration and transfer lead to positive relative performance benefits for the focal firm under symmetric competition, with greater
unpredictability, none of the knowledge mobilization mechanisms allow the focal firm to benefit with symmetric imitation. This is because complexity and unpredictability have distinct
effects with regard to the value of the firm's knowledge base. While higher complexity simply
diminishes the number of knowledge vectors that execute opportunities by making matching
more difficult, greater unpredictability reduces the ability of any given pattern to be encoded in
the external environment. While this does raise the difficulty of matching knowledge to opportunities, it also reduces the value of a particular pattern being encoded in a firm's knowledge
base. This is important, because when employing a given knowledge mobilization mechanism,
knowledge accumulation implicitly selects knowledge that is a better fit to the environmental
At the left-most point of the x-axis in each of the panels in Figure 6, p = 1, and unpredictability (U) is undefined. As
p declines from 1 to .5 (moving left to right), U increases to its maximum level. In other words, U is at its maximum
level of U = 1 when p = .5, which is the right-most point on the x-axis in each of the panels.
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conditions in which the firm operates: that is, as opportunities are executed, related knowledge
continues to accumulate. As unpredictability increases, however, the value of this accumulated
knowledge goes down. With complexity, by contrast, the value of the knowledge is
undiminished, even though difficulty of execution increases.
As a consequence, a focal firm's relative performance under symmetric competition is differentially shaped by complexity and unpredictability. The difference is a function of whether the
firm's existing knowledge base is devalued or not. This explains why transfer is generally less
sensitive to increasing unpredictability: devaluing knowledge has a reduced effect on transfer
because knowledge selection plays a less central role in shaping the benefits of this mechanism.
It also explains why the recombination benefits arising under symmetric imitation with high
complexity are dissipated under higher levels of unpredictability: the benefits to complexity are
most valuable when unpredictability is not too high.
Taken together, the results in this sub-section suggest that complexity and unpredictability
operate in different ways to shape knowledge mobilization benefits by altering the degree to
which a firm's accumulated knowledge base continues to be valuable (or not).

4.3 | Sustainability of competitive advantage
Thus far we have focused on the underlying components of competitive advantage—that is,
focal and representative rival firm performance as measured by opportunities executed. We
now turn our focus to overall competitive advantage, defined as the cumulative number of
opportunities executed by the focal organization, less those of an average rival organization. In
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contrast with prior figures where we plot performance at period 200, we show time series charts
in order to track whether competitive advantage exists and persists over time.22
In Figure 7, the two left panels show competitive advantage under asymmetric competition,
and the two right panels show symmetric competition. The top versus the bottom panels show
differences as the absorptive capacity threshold increases (from medium to high). Turning first
to the two left panels in Figure 7 (asymmetry), we see that at lower absorptive capacity thresholds, where imitation is easier (top left), only recombination allows the focal firm to maintain a
sustainable competitive advantage. The other knowledge mobilization mechanisms, collaboration and transfer, both result in the focal firm having what can be termed a sustainable competitive disadvantage, although both allow the firm to benefit vis-à-vis having no such mechanism.
In the bottom left panel, we then increase the absorptive capacity threshold, thereby increasing
the difficulty of imitating the focal firm. While having no knowledge mobilization mechanism
continues to be competitively disadvantageous, employing the other knowledge mobilization
mechanisms does allow the focal firm to retain its competitive advantage over time.
In the right two panels of Figure 7 we then show symmetric competition. As the top right
panel illustrates, at a lower absorptive capacity threshold, employing transfer, collaboration, or
no knowledge mobilization mechanism results in the focal firm's competitive advantage being
indistinguishable from zero. In other words, the focal firm is unable to use its knowledge mobilization mechanisms to overcome the challenges of operating under symmetric competition.
This suggests that even if the focal firm could imitate its rivals, the pool of rivals imitating each
22

In these graphs, values above zero can be seen as competitive advantages, while those below can be seen as
disadvantages.
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other via knowledge spillover-sharing can reduce the firm's ability to sustain competitive advantage. As imitation becomes more difficult (bottom right panel of Figure 7), competitive advantage of the various knowledge mobilization mechanisms increases. However, even then, the
relative level of competitive advantage of the firm is lower than it is under asymmetric competition, suggesting that the effect of having a pool of rivals imitate the focal firm has a strong negative effect on the focal firm's ability to sustain its competitive advantage.
In our discussion of competitive advantage thus far we have kept complexity and
unpredictability constant. Because competitive advantage is most sensitive to complexity, in
Figure 8 we seek to understand the implications of increasing the level of complexity. The four
panels in Figure 8 are structured similarly to Figure 7, except that they set complexity to a
higher level (Complexity = 9, vs. 8 in the prior Figure). While the increase in complexity alters
the magnitude of the patterns in the top left panel, the overall pattern remains the same: recombination shows a sustainable competitive advantage over time, while the other knowledge
mobilization mechanisms do not. As the absorptive capacity threshold (i.e., the difficulty of imitation) increases, however, we see that the three knowledge mobilization mechanisms do provide the firm with a sustainable competitive advantage. Of course, having no knowledge
mobilization mechanism in the context of asymmetric imitation continues to be
disadvantageous.
What is particularly interesting, however, is the implications of going from asymmetric to
symmetric imitation at this higher level of complexity. Whereas with lower complexity and a
lower absorptive capacity threshold (e.g., the top right panel in Figure 7) the beneficial effects
of knowledge mobilization are eliminated by symmetric competition because rivals gain more
from the focal firm's knowledge mobilization mechanisms than the focal firm, at higher levels
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of complexity these downsides are no longer apparent. This is because the value of generating
heterogeneity is far greater in very difficult complex environments than the power of imitating
in conditions where substantial related knowledge must be present to absorb spillovers. With
recombination, the firm is able to sustain competitive advantage in the face of symmetric imitation, across varying levels of the absorptive capacity threshold.
Taken together, our results in this sub-section point to the difficulty of generating sustainable competitive advantage under conditions of imitation. Only recombination, under conditions of high complexity, has the potential to generate a longer-term sustainable advantage.

5 | DISCUSSION AND CONCLUSION
While the strategy literature has acknowledged the central role of individuals in the process of
innovation, limited progress has been made in advancing a theory that describes how
individual-level knowledge aggregates to influence firm-level outcomes. Our contribution to the
strategy literature is a microfoundational theory examining the aggregation process linking
individual-level knowledge to firm-level innovative opportunity execution, taking into consideration intra-firm and inter-firm interactions among individuals. Our theory illustrates how alternative design choices for mobilizing individual-level knowledge in a firm differentially shape
the distribution and heterogeneity of a firm's knowledge pool, in turn influencing firm-level
opportunity execution (D'Aveni et al., 2010; Roy et al., 2018; Wiggins & Ruefli, 2005) in the context of imitation-based competition (Ethiraj & Zhu, 2008; Knott et al., 2009; Posen &
Martignoni, 2018). By abstracting away from variation in knowledge tactiness (Knott, 2003;
Reed & DeFillippi, 1990; Spender, 1996), a factor central to much of the prior literature on
knowledge-based advantage, we generate new insights into the microfoundational underpinnings of firm-level innovation and knowledge-based competitive advantage.
We develop several theoretical insights, which derive from how knowledge mobilization
shapes differences in the heterogeneity and distribution of firm knowledge under alternative
imitation and opportunity space conditions, and which lend themselves to further development
and testing in future empirical research. First, we find that the degree to which knowledge
mobilization is beneficial depends critically on the symmetry of the competitive environment in
which the focal firm operates. In more symmetric environments, investments in knowledge
mobilization mechanisms can backfire, with rivals gaining more than the focal firm because of
knowledge spillover-sharing among rivals. Second, we find that there are differences across
knowledge mobilization mechanisms that arise as an outcome of the interplay between knowledge mobilization and the complex and unpredictable nature of the firm's opportunity space.
These differences arise because of how different knowledge mobilization mechanisms
operate—for example, by distributing knowledge more widely throughout the firm, or by leaving the firm with a more heterogeneous knowledge base. Finally, we find that the sustainability
of competitive advantage is rare, except in very particular circumstances. Even if knowledge is
difficult to imitate, any advantage stemming from transfer, for example, will dissipate. In fact, it
is only the recombination of complex knowledge that can potentially generate sustainable
knowledge-based competitive advantage over time.
There are some limitations of our work, which center on our focal outcomes of interest as
well as on the way in which we characterize knowledge. Most importantly, our focus has been
on the factors that shape opportunity execution by firms operating in the context of imitationbased competition. As such, our modeling choices focus on a narrow set of intra- and inter-firm
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knowledge-based factors that can influence firm-level outcomes. Consequently, the labels we
ascribe to our outcomes of interest, “performance” and “competitive advantage,” necessitate
the important caveat that our focus is purely on (a) opportunity execution and (b) knowledgebased advantage. There are numerous other factors strategy scholars have studied that could
intervene to shape the link between the execution of opportunities and competitive advantage
as defined in the broader sense. In addition, our focus on knowledge is somewhat specific. We
focus only on individual-level knowledge, and not on knowledge residing at the team or organizational levels; and as noted above, we abstract away from characteristics of knowledge such as
its tacitness. While these caveats impose boundary conditions on the interpretation of our
results, they have also allowed us to uncover a set of theoretical mechanisms that strategy
scholars may seek to further understand, perhaps by considering their interaction with the factors we have held constant in this study.
There are several underlying assumptions in our model which may be relaxed in future
research. One set of assumptions relates to our focus on opportunity execution, which implicitly
suggests that the primary threat faced by firms is not keeping up with competitive opportunities. Related to this is the assumption that opportunities are independent of one another insofar
as the execution of any given opportunity by one individual does not directly affect the execution of an opportunity by other individuals, nor does it affect the ability of the firm to take
advantage of future opportunities. Future work extending our model could consider the implications of interdependencies with respect to opportunity execution both within a particular
time period, as well as inter-temporally. A second set of assumptions relates to network topology. Whereas we assume a fixed network structure, future work might consider the possibility
of an endogenous feedback loop as individuals form and strengthen or dissolve their own ties.
Finally, a third set of assumptions is that the costs of upfront investment for the various knowledge mobilization mechanisms have already been borne: that is, our analysis focuses on ongoing opportunity costs that individuals bear when they forgo other opportunities because they
are currently engaged in opportunity execution. Yet cost considerations may be salient when
comparing competing organizations that must each decide whether to invest in these mechanisms, with uncertainty as to whether their competitor has already done so. This issue, likewise,
offers another opportunity to build on and extend our insights.
Our study has implications for various streams of the strategy literature, including work on
organization design and dynamic capabilities. With regard to organization design, prior
research highlights the role of intra-firm coordination, information processing and governance
in shaping firm-level outcomes (e.g., Aggarwal & Wu, 2015; Joseph, Baumann, Burton, &
Srikanth, 2018; Joseph & Gaba, 2020; Puranam, Alexy, & Reitzig, 2014; Rivkin &
Siggelkow, 2003). Our paper underscores the importance of also considering inter-firm competitive conditions in conjunction with these various intra-firm design factors, particularly in
technology-based settings where knowledge moves fluidly across organizational boundaries.
With regard to the literature on dynamic capabilities (e.g., Eisenhardt & Martin, 2000; Helfat & Peteraf, 2003; Teece, 2007; Zott, 2003), we show that knowledge, which underlies firm
capabilities, has performance implications that are contingent on the competitive and market
conditions in which the firm is situated. Activities that allow firms to create, extend, and modify
capabilities are, of course, the provenance of managers, as described in work on dynamic managerial capabilities (Adner & Helfat, 2003; Helfat & Martin, 2015; Martin, 2011). Managers may
use their dynamic managerial capabilities to put in place processes that shape the nature and
extent of knowledge mobilization. Consequently, the location and timing of knowledge mobilization may be an outcome of a firm's dynamic managerial capabilities.
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In conclusion, we use computational modeling to develop a microfoundational theory
describing the aggregation processes that link individual-level knowledge to firm-level innovation. Our theory highlights the dynamic interplay between knowledge mobilization, imitation,
and characteristics of the opportunity space within which firms operate. In so doing we advance
our understanding of the microfoundations of knowledge-based advantage, providing insights
that can guide future empirical studies on this important topic.
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