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ARTICLE INFO ABSTRACT

Keywords: Research on firm search stresses the need for firms to adapt and align concurrently with their
Exploration environment to optimize the ability to sense and seize opportunities for sustained performance.
Exploitation

We postulate resource scarcity as an important contingency factor for the search-performance
relationship, and assess its joint influence with high and low dynamism. Using a dataset span-
ning 23 years, we examine the performance implications of combinations of internal and external
exploratory and exploitative search in resource-scarce environments, under conditions of high
and low dynamism. We find that resource scarcity is an important condition for performance
stemming from exploratory and exploitative search: even under conditions that involve low
dynamism, but joined with resource scarcity, firms may benefit from pursuing exploratory and
exploitative knowledge simultaneously.

Dynamism
Resource scarcity
Financial performance

Introduction

Many firms have to deal with changing circumstances in their business environment, including variation in the availability of
resources, as well as dynamism. These changing circumstances have a non-trivial effect on organizational outcomes like innovation
output and financial performance (Dess and Beard, 1984; Keil, 2004). For instance, resource scarcity constrains the possibilities for
firms to obtain resources for growth, while dynamism makes it harder to commit to resources as the future state of the market is
uncertain. As firms navigate through a changing world, they are in constant flux between adapting to shifting circumstances and
improving their alignment with existing conditions. An important determinant of a firm’s ability to navigate successfully is the way in
which a firm searches for knowledge (Levinthal and March 1993). Firms that are able to efficiently and effectively combine the search
for new knowledge, i.e. exploratory search, with the incremental expansion of their existing knowledge base over time, i.e. exploitative
search, are better equipped to adapt to and align with changing environmental circumstances (Billinger et al., 2013; Katila and Ahuja,
2002).

While firms may benefit from combining exploratory and exploitative search, this requires excess resources as these activities
detract from ongoing business (Cao et al., 2009). In industries where firms pursue innovation in order to compete, a large amount of
capital is devoted to the search for novel knowledge (Rowley et al., 2000). However, what if industry-level resources are scarce? Are
there still benefits when firms deploy exploitative and exploratory search patterns efficiently and effectively? Resource scarcity lowers
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the capacity for industry growth, which impairs a firm’s ability to enact changes in its environment (Sirmon et al., 2007). Here, firms
are more dependent on the availability of resources and enjoy less strategic latitude (Baum and Wally, 2003; Koka et al., 2006); every
attempt to control a resource elicits a reaction from other firms trying to exploit the resource in question or one that is akin to it
(Aldrich, 2008). Exploring novel ways to exploit or develop resources is paramount in such circumstances, as firms experience con-
current pressure to make use of their existing resources to maximum effect (Levinthal and Posen, 2007; Sirmon et al., 2007). In spite of
this, the question of how firms might reap the benefits of exploratory and exploitative search in resource-scarce environments has
remained understudied. This question warrants attention, as, according to Laursen (2012), more research is required on the appro-
priability conditions of the context within which search activities take place and on how firms may select types of search to achieve the
best performance outcomes.

To delineate boundary conditions of the impact of resource scarcity on the relationship between search and performance, we
investigate its impact conjointly with dynamism. Dynamism in the environment may increase uncertainty about the future state of an
industry, which, in turn, impacts the consequences of simultaneously combining exploratory and exploitative search (Fleming, 2001;
Sidhu et al., 2007). Past research has conceptualized how the interplay between dynamism and scarcity creates fundamentally
different environments (Dess and Beard, 1984), Research to date, nonetheless, has not investigated the implications of these envi-
ronmental conditions together, but has postulated the importance of pursuing both exploration and exploitation in resource-scarce or
dynamic environments (Cao et al., 2009; Eklund and Mannor, 2020; Jansen et al., 2006; Posen and Levinthal, 2012). To address this
gap in the literature and to further specify the search-performance relationship, we ask the question: ‘to what extent can firms
capitalize on exploratory and exploitative search in resource-scarce environments, under conditions of high and low dynamism?’

In exploring this question, the choice of sourcing exploration or exploitation internally or externally is particularly important.
Internal sourcing, which refers to the development and maintenance of knowledge within the boundaries of the organization, capi-
talizes on a firm’s coordinative capabilities, which increases the efficiency of the internalized activities (Williamson, 1975). At the
same time, internal sourcing helps create unique, firm-specific knowledge and capabilities which potentially raise barriers against
imitation (Barney, 1991; Grant, 1996). External sourcing (i.e. tapping into extra-organizational knowledge sources), on the other
hand, exposes firms to new areas of expertise and expands a firm’s knowledge base, which, in turn, increases a firm’s effectiveness in
pursuing novel knowledge (Miller et al., 2007). However, the results of previous research have been inconclusive with regard to the
impact of combinations of internalized and externalized search (Hoang and Rothaermel, 2010; Stettner and Lavie, 2014; Lavie et al.,
2011). We contend that these differences may be attributable to external circumstances and seek to reconcile these seemingly disparate
results.

We analyze a multi-industry, objective dataset covering a 23-year time period. In doing so, we are able to examine the longitudinal
effects of different combinations of search on financial performance. This allows us to contribute to the existing literature in at least
three important ways. First, we examine the performance effects of exploratory and exploitative search in resource-scarce environ-
ments. Past research has highlighted the influence of (firm-level) scarcity on firm behavior, indicating that low availability of resources
induces firms to focus on exploitation over exploration (Greve, 2003; Laursen, 2012). Less is known, however, about the impact of
search activities on performance in resource-scarce business environments. Environmental scarcity adversely affects the collective
resource pool from which firms withdraw the resources required to compete, thereby increasing rivalry within such environments
(Levinthal and Warglien, 1999). Notwithstanding firm-level contingencies, this scarcity should have an impact on the way in which
firms appropriate rents in their search for knowledge (Zahra and George, 2002).

Second, we combine the concept of resource scarcity with environmental dynamism. High dynamism requires firms to be flexible in
order to react quickly to changes. Conversely, low dynamism prompts firms to specialize and focus on efficiency and dependability
(Dess and Beard, 1984). Existing research has advocated the use of a variance-increasing approach under dynamic conditions - which
increases a firm’s ability to deal with uncertainty - without much consideration for the availability of resources. However, the com-
bination of dynamism with resource scarcity requires firms to develop an approach that takes both effectiveness and efficiency into
account (Aldrich, 2008). By combining scarcity and dynamism, we aim to provide a more refined conception of the competitive
business environment and its impact on firm search behavior and associated performance.

Third, in contrast with previous research (Katila and Ahuja, 2002; Sidhu et al., 2007), we examine the combined effect of both
internal and external exploratory and exploitative search on firm financial performance. As such, we disentangle source, i.e. internal
vs. external, and type, i.e. exploratory and exploitative knowledge. External sourcing of exploratory and exploitative search means
building on knowledge that was developed elsewhere, while internal sourcing typifies either unique internal development processes
with which firms generate new knowledge, or the incremental expansion over time of their existing knowledge base. In making this
distinction, we respond to the call by Rosenkopf and McGrath (2011), who indicate that the separate perspectives of technology, i.e.
exploratory and exploitative search, and internal and external sourcing, may not fully capture nuances in exploratory and exploitative
search activities. By conceptualizing and testing a model that incorporates both, we are able to uncover the search sources and types
that are beneficial and/or detrimental to superior performance.

The next section covers our theory and hypotheses, followed by a description of our applied method and an analysis of our results.
Finally, we discuss our findings and present the limitations of our research and suggestions for future research.

Theoretical background
The impact of resource scarcity on competition

A large part of a firm’s orientation and behavior is determined by the characteristics of its business environment (Cyert and March
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1963; Hawawini et al., 2003; Mauri and Michaels, 1998; Miller and Friesen, 1983). Theories such as evolutionary fitness (Helfat et al.,
2007), contingency theory (Lawrence and Lorsch, 1967) and organization ecology (Hannan and Freeman, 1977) all assume that the
environment possesses objective, material properties that shape firm behavior (Edelman and Yli-Renko, 2010; Kaplan, 2011; Miller
and Friesen, 1983). An important property of the environment is the availability of resources needed for growth (Wan and Hoskisson,
2003). Such resources can for example entail the availability of supply and suppliers, financing, access to talent, and segmentation
possibilities. Ample opportunities to access, develop and employ such resources gives strategic latitude to firms. Kotha and Nair
(1995), for instance, show how the Japanese tool manufacturing industry benefitted from the rise of other Japanese manufacturing
industries. As a result of the rise of manufacturing, demand for automation dramatically increased, as did the demand for tools. At the
same time, the industry enjoyed easy and cheap access to financial capital (increasing their debt-to-equity ratios) and the Japanese
government implemented policies that stimulated further growth. In this study, these environmental conditions had a much stronger
effect on performance than did the firm-specific strategies employed. Thus, the conditions affected all firms a great deal, even though
they may have exhibited idiosyncratic strategic behavior.

Conversely, Hambrick and D’Aveni (1988) show how an environment’s limited growth-carrying capacity can have a dramatic
impact on even the largest of firms, potentially leading to bankruptcy. A limited carrying capacity for growth, or environmental
resource scarcity, makes it hard for firms to attain and retain the resources they need to facilitate growth and innovation (Cas-
trogiovanni, 1991; Cyert and March 1963; Oxenfeldt and Kelly, 1968). Therefore, the range of strategic and organizational options
available to firms in this situation is low (Tushman and Anderson, 1986). One typically sees fewer competitors, homogeneous supplies
and low differentiation among competitors in such environments (Aragon-Correa and Sharma, 2003). Under conditions of resource
scarcity, competition tends to intensify (Dess and Beard, 1984; Sirmon et al., 2010), which has a detrimental effect on performance
(Castrogiovanni, 1991; Child, 1972). Firm-level contingencies such as financial slack may allow organizations to buffer against these
effects to some extent (Bradley et al., 2011), but there remains an overall negative impact of industry-level scarcity on firm success
(Staw and Szwajkowski, 1975). In general, organizations become more dependent on their competitive environment. Firms that are
able to extract resources more readily, or are innovative in the application of their resources, are better than their competitors at
finding growth opportunities and generating a competitive advantage (McEvily and Zaheer, 1999).

How the sourcing of search affects knowledge development and performance

Research on exploration and exploitation has linked resource scarcity to constraints on resource allocation: the fewer resources that
are available in the environment, the more often firms are presented with a trade-off between exploration and exploitation, forcing
them to carefully consider the extraction and subsequent allocation of these scarce resources to both activities (Cao et al., 2009). We
extend this idea by investigating how, under resource-scarce conditions, firms may benefit from considering the sourcing of search.
First, the internalization of search activities helps firms to leverage coordination capabilities and learning effects that foster efficiency
(Liebeskind, 1996). In doing so, firms may experiment with exploratory knowledge to enjoy learning effects (Holmqvist, 2004), while
the focus on refinement inherent in the pursuit of exploitative knowledge stimulates a stream of applications and efficiency gains
(Raisch and Birkinshaw, 2008). Furthermore, internal development processes help firms create firm-specificity, which safeguards
against knowledge spillovers to competitors (Postrel, 2002). On the other hand, externalization of search helps firms to extend their
knowledge base (Grant and Baden-Fuller, 2004) and allows access to a wide variety of non-redundant knowledge (Lane and Lubatkin,
1998). In this way, firms may compensate for shortcomings in their internal knowledge base and processes, and enjoy greater
effectiveness as a result of their externalized search activities (Grant and Baden-Fuller, 2004; Lavie and Rosenkopf, 2006).

Past exploration-exploitation research has investigated the way in which firms may move between internal and external explo-
ration and exploitation (Holmqvist, 2004). However, the performance implications of combining these search activities remain un-
clear. Hoang and Rothaermel (2010), for example, find that R&D project performance is positively affected by external exploitation
and internal exploration, and negatively by internal exploitation and external exploration. Hess and Rothaermel (2011), on the other
hand, describe how firms may benefit from internal exploitation and external exploration, highlighting the positive effects of star
scientists, acquisitions, and downstream alliances. Furthermore, Stettner and Lavie (2014) find that internal exploitation combined
with alliance exploration yields the strongest correlation with improved performance. They also find decreased performance when
balancing exploration and exploitation internally or externally exclusively. Other studies, however, have highlighted the positive
performance effects of balancing exploration and exploitation within organizational boundaries (Gibson and Birkinshaw, 2004; Jansen
et al., 2012), or exclusively through alliances (Lavie et al., 2011). These varied results led us to undertake this project, as we seek to
uncover whether different combinations of sourcing may be beneficial under different types of resource-scarce environments.

Resource scarcity and search

Under conditions of resource scarcity, firms have a natural tendency to choose to engage in exploitation (Ezzamel and Bourn,
1995). Doing so at the detriment of exploration would be a mistake, as these firms overcommit to an exploitative trajectory in an
environment which is dominated by environmental constraints (Yin and Shanley, 2008). This leaves them vulnerable to competitors,
as, in resource-scarce environments, the utilization of resources is under constant pressure and changing, and firms constantly
converge and collide on these resources. Firms that do explore have the potential to open up new market opportunities and enjoy
superior first-mover advantages (Lieberman and Montgomery, 1988), or find new, effective ways to apply resources or to attract more
resources from the environment (Levinthal and Warglien, 1999). Performance when there is limited potential for growth hinges on
identifying those rare opportunities that do (Eklund and Mannor, 2020). Such opportunities are more aptly discovered or developed,
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and subsequently seized when firms maintain a capacity to explore for novel knowledge, thus increasing the likelihood that they
possess the right capabilities to find ways to continue growing when the occasion arises.

Under resource-scarce conditions, we posit that firms do well to internalize search activities. In resource-scarce environments,
companies must survive on a small resource pool and tend to have little strategic latitude (Levinthal and Warglien, 1999). They cannot
afford to search more widely for novel knowledge (McGrath, 1997). Competition intensifies (Koberg, 1987), and companies that make
the most of the limited availability of resources may gain a competitive advantage (Wan and Hoskisson, 2003). Consequently, search
becomes costlier when resources are difficult to attain (Laursen, 2012), as scarce resources need to be applied to search processes,
which go beyond the primary activities of firms. Investing in particular search trajectories presents firms with opportunity costs:
investing in one search process means forgoing others. Internal knowledge development is more efficient, requiring less
knowledge-transfer effort, and thus making knowledge integration more effective (Kogut and Zander, 1992; Grant, 1996). Further-
more, internalizing development makes for more causally ambiguous knowledge resources, which temporarily shields firms from
having their competition imitate and use (scarce) resources and associated opportunities in similar ways (Breton-Miller and Miller,
2015; Reed and DeFillipi, 1990). In general, we expect firms that internalize (part of) their search to perform better in resource-scarce
circumstances. What to internalize, co-depends on the level of environmental dynamism.

Environmental dynamism and search

In line with assertions that have been made in the literature, we argue that a more comprehensive account of the influence of
resource scarcity requires an assessment of its joint impact with dynamism (Bradley et al., 2011; Sirmon et al., 2007). Dynamism refers
to the predictability of change in the environment, which influences the extent to which organizations are able to foresee future
conditions and assess the economic potential of resources (Courtney et al., 1997).

When dynamism is high, conditions change in an unpredictable fashion, the impact of these changes is unclear, and planning horizons are
extremely short (Milliken, 1987). Highly dynamic environments carry with them great uncertainty, but they also create opportunities
(Bradley et al., 2011). Competition in dynamic environments revolves around innovation in order to increase (knowledge) variation, which
drives adaptation (Miller and Friesen, 1982). All else equal, successful adaptation requires having access to varied, non-redundant knowledge,
paired with capabilities to incorporate and monetize this knowledge (Zahra and George, 2002). This implies that firms require counteracting
forces to variety: knowledge and mechanisms that provide the due diligence to properly assess and make sense of novel knowledge (Kim and
Rhee, 2009). A crucial driver for such a balancing act is the ability to engage in both exploratory and exploitative search simultaneously.

Low dynamism, on the other hand, allows firms to extrapolate the future state of the environment (Courtney et al., 1997; Milliken,
1987). This also means firms are able to more accurately assess the value of a resource and its economic potential. In such environ-
ments, one often sees similar structures and strategies as firms converge on dominant designs, and imitation is a concern. Superior
performance in these contexts revolves around the development over time of path-dependent strategic resources that are difficult to
imitate (Dierickx and Cool, 1989). This warrants consistency and commitment from firms: focused investment in the knowledge to
apply sustainable resources more effectively or efficiently (Rowley et al., 2000), or the knowledge to find unique ways to differentiate
from competition (Wiklund and Shepherd, 2005).

We argue, however, that the impact of dynamism is modified and specified by resource scarcity.

Hyper-competition - resource scarcity and high dynamism

When resource scarcity is combined with high dynamism, the environment is characterized by a high frequency of change,
negatively affecting the ability of firms to evaluate the value of resources (Dess and Beard, 1984), paired with strong competition for
these resources (Koberg, 1987). Taken together, they have an amplifying effect on one another: changes are frequent and firms are
likely to be unable to capture a stable resource base to consistently adapt to these changes. As a result, firms have very low freedom of
movement (Aldrich, 2008) and the environment becomes hypercompetitive (D’Aveni, 1994; Hanssen-Bauer and Snow, 1996). In this
most extreme of dynamic conditions, firms are constantly subject to the Red Queen Effect, a term that describes a situation in which any
strategic action taken is almost instantly obsolete (Kauffman, 1995). Under such circumstances, the ability of firms to adapt efficiently
is important to gaining competitive advantage (Posen and Levinthal, 2012; Rosenkopf and Nerkar, 2001). Because resources are
scarce, there is less differentiation between competitors (Aragon-Correa and Sharma, 2003), thus increasing competitive rivalry. It is
imperative that firms capitalize on internal resource development to facilitate the efficient creation of knowledge that allows them to
gain a temporary competitive advantage (Anderson and Tushman, 2001; Sirmon et al., 2007).

In the computer processor industry, for example, Intel Corporation and Advanced Micro Devices (AMD) have been engaged in a
technological leap-frogging game for years (Pacheco-de-Almeida and Zemsky, 2012). Despite continuous - internally driven - in-
novations, revenue patterns over the recent years are similar between Intel and AMD, indicating that this industry is subject to the
red-queen effect. At the same time, the CPU industry is heavily dependent on specific resources. For instance, Intel has reported
problems with their supply of processors which have impact their production schedules for the larger part of three years. Consequently,
AMD found their market share increasing. This effect is further exacerbated due to AMDs exploitative capabilities, yielding better
price-performance ratio of their recent CPUs.?

2 https://www.nasdag.com/articles/amd-vs-intel%3A-a-detailed-comparison-of-revenue-and-key-operating-metrics-2019-09-26.
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To survive and thrive in resource-scarce, dynamic environments, firms need a combination of unique, firm-specific knowledge to
safeguard against mimicking behavior, as well as a diverse portfolio of knowledge to increase variance (Fleming, 2001). The aim here
is to own both firm-specific, as well as flexible-usage knowledge resources (Ghemawat and Del Sol, 1998; Wang and Chen, 2010). As
the development of firm-specific knowledge sets is largely driven by internal processes (Miller et al., 2007), and diversity is fostered by
exploration, it is crucial that firms facilitate the search for exploratory knowledge in addition to carrying out exploitative search
internally. Firms that fail to do so may not be able to develop the uniqueness and flexibility that they desperately need to perform well
in a hypercompetitive environment (Lane et al., 2006). Firms that internalize both exploratory and exploitative search develop and
maintain capabilities that encompass both search activities, as well as capabilities involving interfacing between exploration and
exploitation, and finding synergies between them (He and Wong, 2004). Consequently, these firms make the most of the few resources
available to them, as combining exploration and exploitation internally fosters a capability to allocate, reallocate, combine, and
recombine resources (Jansen et al., 2009). As a result, these firms maximize efficient resource development and application, as they
can exploit complementarities, engage in faster knowledge integration, and enjoy general coordination benefits, thereby increasing the
efficiency and speed with which they translate exploratory and exploitative search into performance (Cao et al., 2009; Zahra and
George, 2002), while also creating firm-specific (search) capabilities that are harder to mimic.

Conversely, firms that (partially) externalize their search activities exhibit a lower efficiency factor, and, as a consequence, may fail
to establish a stable foundation for competitive advantage, be too slow in adapting to new developments, and consequently under-
perform while engaged in almost constant competition for scarce resources in the environment. Therefore, we hypothesize the
following:

Hypothesis 1. When resource scarcity is combined with high dynamism, firms that combine internal exploratory and internal
exploitative search will enjoy increased performance, whereas firms that combine search types in other ways will not.

Chess game - resource scarcity and low dynamism

When resource scarcity is combined with low dynamism, rivalry increases until competition resembles a chess game: a firm is able
to oversee competition, assess the value of resources, and each step a firm takes elicits a reaction from its competitors, and vice versa.
As a result, the competitive environment becomes one in which everyone competes for resources (Pfeffer and Salancik, 1978), and
resource instabilities and the inability of organizations to acquire and control critical and scarce resources drive strategic change
(Koberg, 1987). Differentiation in the market is likely to be low, so it is very difficult to break free from the rules of the game (Sirmon
et al., 2010).

One example of an environment that is characterized by resource scarcity and low dynamism is the watch industry in the late
1970s. Due to the introduction of quartz watches, the Swiss watchmaking industry, which competed on mechanical watches, saw a
significant decline. ETA SA, a Swiss watchmaking company, responded to this decline by investing in an injection-molding machine
and the design of a durable and inexpensive plastic watch.® This internal exploration of new techniques and capabilities allowed them
to introduce a new product that would change the nature of the game: Swatch (Avery, 2004; Taylor, 1993). Exploiting these new
capabilities externally through third-party designers allowed them to quickly gain a first-mover advantage.

Previous research suggests that when the trade-offs between exploration and exploitation are particularly zero sum, firms may be
better off organizing and investing in either exploration or exploitation internally, while externalizing the other activity (Laursen and
Salter, 2006; Stettner and Lavie, 2014). Since dynamism is also low here, firms should be able to assess the value of resources.
However, due to resource scarcity, achieving this value is co-determined strongly by changes in the utilization and development of
resources by competitors. This creates uncertainty. Thus, we argue that firms should combine a focus on the development of unique,
hard-to-imitate, valuable knowledge resources with a commitment to be on top of ‘the rules of the game’ as is co-determined by their
industries. The former is better served through internalization, the latter through externalization. This is indicative of
boundary-spanning combinations of exploration and exploitation (Stettner and Lavie, 2014). Such boundary-spanning search behavior
might lead firms to forgo part of the (internal) efficiency benefits. However, it does make them more effective, as this allows firms to
overcome local search (Rosenkopf and Nerkar, 2001), thereby creating new opportunities that help them to sustain their competitive
advantage. Through an internal focus on either exploration or exploitation, firms are able to develop unique competencies that allow
them to compete in low-dynamic, resource-constrained environments. At the same time, external inflow of exploitative or exploratory
knowledge ensures recombination and/or improvement of existing knowledge, and novel applications. Consequently, there are two
possible avenues to be taken for firms in low-dynamic, resource-scarce environments.

The first approach is an internal focus on exploratory knowledge development, combined with external exploitative search. Firms
develop firm-specific, value-creating routines to develop idiosyncratic resources (Barney, 1991; Grant, 1996). These idiosyncrasies
raise barriers to imitation and help firms to sustain first-mover advantages delivered through their unique exploratory knowledge
development processes. In essence, they become inventors of ways to change the game, which allows them to play a leading role in
defining how the industry operates (Courtney et al., 1997). Such firms progressively expand their technological domains, thus limiting
the possibilities for competitors to move into those spaces (Wang and Chen, 2010). This domain expansion comes with inventive ways
of applying scarce resources. An external exploitative focus allows firms to stay abreast of best practices and dominant design in their
business environments (Soh, 2010). Hoang and Rothaermel (2010) indicate that internal exploration enables firms to more fully

8 https://www.swatch.com/nl_nl/explore/swatch-chronology/.
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assimilate and transform the learning benefits from external exploitation. Therefore, through their internal exploratory competence,
they are better able to give these best practices a ‘twist” and proactively shape the rules of the game or even change it.

The second approach entails an internal focus on exploitation, combined with an external search for exploratory knowledge. Firms
invest in the improvement of firm-specific knowledge that is difficult to evaluate, and thus imitate, allowing them to appropriate
higher value (Barney, 1991; Grant, 1996). The path-dependent buildup and use of incremental knowledge increases a firm’s
competence in these areas (Cohen and Levinthal, 1990; Stuart and Podolny, 1996; Wang and Chen, 2010). As a result, these firms are
able to extend the benefits of pre-existing, exploitative knowledge. In a complementary fashion, the external search for exploratory
knowledge yields competence in the recognition of novel knowledge developed elsewhere (Rosenkopf and Nerkar, 2001). This allows
firms to combine superior knowledge acquisition capability with an internal capability to lengthen exploitative knowledge trajectories
(Zahra and George, 2002). As a result, internal exploiters are more likely to integrate external exploratory knowledge into their
exploitative base (Choi and McNamara, 2018). Therefore, these firms are well equipped to deal with attempted changes to the rules of
the chess-game and to effectively adapt to the future (Courtney et al., 1997).

On the contrary, firms that combine exploration and exploitation internally forego the opportunity to respond to external de-
velopments, while firms that combine explorative and exploitative search externally do not benefit from the so-needed internal
development of resources that are unique and difficult to imitate. Taken together, we propose that:

Hypothesis 2. When resource scarcity is combined with low dynamism, firms that (a) combine internal exploratory and external
exploitative search, or (b) combine internal exploitative and external exploratory search will enjoy increased performance, whereas
firms that combine search types in other ways will not.

Methods
Data and sample

To test the hypotheses, we analyze a dataset covering the innovation activities of the largest manufacturing firms (SIC codes
2000-3999) active in the period between 1980 and 2003. Our sample was drawn from the Standard and Poor’s 500 list, which lists the
largest, publicly held companies in the US. To avoid survivor bias (Ahuja and Katila, 2004), the sample was selected based on the 1980
edition of the list. This first step yielded 257 companies. For some of them, however, we could not find accompanying financial in-
formation, leading us to drop those firms from the initial sample. This resulted in our final sample of 234 companies representing over
19 different industries (as defined by their two-digit SIC code). As some of these firms have merged or been acquired over time, our
final sample is an unbalanced panel dataset of 3366 observations. For each firm in the sample, we collected patent data using the NBER
data file (Hall et al., 2005) and financial indicators, drawn from the Center for Research in Security Prices (CRSP). Data related to the
value of shipments was obtained from the US Census Bureau Annual Survey of Manufacturers.

Measures

Dependent variable. The dependent variable of this study, firm performance, is measured using the firm’s Tobin’s Q. Market-based
indicators such as market value and Tobin’s Q are preferred over accounting-based measures (such as sales, profits, ROA, etc.) because
they take into account both short-term performance, as well as long-term prospects (Lubatkin and Shrieves, 1986). In line with Bel-
derbos et al. (2010) and Uotila et al. (2009), we use Tobin’s Q, as this measure also controls for firm size by including the replacement
(book) value of the firm’s assets. Tobin’s Q is calculated as the market value of common stock + book value of total assets — book value
of common equity, all divided by the book value of total assets. The market value of common stock is calculated by multiplying the
firm’s stock price by its number of common shares outstanding. In line with previous research, we utilize a one-year lag to facilitate
causal interpretation (Lavie et al., 2011). Because this measure is highly volatile, we used the annual average of the monthly values
(Lavie, 2007). Moreover, in line with Lavie (2007), we use an adjusted measure to control for stock market fluctuations and annual
trends. Since 1980 is the first year of observation, we took 1980 as the base year. Furthermore, as this variable is skewed, we use the
natural log in our analysis.

Independent variables. To identify the different types of exploratory and exploitative search conducted by the firms in our sample, we
use patents and patent citations data. Patent citations refer to the prior art that a new patent builds upon and can therefore be regarded
as an indicator of knowledge flows (Jaffe et al., 2000; Rosenkopf and Nerkar, 2001; Ahuja and Katila, 2004). Although the use of patent
indicators is sometimes criticized because of the differences in patenting between industries, sectors and different types of firms, and
because they do not encompass all the aspects of the R&D process and innovation (Hagedoorn and Cloodt, 2003), there are also many
good reasons to use patent indicators in this study. First of all, using patents and patent citations provides us with the opportunity to
follow a firm’s innovation activities and the origin of their innovative search behavior over a long period of time - information that is
otherwise extremely difficult to collect on a longitudinal basis (Katila, 2002). Second, patent-based indicators have been used
frequently in prior studies of exploratory and exploitative search (e.g. Benner and Tushman, 2002; Fleming, 2001; Katila, 2002; Katila
and Ahuja, 2002; Rosenkopf and Nerkar, 2001; Schildt et al., 2005; Sorenson and Stuart, 2000), so our use of a similar indicator
increases the comparability of this study to prior research.

To capture the extent to which firms engage in exploratory and exploitative search, we rely on a two-step approach. First, we
identify the backward citations for each patent in the firm’s patent portfolio and classify each citation along two dimensions: internal
versus external search and exploitative versus exploratory search. We build upon two well-established approaches to classification
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seen in the literature. First, we follow Rosenkopf and Nerkar (2001) in distinguishing between internal and external search. In doing so,
we distinguish between citations to own prior patents (self-citations) and citations to patents that are owned by another company.
Citations to own prior patents indicate that the firm has built upon the knowledge they have in-house, or has engaged in internal
search. Citations to other firms’ patents, conversely, are indicative of external search behavior (Rosenkopf and Nerkar, 2001; Sorenson
and Stuart, 2000). Next, we follow Katila and Ahuja’s (2002) approach to measuring exploratory and exploitative search. According to
these authors, when firms cite patents they have cited before, they seek to accumulate and deepen existing knowledge, which is tied to
exploitation. Alternatively, citations to patents that were not cited before indicate search behavior that is more exploratory in nature
(Benner and Tushman, 2002; Katila and Ahuja, 2002; Phelps, 2010). We use a five-year moving window to assess whether a patent was
cited before (in other words: when a citation was made to a patent that was cited in the five years preceding the patent application, it is
considered exploitative; otherwise we consider this citation to be of explorative nature). We combine these two aspects of search
behavior and use a simple classification scheme (see Fig. 1) to identify internal and external exploratory and exploitative search.’

As seen in Fig. 1, we are able to identify the number of citations for each firm-year observation in each category. Our next step is to
identify the presence of different combinations of exploratory and exploitative search within firms. To measure the extent to which
firms focus on combinations of internal and external exploratory and exploitative search, we identify an emphasis on these activities
using the following approach. First, we calculate the share of patent citations in each category. Next, we determine whether or not a
firm exhibits a high level of activity for a given firm-year observation relative to its peers in the industry (as defined by two-digit SIC
codes), using the mean. If a firm has a share in a particular category that is higher than the mean value in the industry, this variable is
set to 1. Next, we identify the combinations of interest using the dummy variables created in Step 1. For example, if a firm has a higher
share in, let’s say, internal exploratory search than its peers, as well as a higher share in internal exploitative search, the dummy
variable internal exploratory and exploitative search is set to 1. This leads to the creation of four dummy variables: internal exploratory and
exploitative search, external exploratory and internal exploitative search, internal exploratory and external exploitative search, and external
exploratory and exploitative search, respectively.

Control variables. Because firm performance is known to be affected by other factors as well, we include a number of firm-level
controls in our analysis. As prior research has shown that market value is affected by a firm’s technological activities (Griliches,
1981; Pakes, 1985), we include R&D intensity to account for annual R&D spending by the firms in our sample. R&D intensity is
calculated by dividing R&D expenditures over total assets (Belderbos et al., 2013). To control for the size of the firm and its possible
effect on our dependent variable, we include firm size as a control variable, which is measured as the firm’s annual sales. Because both
variables are highly skewed, we log-transformed them before including them in the analyses. In addition, because the value of the
firm’s technological activities also affects firm performance (e.g. Hall et al., 2005; Harhoff et al., 1999), we control for technological
value, by including the forward citations received by the patents in the portfolio. Technological value is measured as the total number
of citations received by the patents that were applied for in the year prior to the observation year. In light of the right-censored nature
of this variable, we count the number of citations a patent has received in the first five years after the patent was granted. Again, this
variable is log-transformed because of its skewness. Furthermore, we include technological capital as an additional control variable.
Technological capital is the count of the number of patent applications in the five years prior to the observation year (t-1 to t-5).
Moreover, we include weighted industry concentration to account for concentration in the industry. Weighted industry concentration is
calculated as the proportion of a firm’s sales in industry i, multiplied by that industry’s four-firm concentration ratio (CR4), in line with
Bharadwaj et al. (1999). All these variables are lagged by one year. Finally, in order to control for unobserved, year-specific effects, we
also introduce year dummy variables.

Method

Because we are interested in the effects of internal and external exploration and exploitation under conditions of resource scarcity,
we collected information pertaining to the growth of the different industries in our sample for each year. To operationalize resource
scarcity, we turn to the concept of munificence, which refers to available resources for growth in industries (Dess and Beard, 1984). In
accordance with prior studies, we calculate industry munificence based on the value of shipments to capture the annual growth in each
industry. Data on the value of shipments was obtained from the US Census Bureau Annual Survey of Manufacturers. For each
industry-year observation, we follow the method proposed by Dess and Beard (1984) and calculate industry growth by regressing time
against the value of shipments, using a five-year, moving window, lagged by one year (Boyd, 1995). Munificence is captured by the
coefficient (beta) of the regression slope of the value of shipments, divided by the mean value (Dess and Beard, 1984: 71). Specifically,
we use the measure ‘growth in total sales’, which is captured by the value of shipments and measured as the regression sales slope
coefficient (B) divided by the mean value (Y) of the dependent variable. Industries are defined according to their two-digit SIC code.

Next, we calculate the mean level of munificence for each industry (as defined by their 2-digit SIC codes) in each year. Observations
in an industry-year setting that is characterized by below-mean munificence are labeled as operating in a resource-scarce environment

4 As pointed out by one of the reviewers, internal exploratory search thus includes citations to patents that the firm owns, but has not yet cited.
These may include patents that were recently applied for and a first citation would, therefore, be classified as exploratory search rather than
exploitative (accumulative) search. To address this issue, we have also included alternative measures of internal exploratory search. For example, we
have conducted additional analyses in which we classify citations to a patent the firm owns as internal exploration, when the owned patent was
applied for at least three years before the citation event. In this case, a patent applied for in 2001 would only be classified as internal exploration if
the cited patent was owned by the firm and at least three years old. The results of these analyses confirm the results that are presented in the paper.
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Classification scheme to determine internal and external exploitative and exploratory search

Cite own patents?

Yes No

Internal exploitative | External exploitative
search search
Patents cited before?

Internal exploratory | External exploratory
search search

Fig. 1. Classification scheme to determine internal and external exploitative and exploratory search.

and are, thus, included in our analysis. This classification is dynamic in the sense that a firm-year observation can be labeled as
operating in a resource-scarce environment in one year and a resource-rich environment in another. We believe this dynamic clas-
sification is important, as industry growth may vary over time. In particular, given our longitudinal design, spanning a 23-year period,
it is likely that some of these environments became more (or less) resource-scare over time.

To estimate the effects of different types of search on firm performance, we use linear regression. Because the Tobin’s Q of firms is
likely to be affected by unobserved heterogeneity, we use the Arellano-Bond estimator with a one-year lagged dependent variable to
estimate the model. The analysis is conducted using the xraBonDp procedure in staTA. Further, because we are interested in the effects of
exploratory and exploitative search under different levels of environmental dynamism, we estimate two models, each representing a
situation with low/high dynamism, respectively.

To capture environmental dynamism, we use an approach similar to the one use to capture munificence. Keeping prior studies in
mind (e.g. Bakker and Shepherd, 2017; Boyd, 1990; Edelman and Yli-Renko, 2010; Girod and Whittington, 2017; Nadkarni and Chen,
2014; Schilke, 2014), we once again use the value of shipments for each industry to capture industry volatility. Next, we use the
standard errors to calculate dynamism. Dynamism is captured by the standard error of the regression slope of the value of shipments,
divided by the mean value. In line with our sample design and control variables, we use two-digit SIC codes to define the industries. To
group the observations according to low/high levels of dynamism, the sample was split using the mean value of dynamism.

Results

Table 1 below presents the summary statistics. Table 2 presents the results of the regression analyses for different subsamples
characterized by low and high dynamism.

Models 1 and 2 in Table 2 show the results for the different subsamples, respectively. Model 1 represents a situation in which resource
scarcity coincides with high dynamism (hyper-competition). As indicated by the results, only the combination of internal exploratory and
exploitative search appears to have a positive and significant effect on company performance (# = 0.0200, p = 0.005). This indicates that
companies that focus on a combination of internal exploratory and exploitative search perform approximately 2% better than other firms.
At the same time, the coefficient for internal exploratory and external exploitative search is negative and significant (§ = —0.0149, p =
0.024), indicating that firms that combine internal exploration and external exploitation experience, on average, 1.5% lower performance.
This finding lends support to our first hypothesis; in a resource-scarce setting in which dynamism is high, firms that combine internal
exploratory search with internal exploitative search perform better than others. As such, Hypothesis 1 is confirmed.

Next, Model 2 represents environments that are characterized by resource scarcity and low dynamism (chess game). As indicated by
the results shown in Table 2, in this environment, boundary-spanning ambidexterity plays an important role. In line with our

Table 1
Summary and correlation statistics®.
Mean  S.D. 1 2 3 4 5 6 7 8 9
1. Tobin’s Q (indexed) 0.43 0.19
2. R&D intensity 0.18 0.93 —0.01
3. Firm size (natural log sales) 8.47 1.18  —-0.09 0.18
4. Technological value (natural log) 4.49 1.93 0.04 0.16 0.53
5. Technological capital (natural log) 3.22 1.48 0.04 0.16 0.59  0.93
6. Industry concentration (natural log) 0.24 0.23 -0.12 0.03 0.19 013 0.17
7. Internal exploratory and exploitative search 0.21 0.41 0.09 0.02 0.15 0.24 0.29 0.04
8. External exploratory and internal exploitative search ~ 0.06 0.24 -0.00 —0.01 0.07 0.01 0.02 —0.04 0.17
9. Internal exploratory and external exploitative search ~ 0.15 0.36 0.05 —0.00 0.08 0.18 0.22 0.08 0.51 -0.11

10. External exploratory and exploitative search 0.06 0.24 0.03 0.00 -0.01 0.03 0.02 -0.01 -0.15 —0.05 -0.07

a. N = 3366, Correlations above |0.06| are significant at p < 0.05.
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Table 2
Regression results for search combinations and Tobin’s Q under resource scarcity.
Dynamism @ (2)
Hyper-competition Chess Game
High Low
Tobin’s Q (1-year lag) 0.461 0.388
(0.0600) (0.0367)
R&D intensity —0.00790 0.00103
(0.00624) (0.00173)
Firm size —0.0693 —0.0472
(0.0161) (0.0152)
Technological value 0.0151 0.000702
(0.00686) (0.00517)
Technological capital —0.0180 0.00531
(0.00878) (0.00743)
Industry concentration 0.0269 0.00776
(0.0361) (0.0501)
Internal exploratory and 0.0200 8.69e-05
exploitative search (0.00719) (0.00660)
External exploratory and 0.00137 0.0159
internal exploitative search (0.0105) (0.00800)
Internal exploratory and —0.0149 0.0129
external exploitative search (0.00657) (0.00637)
External exploratory and —0.00483 —0.00526
exploitative search (0.00790) (0.00807)
Year dummies Yes Yes
Constant 0.920 0.736
0.132) (0.125)
Observations 488 902
Number of firms 106 125
Wald Chi® 393.73 728.09

Standard errors in parentheses.

expectations, combining external exploratory search with internal exploitative search enhances firm performance ( = 0.0159, p =
0.047), and the combination of internal exploratory and external exploitative search is also positive and significant (5 = 0.0129, p =
0.043). The results support Hypothesis 2: in a resource-scarce situation in which dynamism is low, innovative search takes the form of a
chess game in which firms that are able to combine exploration and exploitation across firm boundaries (i.e. external exploration
(exploitation) with internal exploitation (exploration)) outperform others.

Post-hoc analysis: exploring the boundary conditions of our model

In our model, we assume that resource-scarce conditions parsimoniously estimate the impact of a lack of resources on the extent to
which firms capitalize on their search activities. In this post-hoc analysis, we aim to further explore the boundary conditions of this
assumption of resource scarcity. To do this, we examine the impact of munificent, or resource abundant, environments. In such en-
vironments, resources are readily available and there are ample opportunities for growth (Castrogiovanni, 1991). Similar to our
previous analyses, we now hold high munificence constant in our models, while varying between high and low dynamism. The results
are presented in Table 3.

As is shown in the models presented in Table 3, none of the combinations of exploratory and exploitative search have a significant
positive effect on Tobin’s Q. This provides further evidence of the pervasive influence of resource scarcity on the relationship between
exploratory and exploitative search and performance.



M.P. Tempelaar and V. van de Vrande

Long Range Planning xxx (xxxX) XXX

Table 3
Post-hoc analysis: regression results of search and Tobin’s Q for environments with high munificence.
Dynamism (€8] @
High Low
Tobin’s Q (1-year lag) 0.483 0.475
(0.0796) (0.0826)
R&D intensity —0.000755 —0.00374
(0.00216) (0.00542)
Firm size —0.0329 —0.0160
(0.0299) (0.0272)
Technological value 0.00720 —0.0203
(0.00932) (0.00927)
Technological capital —0.00776 0.0285
(0.0127) (0.0132)
Industry concentration —0.111 0.0885
(0.137) (0.100)
Internal exploratory and 0.00397 0.00268
exploitative search (0.00956) (0.0101)
External exploratory and —0.00697 —0.0223
internal exploitative search (0.0129) (0.0128)
Internal exploratory and —0.000663 0.00271
external exploitative search (0.00845) (0.00864)
External exploratory and 0.00329 0.0163
exploitative search (0.01000) (0.0120)
Year dummies Yes Yes
Constant 0.475 0.427
(0.254) (0.223)
Observations 313 447
Number of id 116 111
Wald Chi® 457.88 312.60

Standard errors in parentheses.
Discussion

In this study, we set out to explore the relationship between firms’ search behavior and performance in resource-scarce envi-
ronments. In line with previous theoretical assertions, we have shown that an environment characterized by resource scarcity in
combination with a low or high level of dynamism requires markedly different search strategies (Sirmon et al., 2007; Aldrich and
Mindlin, 1978). Pursuing exploration and exploitation often requires significant resources, which are difficult to obtain in
resource-scarce environments. Our results indicate that even such conditions, careful sourcing of search may still yield positive
performance.

In the context of hyper-competition, characterized by a high level of resource scarcity and high dynamism, we confirm that firms
are well served by internalizing search. Pursuing exploratory and exploitative search internally allows firms to effectively and effi-
ciently find combinations and re-combinations of knowledge resources. This result echoes research on organizational ambidexterity, in
which, despite the inherent contradictions, firms divide resources between exploration and exploitation within firm boundaries
(Jansen et al., 2012; Tushman and O’Reilly, 1996). Past research has argued against this, emphasizing the importance of
boundary-crossing arrangements to alleviate some resource constraints (Stettner and Lavie, 2014). However, our results show that in a
hyper-competitive environment, external search is not rewarded, or even punished, as indicated by the negative impact of internal
exploratory and external exploitative search. Our findings have important implications for research on ambidexterity: in a general
sense, research on exploration and exploitation is divided into two streams. One stream emphasizes a resource allocation trade-off and
negative selection in this regard between exploration and exploitation (Lavie et al., 2010). The other stream emphasizes synergies
between exploration and exploitation in stimulating efficient and effective adaptation and alignment in response to changing cir-
cumstances (Gibson and Birkinshaw, 2004; Jansen et al., 2009). Even though resource-scarcity renders the resource-allocation trade
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off more salient (Cao et al., 2009), it would seem the latter stream is more applicable in resource-scarce, dynamic environments. As our
results show, internal efforts to create value lead to more value appropriation under these conditions.

These findings differ markedly from the outcome of our investigation into the ‘chess game’ (a situation characterized by high
resource scarcity and low dynamism). Here, our results speak to the power of complementary knowledge (Lavie, 2006; Zahra and
George, 2002). Firms may opt to change the rules of the game (internalize exploration) or play the game better than competitors
(internalize exploitation). This exclusive internalization yields firm-specific knowledge that is more difficult for others to imitate
(Wang and Chen, 2010). Since dynamism is low, firms can afford to focus on either one, while outsourcing the exploratory or
exploitative counterpart. The infusion of either novel knowledge or best practices complements their internal focus. Our findings echo
previous research on boundary-crossing exploration and exploitation, confirming that it “... enhances performance by retaining the
benefits of balance and specialization while avoiding negative transfer and the adverse consequences of conflicting organizational
routines” (Stettner and Lavie, 2014, p1909). Our research indicates that this is rewarded when firms are a) limited in the amount of
resources that can be extracted from the environment; and b) can afford a more singular, internal focus since the future state of the
environment can be extrapolated from its current state. Not surprisingly, our data shows that the chess-game environment is home to
industries that are relatively low-tech (such as stone, clay or glass products) or ones in which inexpensive and reliable manufacturing
requires extensive experience (such as watches and clocks).

Our study adds nuance to existing research that has identified a variety of benefits associated with combining internal and external
exploration and exploitation (Hoang and Rothaermel, 2010; Jansen et al., 2012; Stettner and Lavie, 2014).° Past research has theorized
several inherent conditions that influence the effectiveness of internal and external combinations of exploration and exploitation,
including structure (Lavie et al., 2011), non-redundant technology type (Hess and Rothaermel, 2011) and experience (Hoang and
Rothaermel, 2010). We argue that claims about the performance of internalization, externalization or boundary-spanning arrange-
ments of exploration and exploitation should also take account of environmental appropriability conditions (Laursen, 2012). Resource
scarcity and dynamism are only a part of the puzzle, however. For example, Windrum (2004) describes the way in which Microsoft
incorporated several established technological features of Netscape’s Navigator internet browser in the 90s in its own products (a form
of external exploitation). This resulted in a version of Internet Explorer (IE) that was not considered to be technologically superior.
However, Microsoft was the first to treat an internet browser as part of a wider ecosystem (a form of internal exploration) and make a
significant effort to realize cross-product integration within their operating system and other products such as Office. This resonated
with end-users, web-developers and computer (re-)sellers who were all interested in integrated software solutions. This example shows
how firms may take specific isolating actions to create barriers to imitation by leveraging technological externalities. It also shows that
the decision to source exploration or exploitation is influenced by factors that extend beyond either inherent or environmental fea-
tures. Future research could address this puzzle further by incorporating new dimensions that influence sourcing decisions in an
analysis.

Our results indicate that firms dealing with scarcity should, in part at the very least, conduct exploratory or exploitative search
internally. At the firm level, this means that a firm in a resource-scarce environment should avoid sourcing all its knowledge devel-
opment externally. In fact, if we synthesize this with the results of our post-hoc analysis, it appears that it is never a good idea to source
all knowledge development externally. From a resource-based perspective, this makes sense. Based on the assumption that firms can
compete in the area of knowledge (Zahra and George, 2002; Grant, 1996), it appears that it would be difficult for firms to develop
firm-specific knowledge through external sourcing of both exploitative and exploratory search.’ The knowledge base of such a firm
would consist of exploratory and exploitative knowledge that has been developed elsewhere, which, by definition, is more imitable.
This would decrease the chances of establishing a competitive advantage and is, therefore, unlikely to improve performance (Barney,
1991). In particular, when resources are scarce, barriers to imitation become all the more important, as they allow firms to extend their
competitive advantage in an environment in which one is difficult to attain in the first place.

Furthermore, our results indicate that the interplay between dynamism and resource scarcity has a non-trivial effect on the impact
of exploratory and exploitative search and the in- or externalization of these search efforts. When we compare our initial findings with
our post-hoc results (in which resources are abundant), it becomes strikingly clear that the availability of resources is an important
arbiter of the impact of search. We found none of the combinations of search in the context of a highly munificent environment to be
associated with increased performance. There are ample opportunities for firms to grow when they are relatively sheltered from
competition. We argue that this extends so far that it diminishes the urgent need to adapt to changes in the environment. Whereas other
competitive environments may force firms to react to change, firms that find themselves in munificent conditions can afford to actively
develop their own paths. For instance, in an environment typified by low dynamism and high munificence, firms can foresee the future
with relative ease and there are enough resources available to allow firms to respond quickly to potential changes in the environment.
As such, firms appear to be better off cycling through exploratory and exploitative search over time (Simsek, 2009) with the caveat that
it is likely that exploratory phases are relatively rare, barring a significant environmental shock that changes the rules completely
(Sirmon et al., 2010). We do not, however, have any evidence of this, so the claim requires further investigation.

5 It should also be noted however, that many of the studies cited above (partially) focus on how exploration and exploitation should be organized.
We make no such claims. For instance, the fact that our study does not find positive performance effects for exclusive external search does not
disqualify earlier positive outcomes yielded by ambidexterity through alliances (Lavie and Rosenkopf, 2006; Tiwana, 2008). Alliances can build on
internal knowledge, external knowledge and combinations of the two.

© We use patent citations as indicators of a firm’s knowledge development trajectory. However, this does not rule out alternative explanations for
knowledge-based performance across firms that are not captured by their patenting behavior.
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Managerial implications

Some managerial implications emerge from our study that relate to the development of technological trajectories and new
products. When firms find themselves in a hyper-competitive environment with few opportunities for growth and high dynamism,
their aim should be to develop idiosyncratic knowledge that is hard to imitate. Firms may invest heavily in the internal development of
innovative knowledge, as well as in the refinement of existing knowledge. A sound, efficient new-product development process that
combines both exploratory and exploitative knowledge domains is crucial here. The interface between exploratory knowledge and
exploitative knowledge determines how successfully firms will be able to compete in these circumstances. Therefore, it would be
sensible to invest in internal knowledge-sharing efforts that span both exploratory and exploitative knowledge, such as the creation of
cross-functional teams (Jansen et al., 2009).

In an environment with limited available resources, but stable conditions, firms need to decide as to how they approach their
technological development trajectories. They may strive to be game changers. Firms that do so should invest in disruptive technologies
and refine existing technologies in response to external prompts. In any case, these firms should aim for quality over quantity, as
resources are scarce. The goal is to be selective with regard to the technologies the firm seeks to bring to market: only build on
knowledge that has the potential to elicit major change. Firms may also opt to play the game better than the competition. These firms
should invest in the refinement of existing technologies. Of course, they should only do so when they are on a sound technological
trajectory with high rent-earning potential. Managers of these firms should guard their core knowledge development processes
carefully. The aim here is to rely on external ground-breaking exploratory developments to complement a focus on refinement.

Limitations and suggestions for future research

Despite the novel insights into firm-level exploratory and exploitative search strategies that are offered by this study, there are also
some limitations of our study that provide interesting avenues for future investigation.

First, while we find several interesting contingent effects of environmental factors on the search-performance relationship, we omit
firm-level contingencies from our analysis. In doing so, we build on past research that has indicated that the environment is a sufficient
explanation of firm behavior and performance (Edelman and Yli-Renko, 2010). However, others have examined the importance of fit
between firm and industry (Helfat et al., 2007). For instance, research on industry clock speed has identified an interplay with
within-firm clock speed as a driver of performance (Nadkarni and Narayanan, 2007). In light of this research stream, it would be
interesting to examine the moderating effects of internal stability and financial slack on the effectiveness of exploratory and
exploitative search activities. Past research on exploration and exploitation has highlighted the importance of slack (Jansen et al.,
2012; O’Reilly and Tushman, 2008), but has not done so in conjunction with environmental factors such as dynamism and resource
scarcity. As related research finds significant interactions between slack, dynamism and resource availability (Bradley et al., 2011),
this interplay could have some interesting implications. For instance, if a firm in a chess-game environment (resource scarcity, low
dynamism) combines internal exploitative search with external exploratory search, should it build a stable or fluid organization
around it? Likewise, if this firm has sufficient slack, perhaps it can outsource parts of its exploitative activities to optimize effectiveness.

On a related note, we assume that certain abilities and behavior allow firms to make appropriate sourcing decisions. While our
objective dataset allows us to uncover long-term effects of search, it lacks richness in terms of the examination of actual firm behavior.
Some of our results hint at specific behavior within environmental typologies. While further investigation of these behavioral dif-
ferences is, no doubt, worthwhile, we also see merit in the examination of differences within environmental typologies. In reality, firms
are far from equal when it comes to behaving appropriately in response to environmental factors (Goll and Rasheed, 1997). In part, it is
information asymmetry that allows firms to sustain a competitive advantage and the ability to overcome or protect this asymmetry is
key (Barney, 1991). As such, future research should explore the interplay between the ability of firms to assess the environment and
some of the exploration-exploitation sourcing typologies dealt with in this study. Research on competitive acumen (Tsai et al., 2011),
market knowledge (Danneels, 2002) and sensemaking (Weick, 1979) may provide a foundation for inquiry into the ability of firms to
read the environment and, in response, identify the appropriate search solution. This implies a cycle between environmental scanning
and sourcing of exploitative and exploratory search, which, from a research standpoint, would require a longitudinal perspective.
Environments change over time and, as such, the sourcing of search should also change over time. Future research might investigate
the ability of firms to change their exploratory and exploitative search-sourcing based on their ability to read the environment and vice
versa. This would require an analysis of in-depth industry data, over time, with which a rich narrative may be constructed detailing
waves of change and firm reactions to those changes.

Finally, this research project is not about organizing and structuring search activities, so insights from this study do not directly
answer the question of whether search should be organized in the intra-organizational domain or through inter-organizational so-
lutions. As argued in prior studies, inter-organizational relationships can be organized in a number of ways and different types of
governance provide different learning opportunities (Keil et al., 2008; Schildt et al., 2005; Van de Vrande et al., 2011). Combining the
insights from this study with the literature on external knowledge sourcing highlights an interesting avenue for future research, which
may contribute to answering questions related to the management of organizational boundary-spanning exploratory and exploitative
search activities.

To summarize, we have shown that there is more to firm search and exploration and exploitation than has previously been asserted.
We highlight the moderating effect of the environment on the relationship between search and performance. The inclusion of envi-
ronmental resource scarcity into our analysis has led to novel insight into the role of the environment in value creation and appro-
priation from exploratory and exploitative search. In fact, scarcity appears to be decisive in determining the impact of combining
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exploratory and exploitative search. In highly munificent environments, no combination of search types yields positive results, even
when dynamism is high. Firms seeking to maximize their search potential appear to adapt to both industry dynamism, as well as to the
available resources within their industry. Even when the environment is not dynamic, but resources are low and conditions are tight,
firms may still create value on the basis of their exploratory and exploitative search activities.
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