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 תקציר עבודה
 
בעבודה הנוכחית אנו מציעים שתהליך ההסתגלות הארגונית מורכב משני שלבים המשלימים זה את 

השלב הראשון כולל תהליך צפי שבמסגרתו חוזים את השתלשלות האירועים העתידית ומתרגמים . זה

השלב השני של תהליך השינוי כולל התאמה , בהתאם לכך. יאותה לתהליכים ארגוניים של שינו

היות שהוא , פתרון בעיות, מטבעו, שלב זה כולל. מתמשכת של השינוי הארגוני למצב הקיים בפועל

אלא תלוי הן בדפוסי , שלבי שכזה אינו ליניארי-מודל דו. מונע על ידי אירועים שכבר התרחשו

  .החברה בתרגום אותם דפוסים לכדי תהליכי יצירת ערך התפתחות סביבתית והן במידת הצלחתה של

התמקדנו בבדיקות המסגרת הניתוחית שלנו בתהליכי השינוי הארגוניים המונעים על ידי פרשנות 

. על מנת לוודא שהחברה מוכנה ככל הניתן לעמוד בתנאים הסביבתיים הצפויים, סביבתית מקדימה

לצפות שינויים סביבתיים ולהתאים את המבנה  ממצאינו מחדדים את תרומתה של יכולת החברה

התוצאות מראות את השפעתם של יכולות דינמיות על , במונחים כלליים יותר. שלה מראש להצלחתה

חברות המתמודדות עם שינוי סביבתי במסגרת מבנה ארגוני , לפיכך. היתרון התחרותי בר הקיימא

  .נוטות לתפקד טוב יותר מהמתחרות, נכון

בעוד שספרות הניהול והאסטרטגית הדגישה בעיקר את חשיבות האידיוסינקראטיות  ,יתרה מזאת

הרי שכוחו העיקרי של מחקר זה הוא באמירה שבסביבה , ביצירת יתרון תחרותי ובשמירה עליו

יכולתה של חברה לשנות את האסטרטגיות שלה בהתאם לשינויים החלים , תחרותית מסוימת

ומרכיב עיקרי ביכולתיה , ריע חשוב נוסף ביתרונה התחרותיבסביבה התחרותית תהיה גורם מכ

  .הדינמיות של אותה חברה

הישרדותה ושגשוגה של חברה תלויה ביכולתה לבחור מתוך מגוון , אם כן, בסביבת התחרות הנוכחית

ולתאם , מבנים ארגוניים ודפוסי הקצאת משאבים, מסלולים טכנולוגיים, כגון פלחי שוק, רכיבים

בעוד שהיתרון התחרותי מבוסס על משאביה ויכולותיה הייחודיים של , מילים אחרותב. ביניהם

התאמה הנובעת מדפוסי פעולה  –הרי שכושר הישרדותה קשור במובהק בהתאמתה לסביבה , החברה

על אף ששני סוגי דפוסי הפעולה המשלימים הללו משפיעים על . אידיוסינקראטיים ומשותפים גם יחד

פעילויות ארגוניות שונות , הם מתאפיינים במנגנוני התפתחות שונים, מקבילהתפתחות החברה ב

 .ומיקוד ניהולי שונה
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Abstract 
In the current work, we suggest that the process of organizational adaptation 

ideally consist of two complementary stages. The first stage involves an anticipatory 

process of foreseeing the future course of events and initiating organizational processes 

of change based on this forecast. Consequently, the next stage of the change process 

involves the ongoing alignment of the organizational change with the actual state of 

affairs. By nature, this stage is one of problem-solving, as it is triggered by events that 

have already taken place. Such a two-stage model is not linear, as it depends both on 

patterns of environmental evolution and on the extent to which a firm is successful in 

translating these patterns into value creation processes.  

We focused our analytical framework tests on organizational change processes 

driven by ex ante environmental interpretation in the effort to ensure the firm is as ready 

as possible to meet upcoming environmental conditions. Our findings highlight that a 

firm’s capacity to anticipate environmental change and modify its structure in advance 

contributes to its success. In more general terms, these results demonstrate the impact of 

dynamic capabilities on sustainable competitive advantage. Thus, firms that encounter 

environmental change with the right organizational structure will tend to out-perform 

their competitors.  

Moreover, while current strategic management literature has mainly emphasized 

the importance of idiosyncrasy in creating and sustaining competitive advantage, the 

main findings of the current study are that, in specific competitive environments, the 

ability of firms to change strategies in congruence with changes to the set of strategic 
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objectives in their competitive environment, may be another important determinant of 

competitive advantage, and a major component of firms' dynamic capabilities.  

Thus, in a dynamic landscape, a firm’s survival and prosperity rely on its capacity 

to select and coordinate between a wide range of components, such as market segments, 

technological trajectories, organizational structures, and patterns of resource allocation. 

In other words, while competitive advantage is based on a firm’s idiosyncratic resources 

and capabilities, its survival is predominantly associated with environmental fit, derived 

both from idiosyncratic and common patterns of actions. While both impact a firm’s 

evolution at the same time, these two complementary patterns of actions involve different 

evolutionary mechanisms, organizational activity, and managerial focus.   
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 “It is not maximization of profits that explained corporate behavior so much as 

attempts to deal with a situation that is sure to change presently – an attempt by 

these firms to keep on their feet, on ground that is slipping away from under 

them. In other words, the problem that is usually being visualized is how 

capitalism administers existing structures, whereas the relevant problem is how it 

creates and destroys them" 

(Schumpeter, 1950:84) 
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Summary  

i. Introduction 
 

The concept of 'dynamic capabilities' implies that, in a dynamic competitive 

environment, a firm’s competitive advantage lies in its capacity to “integrate, build, and 

reconfigure internal and external competences to address rapidly changing environments” 

(Teece, et al., 1997). The dynamic capabilities concept has extended the resource-based 

view of the firm (Wernerfelt, 1984; Barney, 1991; Peteraf, 1993) by addressing the 

evolutionary nature of firm resources and capabilities in relation to changes in 

competitive environments and by offering an explanation for organizational adaptation 

and long-term competitive advantage (Adner and Helfat, 2003; Makadok, 2001; Teece, et 

al., 1997; Zott, 2003). In other words, while operational capabilities are central to a firm's 

capacity to “earn a living” in the present (Winter, 2003), dynamic capabilities concern 

change (Helfat et al., 2007).  

ii. Problem-solving and Anticipatory Orientation of Dynamic 
Capabilities 
 

While the possession of firm specific valuable, rare and inimitable capabilities 

stands at the heart of firm prosperity, as argued by proponents of the resource-based view 

of the firm (Wernerfelt, 1984; Barney, 1991; Amit and Schoemaker, 1993), the dynamic 

capabilities view stresses that the value of possessing specific types of capabilities is 

temporary. In this sense, successful firms are those that are able to change with speed and 

efficiency, and develop learned and stable patterns of collective strategic actions by 
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which the organization systematically creates and adapts its capability structure to its 

evolving environment. Summing up a long tradition of research on dynamic capabilities, 

Helfat, et al., (2007:4) define dynamic capabilities as "the capacity of an organization to 

purposefully create, extend, or modify its resource base" to meet changes in its 

competitive environment.  

Organizational change is not merely about a firm’s reaction to changes in its 

competitive environment (Teece, 2009). It is also about anticipating this change and the 

development of an organizational base in order to enable the firm to translate expected 

changes into value creation (Schumpeter, 1942). According to this perspective, dynamic 

capabilities carry two different, yet complementary, types of strategic actions: value 

protecting strategic actions and value creating strategic actions (Augier and Teece, 2006). 

The role of the first type of strategic action is to protect and develop the current value of 

the firm by adapting it to changes in its competitive environment. As such it mostly refers 

to an organizational change that is initiated when the firm has already experienced, or is 

currently experiencing, a change in its competitive environment. The role of the second 

type of strategic action is to leverage future environmental changes in an effort to develop 

new ways of creating value. This task requires an anticipatory action that involves a 

process of foreseeing the future course of events and attempting to build an 

organizational base to exploit the opportunities stemming from such changes (Teece, 

2007, 2009; O’Reilly and Tushman, 2008).    

Protecting the current value created by the firm requires undertaking a large 

number of activities to produce outputs that increase the likelihood of firm survival and 

prosperity (Winter, 2003). It represents a repository of historical experiences and 
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organizational learning and routines (Winter, 2000), which are developed through time 

and change incrementally to adapt to changing conditions (Nelson and Winter, 1982). 

Such a "problem solving" process is usually characterized by a slow pace of adaptation 

and a high cost of new capabilities development (Argyris and Shön, 1978; Teece, et al., 

1997).  

In environments where structural changes are frequent, protective post-ante 

strategic actions may be insufficient. Such dynamic competitive environments demand an 

initiated "pre-failure" mechanism that generates organizational development processes 

that are targeted not solely at protecting the current value created by the firm, but also at 

exploring new knowledge sources or new ways of actions (Simon, 1993). In 

environments where the slow and costly process of value protection does not suffice, the 

ex-ante development of capabilities for the creation of new bases of competitive 

advantage is likely to gain dominancy.   

In its extreme sense, an anticipatory strategic action echoes the notion of 

hypercompetition, which is “characterized by intense and rapid competitive moves, in 

which competitors must move quickly to build [new] advantages and erode the 

advantages of their rivals” (D’Aveni, 1994:217-218). From the less polar perspective of 

environmental dynamism, the notion of anticipatory strategic action starts with proactive 

organizational search. Nelson and Winter (1982) describe a state of routinized behavior 

that, together with changes in the external environment, shapes organizational evolution. 

Their notion of search is partly routinized, predictable and controllable, and partly 

stochastic, and permits both ad-hoc problem solving (Cyert and March, 1963) and 

planned search initiatives (Aguilar, 1967; Daft and Weick, 1984). As such, Nelson and 
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Winter's dynamic view of organizational evolution is defined by the firm’s ability to 

undertake ex-ante modifications to its structure and capabilities over time. As manifested 

by Prahalad and Hamel (1990:80), “the critical task for management is… creating 

products that customers need but have not yet even imagined”. As such, in dynamic 

competitive environments, sustainability and success are strongly associated with 

repetitive anticipatory change processes. Moreover, the fact that the direction of growth is 

not fully known ex ante requires firms to develop strategic variation, while developing 

new and existing resources and capabilities (Burgelman, 1991; March, 1991; Zollo and 

Winter 2002). It therefore follows that one important attribute of dynamic capabilities is 

the “capacity with which to identify the need or opportunity for change, formulate a 

response to such a need or opportunity, and implement a course of action” (Helfat, et al., 

2007:2) in order to “address rapidly changing environments” (Teece, et al., 1997).  

Yet, the vast majority of extant dynamic capabilities literature takes an inward 

looking approach focusing on the ways firms “integrate, build, and reconfigure internal 

and external competences” (Teece, et al., 1997) and thus neglects the role of evaluating 

expected changes in the firm's external environment when taking anticipatory strategic 

actions. Hence, while most of the dynamic capabilities literature concentrates on the 

internal aspects of change (e.g. change routines), there are other important facets of 

dynamic capabilities, such as the ability to anticipate environmental changes and their 

associated potential (Teece, et al., 2002; Denrell, et al., 2003), that remain vastly under-

explored.  Based on the above discussion, we develop our first group of propositions:  

Proposition 1: Firm’s dynamic capabilities are comprised of two different, yet 

complementary, types of strategic actions: problem-solving actions and 

anticipatory actions. 
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Proposition 2: Problem-solving actions and anticipatory actions require different 

organizational structures, decision making processes, motivations, and risk 

profiles, and have different levels of legitimacy. 

Proposition 3: The role of dynamic capabilities of the problem-solving type is to 

protect and develop current value creation by adapting to changes in the firm's 

competitive environment.  

Proposition 4: Dynamic capabilities of the anticipatory type aim at developing an 

organizational base that can enable the firm to translate expected changes into value 

creation. 

iii. The Meso and the Micro Mechanisms of Dynamic 
Capabilities 
 

Nelson and Winter (1982:113) suggest that "an organization is not a perpetual 

motion machine; it is an open system that survives through some form of exchange with 

its environment". Namely, the process of firm strategic assets creation is, to some extent, 

subject to certain environmental conditions. The main theoretical reasoning here is that in 

a given competitive setting the major role of managers is to create fit between their 

organizations and their competitive environment by reconfiguring existing assets and 

developing new ones to address new environmental conditions (Teece, et al., 1997; 

Eisenhardt and Martin, 2000; Pisano, 2000; Zollo and Winter, 2002; Winter, 2003; Blyler 

and Coff, 2003; Teece, 2007; Helfat, et al., 2007). Such a fit often requires major 

strategic and organizational changes, which are likely to take time (Aldrich, 1979; Nelson 

and Winter, 1982). According to Miles and Snow (1984), “fit” is achieved through a 

process of dynamic search aimed at the internal arrangement of resources to align with 

the environment. Miles and Snow (1984) stress that firms must adjust their strategies and 
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structures in response to changes in their competitive environments. While some firms 

adjust successfully, others are unable to adjust, which leads to a misfit. Elaborating on the 

notion of fit, Helfat, et al., (2007:7) suggest the term ‘evolutionary fitness’, which refers 

to “how well a dynamic capability enables an organization to make a living by creating, 

extending, or modifying its resource base… evolutionary fitness depends on the external 

‘selection’ environment: evolutionary fit dynamic capabilities enable a firm to survive 

and perhaps grow, and prosper in the marketplace”.   

A critical issue in this respect is the question of whether firms operating in the 

same competitive environment achieve "evolutionary fit" by pursuing partly common fit-

enhancing strategic actions or whether such fit is achieved idiosyncratically. As noted by 

Ghoshal, et al., (2002:291), “while Penrosian growth is driven by what the firm can do - 

given its current institutional context - Schumpeterian integration is driven more by what 

might be possible in a different context”. It therefore follows that the homogeneity in 

firms' strategic actions can be associated with a (Schumpeterian) meso-level analysis that 

emphasizes commonalities in firm behavior, while the heterogeneity in firms' strategic 

actions can be associated with a (Penrosian) micro-level analysis of firm strategic 

behavior in terms of routines (Nelson and Winter, 1982) and specific resource structures 

(Penrose, 1959; Wernerfelt, 1984; Barney, 1991; Dosi and Nelson, 1994). The concepts 

of micro- versus meso-levels of analysis are summarized in more detail later. 

Following the main tradition of strategy research, which explores the foundations 

of sustainable competitive advantage, the extant dynamic capabilities literature has 

mainly emphasized the importance of idiosyncraticity. However, considering aspects of 

firms' adaptation processes and environmental selection mechanisms, one should extend 
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the discussion from the idiosyncratic aspects that stand at the heart of outstanding 

performance by firms to common characteristics that stand at the heart of adaptation by 

firms. Such an extension expresses the very basic Darwinian notion of survival of the 

fittest. Namely, it is not the strongest of the species that survives, nor the most intelligent, 

but the one that is most responsive to change.  

The main thrust of the current study is that, in specific competitive environments, 

the ability of firms to commonly change strategies congruently with changes in the set of 

strategic objectives detected by their competitive environment may be another important 

determinant of competitive advantage. While Eisenhardt and Martin (2000) have also 

suggested that there are dynamic commonalities in capabilities across firms, they suggest 

that such commonality implies that dynamic capabilities are equifinal, i.e. they lead to no 

performance variance across firms. In contrast, we argue that by pursuing a common (or 

partly common) set of particular strategic actions and organizational processes that may 

lead to value creation through the attainment of a better fit to their competitive 

environment, firms may outperform their rivals.  

In other words, we posit that competitive advantage is likely to arise from the 

ability to correctly identify and achieve successive equilibria of fit between a given firm's 

strategic actions and its evolving competitive environment. Thus, one should distinguish 

between two conceptual levels of analysis of the characteristics of dynamic capabilities - 

the 'micro' level analysis and the 'meso' level analysis. Micro level analysis pertains to the 

idiosyncratic nature of dynamic capabilities, arguing that the structure of such capabilities 

differs between firms based on path dependency and the evolution of their routines 

(Teece, et al., 1997, Zollo and Winter, 2002; Verona and Ravasi, 2004). This level of 
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analysis answers the question "How do firms actually execute changes in their strategic 

actions?" The second level focuses on the meso-level nature of dynamic capabilities 

across organizations, emphasizing processes that are similar across firms, and answering 

the question "What do firms do in light of a change in their competitive environment?" 

While the "how" dimension refers to strategic actions that are expected to be 

idiosyncratic (Barney, 1991; Zollo and Winter, 2002), the "what" dimension refers to 

strategic actions that are common, to some extent, to those taken by other firms operating 

in the same competitive environment. Such commonality is the outcome of firms 

identifying and anticipating the major competitive aspects (or set of strategic objectives) 

in their dynamic competitive environment and altering their strategies and actions 

accordingly, while overcoming path dependency dynamics. Based on the above 

discussion, we develop our second group of propositions: 

Proposition 6: Dynamic capabilities consist of both Micro and Meso mechanisms   

Proposition 7: Meso-level dynamic capabilities are associated with 

commonalities among firms and micro-level dynamic capabilities are associated 

with firm specific resource structures and routines  

Proposition 8: The micro mechanism of dynamic capabilities reflects the way 

firms actually execute changes  

Proposition 9: The meso mechanism of dynamic capabilities reflects what firms 

do in light of a change in their competitive environment 
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iv. The Impact of Competitive Settings on the Type of 
Innovation Pursued by Firms 
 

While a meso level analysis focuses on similarities across firms, asking what are 

the dimensions of a phenomenon while assuming that it exerts the same influence across 

a sample of firms (e.g. the successful ones), the micro level analysis asks why firms differ 

in terms of their development. The meso level characteristics of dynamic capabilities 

highlight the conditions governing the emergence of dynamic capabilities across firms, 

from which firm-specific micro-level dimensions of dynamic capabilities arise.  

Building on Helfat et al., (2007) and following Pavitt’s (2003:98) remark that “a 

better understanding of the evolution of capabilities requires greater empirical and 

analytical depth in notions of… the co-evolution of technology, organization, and 

markets”, we next exemplify the importance of analyzing the meso level characteristics 

of dynamic capabilities and the role of a firms' capacity to anticipate environmental 

change as a major factor in the creation of competitive advantage. We do this by focusing 

on a specific type of dynamic competitive environment, namely the industry life cycle 

(Abernathy and Townsend, 1975; Abernathy and Utterback, 1978; Klepper, 1996, 1997) 

with its clear-cut phases and patterns of firm growth, and on a specific type of strategic 

action, namely the relative level of technological exploration compared to exploitation 

(March, 1991; Levinthal and March, 1993). We break the overarching goal down into 

two specific research aims: 

1. To analyze the relationship between movement from one evolutionary phase of 

the industry life cycle (ILC) model to another phase and the ratio of exploration to 

exploitation undertaken by firms; 
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2. To investigate the relationship between changes in the levels of firm exploration 

and exploitation at different ILC phases and firm growth rates.  

 

Following the idea that changes in exploration and exploitation ratio represent an 

important aspect of firms' dynamic capabilities (O’Reilly and Tushman, 2008; 

Nooteboom, 2009), we build our set of hypotheses focusing on knowledge intensive 

industries characterized by developed markets for knowledge (Davenport and Prusak, 

1998; Teece, 2000) and strong intellectual property regimes (Pisno, 2006).  

Hypothesis 1: The level of exploration exhibited by knowledge intensive firms 

decreases as industries mature.   

Hypothesis 2: Knowledge intensive firms that adapt their exploration level to their 

industry phase outperform other knowledge intensive firms.   

 

Our subsequent hypotheses are derived from the fact that many industries, 

including knowledge intensive ones, often encompass relatively long and complex 

industrial value chains. For the sake of simplicity, we distinguish between two polar 

types of products manufactured by knowledge intensive firms. One type of product 

consists of components to be installed in a larger system or application that are supplied 

to product integrators. The other type of product comprises those manufactured on the 

basis of the aforementioned components and then sold by solution providers to the end 

customer.  

We argue that the type of products firms produce is expected to moderate the 

relationship between the industry phase in which firms operate and their relative level of 
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exploration. Component producers are more biased towards technological activities than 

solution providers, who are relatively more engaged than component producers in 

providing marketing, distribution, and customer support services to end customers. This 

difference further implies that a radical technological deviation from existing 

technological knowledge will be highly costly to solution providers, who must train their 

marketing, distribution and customer support personnel as well as transfer the new 

technological knowledge to multiple end customers. On the other hand, component 

producers face lower costs to conduct such activities because of the limited number of 

customers they serve and the higher level of sophistication of these customers (who are 

integrators rather than end customers).  

Moreover, the difference in the relative level of exploration between component 

producers and solution providers is expected to trigger path dependent dynamics (Arthur, 

1989; David, 2000), leading the two types of firms to different evolutionary paths in 

terms of their relative levels of exploration and exploitation. As such, not only are 

component producers expected to outweigh solution providers in their relative levels of 

exploration, the differences in the relative exploration levels of the two groups of firms is 

expected to increase over the ILC. We therefore hypothesize that:  

Hypothesis 3a: The tendency to engage in exploration is higher for component 

producers than for solution providers.  

Hypothesis 3b: The reduction in the level of exploration (and the increase in the level 

of exploitation) over the industry life cycle is greater for solution providers than for 

component producers.  
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Data and Methodology 
The Israeli Hi-Tech sector is populated by knowledge intensive firms and 

provides an excellent setting for our research. This sector is young and fast-growing, 

enabling data to be collected over multiple ILC phases starting from firm inception. It is 

also relatively small, which enables a large percentage of the entire firm population to be 

sampled, and comprises mostly single- or dominant-business firms, enabling a one-to-one 

relationship to be established between each firm and the industry phase in which it was 

operating in a given time period.  

We utilized structured questionnaires that we first pilot tested on a sample of 30 

firms before utilizing the revised questionnaires to obtain panel data (i.e. data containing 

observations on multiple phenomena observed over multiple time periods) from the 

senior management of 400 relevant firms derived from the comprehensive Dolev and 

Abramovitz list of hi-tech firms1. For each firm, interviewees were asked to identify up to 

five major periods of firm development since its inception. Each firm development period 

referred to a major strategic motive that reflected the firm's operations in that period, such 

as: development of a new product or technology, home sales of a product, penetration to 

foreign markets, development of subsequent technologies or products etc. Then, for each 

firm period, the interviewees reported on matters such as: financial data (e.g. sources of 

capital), inter-firm relations, the internationalization measures undertaken, the 

distribution of human resources between firm functions, and the main sources of 

knowledge within each function. Our final sample consisted of 541 firm period 

observations from 147 analyzed firms, where the average length of a period was reported 

to be around 2.9 years.  
                                                 

1
 We focused on firms with single (or dominant) business that have passed the initial R&D stages and have 

reached sales 
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From these observations and complementary data sources, we obtained data on 

two independent variables, two dependent variables, and three main control variables. 

The independent variables were industry phase (fluid, growth, maturity – none of the 

industries in which surveyed firms operated had entered the decline phase) and product 

type (component or solution). The dependent variables were exploration intensity (the 

share of R&D employees employed in the creation of new knowledge multiplied by the 

percentage of human resources enrolled in R&D activities) and firm growth (as the LAN 

of firm sales and as sales per employee per firm period). Firm period, industry type and 

market size per firm period served as control variables. Basic T-test comparisons between 

the 147 participating firms and the 253 non-participating firms did not show evidence of 

any non-response bias in terms of the averages of: firm sales, number of employees, age 

of firm, firm valuation, and industrial classification. 

v. Results and Discussion  
 

We find that exploration intensity reduces upon transition from the fluid phase 

into the growth phase and reduces again upon transition from the growth phase into the 

maturity phase, thus supporting Hypotheses 1. We find a negative relationship between 

exploration intensity and levels of sales and sales per employee. These results imply that, 

on average, firms that have a lower level of exploration intensity at more mature phases 

of the ILC have greater sales and sales per employee than other firms. Furthermore, as 

firms decrease their level of exploration intensity (as a result of moving to a more mature 

ILC phase), total sales and sales per employee increase. These results strongly support 

Hypothesis 2, as they imply that firm growth as well as growth per employee are greater 
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for firms that reduce their exploration intensity in accordance with the maturation of their 

industry. Finally, we find that component producers exhibit greater levels of exploration 

intensity over the ILC than solution providers, while solution providers experience a 

greater reduction in exploration intensity across all industry phases than component 

producers (albeit the difference is significant only for the growth and maturity phases), 

thus supporting Hypotheses 3a and 3b. 

The finding that knowledge intensive firms operating in early phases of the ILC 

exhibit relatively higher levels of exploration intensity than firms operating in later 

phases of the cycle provides empirical support for a relationship that is widely accepted 

in the literature but that, to the best of our knowledge, has rarely been tested empirically. 

Furthermore, our results extend extant literature by showing that the type of product firms 

produce acts as a contingency that moderates the relationship between ILC and 

exploration level. This highlights the importance of incorporating the impact of product 

type when predicting future changes in the relative levels of exploration and exploitation 

along the ILC. 

Specifically, we find that producers of components exhibit greater exploration 

intensity over the ILC than solution providers, with exploration intensity being at its peak 

for component producers operating in the fluid phase. While both component producers 

and solution providers reduce their levels of exploration over the ILC, the reduction is 

greater for solution providers, presumably as a consequence of their needing to diversify 

into a wider spectrum of activities. This diversification grants solution providers a higher 

capacity for organizational change and environmental adaptation (Tushman and 

Romanelli, 1985; March, 1991; Burgelman, 1991; Levinthal and March, 1993; Brown 
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and Eisenhardt, 1998) than component producers. Due to path dependent dynamics 

(David, 2000; Arthur, 1989), the technological focus of component producers and their 

explorative tendency is expected to lead to a more rigid organizational structure and to an 

inferior ability to adapt to environmental change (Leonard-Barton, 1992).  

Our findings support the notion that, in a rapidly changing competitive 

environment such as that of knowledge intensive industries, the common strategies firms 

take to meet the requirements of their external environment are a significant factor in 

determining their competitiveness (Aldrich, 1979; Hannan and Freeman, 1989). Although 

numerous studies have shown the importance of idiosyncratic characteristics in this area 

(Wernerfelt, 1984; Schmalensee; 1985; Prahalad and Hamel, 1990; Barney, 1991; 

Rumelt, 1991; Peteraf, 1993), creating hard-to-imitate strategies is often a time 

consuming task compared to designing strategies to attain short-term fit with the 

environment. Such strategic shifts may be relatively easily imitated, yet this may not 

significantly reduce rents in quick-changing environments since, by the time a given 

firm's strategic actions are imitated, that firm will already be pursuing new strategic 

actions to fit new environmental requirements. Hence, the ability of firms to proactively 

take well-sequenced strategic actions in rapidly changing environments (i.e. to act at the 

meso level) is a key for achieving and maintaining competitive advantage and may be as 

important as implementing firm-specific hard-to-imitate strategies (at the micro level). 

Thus, we argue that it is not solely the idiosyncratic or firm-specific way of adapting that 

leads to competitive advantage, but rather it is a combination of idiosyncrasy and the 

ability to maximize the fit between multiple successive and relatively short-term 

environmental requirements and the strategic actions firms take that creates a short term 
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competitive advantage. Future research should focus on analyzing the relationship 

between firms' product type, dynamic capabilities in the areas of exploration and 

exploitation, and performance. Ideally, such research should be performed on knowledge 

intensive firms based in a variety of countries and including larger and older firms (to 

enable the decline phase to be captured). 

We conclude that firm growth rates may arise from the ability to correctly identify 

and achieve successive equilibria of fit between the level of exploration and industry 

phase, rather than from sustaining a superior but static equilibrium position or relying 

solely on the development of idiosyncratic capabilities. In a broader sense, our findings 

imply that, in environments where the set of strategic objectives changes fairly rapidly, 

firms that change their strategies in accordance with anticipated environmental changes 

outperform their rivals.  



 28

1 Historical perspective  
 

Acknowledging the changing competitive environment of a Schumpeterian world, 

the concept of dynamic capabilities has received growing attention in the field of 

strategic management research (Teece, et al., 1997; Teece, 2007, 2009; Helfat, et al., 

2007). While a certain capabilities structure stands at the heart of firm survival and 

prosperity, its value is temporary. At some point in time, the structure will become 

irrelevant and a new set of contingent events will provoke a radical redesign. In that 

sense, competitive advantage is fleeting, and successful firms are those that are able to 

change with speed and efficiency, and focus on the development of future sources of 

competitive advantage (D'Aveni, 1994; Wiggins and Ruefli, 2004).  

How firms grow and sustain competitive advantage is the fundamental question in 

the field of strategic management. The leading paradigm in the field during the 1980s 

was Porter's (1980) market based view, which was rooted in research into industrial 

organization (Bain, 1959). The market based view stresses the position a firm can occupy 

within a given market while defending itself from competitive forces. Contrary to the 

market position focus of the paradigms favored during the 1980s, the popular paradigm 

of the next decade was the resource-based view (RBV; Wernerfelt, 1984; Barney, 1991). 

Here the focus shifted to firm's idiosyncratic characteristics and their isolating 

mechanisms to explain outstanding performance. While the RBV tends to focus on 

resource types and those characteristics that make them strategically important, it pays 

insufficient attention to the role of market dynamics (Priem and Butler, 2001). As such, it 

ignores external factors such as environmental turbulence (D'Aveni, 1984) and industrial 



 29

evolution (Abernathy and Utterbuck, 1978). In other words, markets change, which 

means that firm resources also have to change over time to continue to be relevant to the 

marketplace.  

We dedicate the next sections to presenting a short description of Penrose's (1959) 

theory of the growth of the firm, Nelson and Winter's (1982) evolutionary economics, 

and Barney’s (1991) resource based view, which, for our understanding have lead to the 

emphasis of the problem solving aspects of dynamic capabilities. Subsequently, we turn 

to discuss the concept of dynamic capabilities, in which we suggest that problem-solving 

and anticipatory actions are both major types of dynamic capabilities. While these two 

types based on different organizational structures, decision making processes, 

motivations, and risk profiles, they shape the process of firm resource and capability 

creation, extension and modification.  

1.1 Penrose (1959): The Theory of the Growth of the  Firm  
It is broadly accepted that Penrose's (1959) book "The Theory of the Growth of 

the Firm" is one of the pillars of strategic management thinking. In it, she abandons the 

neoclassical economic perception of the firm, in which it grows towards an a priory 

identified optimum scale. Instead, in an effort to expand the growth of “innovating, multi-

product, ‘flesh and blood’ organisations” (1959:13), she links theory regarding the 

process of firm growth with insights into the efficient management of firm resources and 

diversification strategies to offer an exploratory framework that links firm resources, 

capabilities, and competitive advantage. According to Penrose, a firm is a collection of 

tangible and intangible productive resources conjoined in an administrative structure that 

grows by exploiting perceived opportunities.  
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The experience of managers as a group and their understanding of the firm's 

resources and the competitive environment affect their image of the unique productive 

opportunities available to the firm. In that sense, managers act as a catalyst in the 

translation of firm’s resources into capabilities, and capabilities into novel products. 

Anticipating Teece (1982), Penrose claims that market imperfections are a central reason 

for diversification. "There is a close relation between the various kinds of resources with 

which a firm works and the development of the ideas, experience, and knowledge of its 

managers and entrepreneurs, and we have seen how changing experience and knowledge 

affect not only the productive services available from resources, but also ‘demand’ as 

seen by the firm... Unused productive services are, for the enterprising firm, at the same 

time a challenge to innovate, an incentive to expand, and a source of competitive 

advantage. They facilitate the introduction of new combinations of resources – innovation 

– within the firm. The new combinations may be combinations of services for the 

production of new products, new processes for the production of old products, or a new 

organization of administrative functions."(Penrose, 1959:85–6) 

A firm's ability to perceive productive opportunities2 stems in part from its 

managers' entrepreneurship in assessing its internal abilities and environment. This 

assessment may vary with changes in the knowledge base of the firm and with changes in 

the external conditions it faces. As such, a firm’s growth rate is defined both by its 

resources and its perception of business opportunities. Moreover, as firms do not possess 

the same resources and are not subject to the same environmental limitations, they grow 

                                                 
2
 A 'productive opportunity' is what an economy or firm has the potential to produce. It depends on the 

advancement of technology, the availability of and access to resources, and also on what producers and 
managers can think of at a given time, i.e. on the entrepreneurship of individuals. 
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at different rates and are subject to different profitability potentials. Penrose (1959) 

claims that the creation of economic value does not derive from a firm's resources, rather 

it is an outcome of the efficient and innovative managerial process of resources 

utilization. During the activity of the firm, two major things occur: generation of slack 

resources and new knowledge creation. Slack resources are generated by the experience 

curve and by non-maximal resource utilization3. Knowledge creation is an outcome of a 

firm's activity and might be found useful for the production of new products. Thus, as 

new services become available and old resources are freed up, a firm has an endogenous 

motivation to increase the range of activities in which it engages, which, in turn, should 

lead to increased profitably. It is thus likely that, in the case of a firm targeting a market 

whose growth rate is insufficient to contain its growth potential, the firm will tend to 

expand its activity and diversify into new products or markets. 

According to Penrose, slack resources not only generate the incentives for 

diversification, but also represent its limits. As unused productive services are a result of 

increasing growth in knowledge within the firm, they tend to be path dependent and 

limited, in the short run, in the extent to which they can be increased. As suggested by 

Penrose (1959:48), "There is nothing novel about the suggestion that there are difficulties 

attendant upon the rapid expansion of the activities of a group of individuals bound 

together by intricate and delicate relationships… I am giving so much attention to it in 

order to emphasize the significance of the experience gained by the personnel of a firm 

                                                 
3
 Organizational slack contributes to ensuring the survival of the firm in the long run (Cyert and March, 

1963) as it permits the firm “to adapt successfully to internal pressures for adjustment or to external 
pressures for change in policy, as well as to initiate changes in strategy with respect to the external 
environment” (Bourgeois, 1981: 30). 
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operating in a particular environment. In one form or another, the experience of a firm's 

managerial group plays a crucial role in the whole process of expansion".   

In summary, according to Penrose (1959), the knowledge and capabilities 

acquired by a firm through its daily productive activities determine both the opportunities 

it perceives and its ability to exploit them. Targeting effective resource exploitation, firms 

have to acquire knowledge of new markets. New markets, almost by definition, are 

different from current markets. As such, while economies of scope in existing knowledge 

may provide an initial advantage, in order to sustain profitable diversification, the firm 

must continuously acquire knowledge of new markets, to innovate and develop its initial 

advantages. As explained by Penrose (1959:137): "In the long run, the profitability, 

survival, and growth of a firm does not depend so much on the efficiency with which it is 

able to organize the production of even a widely diversified range of products as it does 

on the ability of the firm to establish one or more wide and relatively impregnable 'bases' 

from which it can adapt and extend its operations in an uncertain, changing, and 

competitive world. It is not the scale of production nor even, within limits, the size of the 

firm, that are the important consideration, but rather the nature of the basic position that it 

is able to establish for itself."   

Penrose (1959) proposed that firms can expand by adding new products and that 

firm resources are never fully utilized and offer a potential for further extension of firm 

activities. She proposed that the rate of growth is limited only by the scope of managerial 

resources and that firm diversification is limited by the need to preserve integration with 

the rest of the firm. However, Penrose ignored other issues involved in continued 

expansion, such as expansion by merger or acquisition and collaborations and the need 
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for strategic focus (Pitelis, 2002). In her work, Penrose laid the foundation for a broad 

research stream that links firm capabilities and resources to firm performance and 

sustainable competitive advantage. Yet, most of this groundbreaking literature focuses 

not so much on the creation of new resources but on their employment (Goshal, et al., 

2002; Foss, 2002). Practically, the only branch of literature that emphasizes the aspect of 

resource creation is that which deals with dynamic capabilities.  

In a dynamic environment, changing demands affect the productive opportunities 

facing firms, which demand modifications in the resources the firm invests in productive 

services. Yet entrepreneurial qualities are not available to all managers equally, and 

therefore firms differ in terms of their abilities to realize productive opportunities and 

sustain superior returns. Indeed, paralleling the core arguments of the dynamic 

capabilities school (Teece, et al., 1997), Penrose (1959) claims that the only means of 

protecting competitive advantage is to innovate on a constant basis. "In entering any new 

field, a firm must consider not only the rate of return it might expect on its new 

investment but also whether or not its resources are likely to be sufficient for the 

maintenance of the rate of investment that will be required to keep up with competitors’ 

innovations and expansion in its existing fields as well as in the new one. Even when a 

firm enters a new field armed with a revolutionary innovation and is able to ward off 

competition with patent protection or other restrictive devices, it must expect that in time 

it will be overtaken if it fails to continue to develop its advantage" (Penrose, 1959:136–

7). Yet, while acknowledging the role of a firm's capacity for change, Penrose makes 

only a limited contribution to our understanding of the mechanisms leading to this 

change.         
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1.2 Nelson and Winter (1982): An Evolutionary Theor y of 
Economic Change 

Economic evolution has been referred to as "the changes in the economic process 

brought about by innovation, together with all their effects, and the response to them by 

the economic system" (Schumpeter 1939:86). Applying Schumpeter's theory of 

innovation and Simon-March-Cyert's concept of heterogeneous agents to the 

organizational level as a whole, Nelson and Winter (1982) suggest a dynamic framework 

of organizational evolution.  

Nelson and Winter view the firm as a profit seeking unit that primarily builds and 

exploits knowledge assets. Their basic building blocks are 'routines' that "play the role 

that genes play in biological evolutionary theory… [routines are] a persistent feature of 

the organism and determine its possible behavior" (1982:14). Subsequently to Cyert and 

March (1963), Nelson and Winter's model sets up a hierarchical structure of routines, in 

which high level routines regulate the modification of lower level routines. The first class 

of routines contains the short-run procedures that govern the firm's current capital stock 

usage. These 'operational routines' are responsible for ongoing and every day actions. The 

second class of routines governs modifications to the firm's capital stock over time 

(usually in response to environmental stimuli). These long term routines represent 

strategic organizational processes. The third class of routines forms the basis for 

organizational dynamics and innovation. These routines "operate to modify over time 

various aspects of their [firms'] operating characteristics… These routine-guided, routine-

changing processes are modeled as 'searches'” (1982:17-18). The term 'search' is used to 

indicate all organizational activities that are connected with evolution and modification of 

existing routines. Among such activities, Nelson and Winter mention R&D laboratories, 
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market analysis units, and the periodic "scrutiny of what the firm is doing and why it is 

doing it, with the thought of revision or even radical change"(1982:17). As such, 

according to Nelson and Winter's perception, search behavior is one of the main factors 

generating variation in firm routines. 

Nelson and Winter draw a picture of routinized behavior which, together with 

external environments, molds organizational evolution. Actually, the "concept of search 

obviously is the counterpart to that of mutation in biological evolutionary theory" 

(1982:18). Not completely in-line with Darwinian biological evolution, Nelson and 

Winter's search is characterized by being partly routinized, predictable and even 

controllable, and partly stochastic. Thus, Nelson and Winter's firms are not characterized 

by neo-classical total control. Nor are they bounded entirely within their predetermined 

March and Simon's evolutionary path. In spite of strong organizational inertia, the 

evolutionary model enables firms to control their behavioral changes (to some extent). 

For such systems, the evolutionary model permits both ad-hoc problem solving (Cyert 

and March, 1963) and initiated pre-failure search activity (e.g. Aguilar, 1967; Daft and 

Weick, 1984). Nelson and Winter's dynamic view of organizational evolution 

characterizes the firm through its ability to modify its structure, capabilities, and 

performance over time. Their notion of search releases the firm, to some extent, from its 

myopic nature (Levinthal and March, 1993). Given path dependency, firms are usually 

able to adjust their 'genetic structure' to the changing environment through successful 

search implementation. 

Nelson and Winter (1982) treat firms as motivated by profitability, emphasizing 

the tendency for the more profitable firms to drive the less profitable firms out of the 
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market. Yet, Nelson and Winter do not base their claims and simulation model on 

hypothetical states of industry equilibrium, in which only profitable firms take part in the 

industry. Rather, firms are modeled as having specific organizational capabilities and 

decision rules that change in response to both deliberate problem-solving efforts and 

random events. 

Thus, the theory of evolutionary economics suggests an organizational dynamic 

perspective that emphasizes the possibility of proactive behavior on the part of the firm, 

enabling strategic dynamic development and a possible, but limited, interference by the 

firm in its evolutionary path. However, by concentrating on the firm's evolutionary 

process and analyzing it from a wide organizational perspective, Nelson and Winter's 

model does not suggest a satisfying characterization of organizational search 

mechanisms. Such a characterization is needed both for further micro organizational 

theoretic development and for practical organizational search management. 

1.3 Barney (1991): The Resource Based View 
The resource based view (RBV) was suggested by Wernerfelt (1984), Barney 

(1991), Grant (1991), and Peteraf (1993), who built on the earlier work of other 

researchers (Coase, 1937; Selznick, 1957; Penrose, 1959; Chandler, 1962; and 

Williamson, 1975). The RBV emphasizes that a firm’s sustainable competitive advantage 

is derived from unique and immobile resources. It is a firm's bundle of resources and the 

way that they are combined that differentiate between firms and, in turn, enable a firm to 

deliver products to the market (Hamel and Prahalad, 1994). In contrast to the market-

based view (Porter, 1980), in which firms are largely homogeneous, and competition is 

seen as taking place through positioning in attractive markets, the RBV highlights the 
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idiosyncratic aspects of the firm and explores whether it has the resources and 

competencies to compete in a market4. Similarly, Rumelt (1991), who explores firm 

profit differentials within and across industries, finds that there are greater differentials 

within industries than across industries. Rumelt's finding provides empirical support for 

the notion that firm specific characteristics must contribute to these intra-industry 

differences. 

Referring to Daft (1983), Barney (1991:101) suggests that "...firm resources 

include all assets, capabilities, organizational processes, firm attributes, information, 

knowledge, etc; controlled by a firm that enable the firm to conceive of and implement 

strategies that improve its efficiency and effectiveness". Many scholars (e.g. Teece, 1982; 

Madhok, 1997) argue that, in order to understand the source of a firm's competitive 

advantage, one must consider the capabilities of the firm. Amit and Schoemaker 

(1993:35) split Barney's concept of resources into two categories: resources and 

capabilities. While resources are tradable and not firm-specific, capabilities are firm-

specific and are used to employ the resources within the firm, (Makadok, 2001; Conner 

                                                 
4 The term "sustainable competitive advantage" has been suggested by Porter (1980). Porter suggests a 
model for identifying potential positions that protect the firm from the forces of competition; protection that 
should lead the firm to achieve competitive advantage. Discussing various competitive strategies that 
organizations can use to achieve, a priori, a position in competitive markets, Porter suggests the Five 
Forces Model (1985). The model outlines entry barriers, threats of substitution, suppliers' and buyers' 
bargaining power, and industry rivalry as the forces that determine the profitability potential of a firm and 
the foundations of its ability to develop competitive advantage. The positioning approach argues that 
sustainable competitive advantage is an outcome of the firm's ability to defend an advantageous position 
within an industry by creating and exploiting barriers to competition. These barriers could be recognized 
during a process of industrial analysis (Porter, 1980) or in the course of evaluating strategic alternatives. A 
wide range of scholars have commented on Porter's model, which has usually been criticized on the 
grounds that it uses simplistic assumptions as to the similarity of strategic resources and the static nature of 
the competitive ground (Grant, 1991, Teece, et al. 1997). Another weakness in the model is its clear-cut 
separation between competitors and co-operators. While simplifying environmental coexistence, the model 
neglects its complexities. For example, Brandenburger and Nalebuff's (1997) notion of co-opetition is 
represented by Netscape and Microsoft, which compete strongly in the internet browser field, but still co-
operate well in the development of security protocols for present and future Internet users.  
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and Prahalad, 1996; Barney, et al., 2001). In that sense, capabilities are high-level 

routines that provide a set of decision options for producing a collection of outputs 

(Nelson and Winter 1982).  

The RBV perspective identifies the potential core resources of a firm that may 

stand at the heart of its sustainable competitive advantage. In order to do so, these 

resources should meet the "VRIN criteria" (Barney, 1991). They have to be Valuable and 

enable a firm to employ a value-creating strategy (Amit and Shoemaker, 1993). They 

have to be Rare (Dierickx and Cool, 1989) and Inimitable (Peteraf, 1993; Rumelt, 1984). 

A good example for these are knowledge-based resources, which, as suggested by Conner 

and Prahalad (1996:477), are “…the essence of the resource-based perspective”. Such 

knowledge based resources are important as they are inherently difficult to copy, thus 

facilitating differentiation (McEvily and Chakravarthy, 2002) and improving 

performance (McGrath et al., 1996). Finally, these resources have to be Non-

substitutable, which refers to the fact that, even if a resource is rare, valuable and 

imitable, an equally vital aspect of its sustainability is that it cannot be substituted with 

something else (Dierickx and Cool, 1989). According to Barney (1991:102) "a firm is 

said to have a sustained competitive advantage when it is implementing a value creating 

strategy not simultaneously being implemented by any current or potential competitors 

and when these other firms are unable to duplicate the benefits of this strategy". Prahalad 

and Hamel (1990) argue that firms combine their resources and skills into core 

competencies. By doing so in a unique and on-going manner, the firms may achieve a 

sustainable competitive advantage. Emphasizing idiosyncrasy, the works of Cool and 
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Schendel (1988)5 and Rumelt (1991)6 have demonstrated the role of the specific firm's 

competences and actions in its success.  

The traditional RBV adopted an inward-looking view, conceptualizing firms as 

heterogeneous entities consisting of bundles of idiosyncratic resources confined by the 

firm’s boundaries. As suggested by Lavie (2006), the RBV’s assumption of ownership 

and control of resources is rooted in most traditional resource definitions and concerns 

the core idea that firms secure rents by protecting their proprietary resources. Following 

the industry analysis framework (Porter, 1980) that emphasizes entry barriers and 

mobility barriers protecting a firm's competitive position, the RBV scholars developed 

their own conception of barriers designed to guard a firm’s resources from imitation and 

substitution (Wernerfelt, 1984; Barney, 1991; Peteraf, 1993). Yet, recently scholars 

embraced a broader approach to the RBV, assuming that resources that confer 

competitive advantage can also be held outside the firm’s boundaries (e.g. Dyer and 

Singh, 1998; Gulati, 1999; Gulati, et al., 2000; Zaheer and Bell, 2005; Lavie, 2006). In 

that line, Dyer and Singh (1998) claim that a firm’s critical resources may be embedded 

in inter-firm resources and routines. They argue that relationships between firms are used 

as a source of competitive advantage. Thus, idiosyncratic inter-firm linkages may be a 

source of competitive advantage. This analysis suggests that a firm’s unique resources 

may span firm boundaries and may be embedded in inter-firm routines and processes. 

Generally, the resource based view explains a firm's relatively high rents by 

focusing on its distinctive lower costs or higher quality rather than by emphasizing its 

engagement with strategic investments that may derive from a better market position and 

                                                 
5 The work demonstrates the performance variations that exist among firms from the same strategic group 
(USA pharmaceuticals).    
6 The work shows that intra-industry profit variations are greater than inter-industry profit variations    
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increased long-run rents. Sustainable competitive advantage is founded in the firm’s 

idiosyncratic and difficult-to-imitate resources.   

2 Theoretical Background: The Concept of Dynamic 
Capabilities  

 

The concept of dynamic capabilities has received growing attention in the field of 

strategic management research. By adding aspects of resource recombination and 

development to meet environmental change, this perspective underlines the strategic 

importance of innovation and adaptation to firms. However, such significant growth has 

been accompanied by a proliferation of definitions of the main construct as well as the 

emergence of a multifaceted and diversified body of research. In the current chapter we 

aim to review the definitions of the main concept and theoretical constructs, emphasizing 

the major research avenues.   

2.1 Definitions and Theoretical Constructs  
 

The concept of dynamic capabilities first introduced by Teece and Pisano (1994) 

and Teece, et al., (1997) implies that, in a dynamic environment, a firm’s competitive 

advantage lies in its capacity to “integrate, build, and reconfigure internal and external 

competences to address rapidly changing environments” (Teece, et al., 1997). Eisenhardt 

and Martin (2000: 1107) define a dynamic capability as the firm’s “processes to integrate, 

reconfigure, gain and release resources—to match and even create market change. 

Dynamic capabilities thus are the organizational and strategic routines by which firms 

achieve new resource configurations as markets emerge, collide, split, evolve and die”. 
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Specifically, the framework of dynamic capabilities suggests that “the emergence of new 

products and processes results from new combinations of knowledge and that processes 

of organizational and strategic renewal are essential for the long-term survival of business 

firms” (Teece, 2009:97-8). As such, dynamic capabilities allow the firm to generate rent 

by attaining new forms of competitive advantage (Teece, et al., 1997).  

The term ‘dynamic’ refers to the ability to renew competences and achieve 

correspondence with the changing environment. As suggested by Collis (1996:150) "the 

capabilities must be dynamic, allowing the organization to continuously improve the 

performance of its product market activities, continually advancing the production 

frontiers". A similar approach is found in Teece, et al., (1997: 515) "The term ‘dynamic’ 

refers to the capacity to renew competences so as to achieve congruence with the 

changing business environment; certain innovative responses are required when time-to-

market and timing are critical, the rate of technological change is rapid, and the nature of 

future competition and markets difficult to determine".  

The term ‘capabilities’ emphasizes "the key role of strategic management in 

appropriately adapting, integrating, and reconfiguring internal and external organisational 

skills, resources, and functional competencies to match the requirements of a changing 

environment" (Teece, et al., 1997:515). It stresses the managerial and the firm aptitude to 

execute the organizational change process on an initiated and repetitive basis (Teece, 

2007). 'Capabilities' expresses the aptitude of the firm and its managers in repeatedly 

initiating and executing organizational change to improve the fit between the firm and its 

environment. They are high-level routines that are embedded in idiosyncratic social 

structures and equip firm management with a collection of decision alternatives for 
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generating outputs (Nelson and Winter 1982). As suggested by Hamel and Prahalad 

(1996: 223-4), capabilities are a "bundle of skills and technologies rather than a single 

discrete skill or technology…representing the sum of learning across individual skill sets 

and individual organizational units …skills than enable a firm to deliver a fundamental 

customer benefit”. Capabilities are not individual skills. Rather they are an organizational 

component rooted in “links across a mosaic of individual capabilities” (Lewin et al., 

1999). These links are the product of the organization as an entire system, and developed 

over long time periods and throughout multifaceted interactions between the firm’s 

resources (Amit and Schoemaker 1993; Collis, 1994; Winter, 2000). As such, capabilities 

do not find expression solely in visible corporate structures and processes, but rather exist 

in the firm's culture.  

In conclusion, while the term ‘capabilities’ means various things to various 

scholars, we follow Helfat’s (2003:1) definition that “an organizational resource refers to 

an asset or input to production (tangible and intangible) that the organization owns, 

controls, or has access to on a semi-permanent basis. An organizational capability refers 

to an organizational ability to perform a coordinated task, utilizing organizational 

resources, for the purpose of achieving a particular end result”. 

Addressing this need, the literature has long discussed the role of special 

capabilities that cause other capabilities to emerge. The concept of Absorptive Capacity 

(Cohen and Levinthal, 1990; Lane and Lubatkin, 1998; Zahra and George, 2002) refers to 

‘the ability of a firm to recognize the value of new, external information, assimilate it, 

and apply it to commercial ends’ (Cohen and Levinthal, 1990:28). As argued by Grant 

(1996), the primary role of the firm is integration and utilization of knowledge. A firm 
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with a higher absorptive capacity is more competent in learning to integrate external 

knowledge (Verona and Ravasi, 2003; George, 2005). In Nelson and Winter’s (1982) 

model, organizational change is carried out by search processes, which are higher-level 

routines for deliberate learning and exploration that guide firm evolution and are the 

sources of its variation. Nelson and Winter (1982:18) define this activity as "routine-

guided, routine changing processes" that "operate to modify over time various aspects of 

[a firm's] operating characteristics’ (1982:17) and increase firm variation (menu of 

strategic options).  

Zahra and Gerard (2002) suggest that dynamic capabilities are “essentially change 

oriented capabilities that redeploy and reconfigure resources”. Teece (2007), taking a 

more general view, claims that "whereas, according to Porter, the essence of strategy 

formulation is ‘coping with competition’ (Porter, 1991: 11), in the dynamic capabilities 

tradition the essence of strategy involves selecting and developing technologies and 

business models that build competitive advantage through assembling and orchestrating 

difficult-to-replicate assets, thereby shaping competition itself".  

From a somewhat different perspective, Eisenhardt and Sull's (2001) concept of 

“strategy as simple rules” emphasizes learning by trial and error that permits a rapidly 

new knowledge development rather than exploiting existing knowledge to imitate the 

past. In that sense, the concept of dynamic capabilities capacity and effectiveness "is 

itself a learned organizational skill. The more frequently practiced, the easier 

accomplished” (Teece, et al., 1997:521). Stressing the role of organizational learning 

processes, Zollo and Winter, (2002) define dynamic capabilities as an intertwined 

learning cycle where “learning processes based on craftsmanship… appear to be more 
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effective and cheaper than their highly inertial alternatives”. For Zollo and Winter (2002), 

dynamic capabilities are a “learned and stable pattern of collective activity through which 

the organization systematically generates and modifies its operating routines in pursuit of 

improved effectiveness”. For them, it is organizational systematic and deliberate learning 

(e.g. knowledge articulation, experience accumulation, and knowledge codification) that 

makes dynamic capabilities so beneficial7. Teece (2000:26) suggests a definition of 

dynamic capabilities that brings most of the above mentioned aspects together: “Dynamic 

capability is the ability to sense and then to seize new opportunities, and to reconfigure 

and protect knowledge assets, competences, and complementary assets and technologies 

to achieve sustainable competitive advantage”.  

2.2 Different Types of Dynamic Capabilities  
 

While most of the literature stresses the role of dynamic capabilities in the 

modification of operational routines, not all dynamic capabilities are of that kind. 

Eisenhardt and Martin (2000) suggest that the conventional view of dynamic capabilities 

(routine based activity) is applicable to moderately dynamic markets. Yet turbulent 

environments, they continue, demand another expression of dynamic capabilities in the 

shape of “simple, highly experiential and fragile processes” (Eisenhardt and Martin, 

                                                 
7
 With respect to dynamic capabilities, two aspects of knowledge should be mentioned. The first aspect is 

the scope of the firm's knowledge. Knowledge is one of the most strategically important resources of the 
firm (Grant, 1996). In a given situation, a wide and diversified knowledge base may contribute 
considerably to the generation of appropriate strategic actions. The second aspect is the flow of knowledge 
into, within, and from the firm. In a dynamic environment, firms must generate new knowledge and 
recombine old information (Kogut and Zander, 1992). In that sense, dynamic capabilities refer both to the 
act of new resource creation and to the recombination of existing resources to new strategic initiatives. 
While new resource creation is the innovative development of totally new sets of knowledge and routines 
(Levinthal and March, 1988; March 1991), recombining existing resources involves either imitating other 
routines or refining and adapting existing routines (March, 1991; Levinthal and March, 1988).  
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2000). More generally, Helfat et al., (2007:2) claim that “the concept of dynamic 

capabilities includes the capacity with which to identify the need or opportunity for 

change, formulate a response to such a need or opportunity, and implement a course of 

action… Not all dynamic capabilities serve all three functions. Instead, different dynamic 

capabilities serve different purposes”.  

Developing the idea of different types of dynamic capabilities, Nooteboom 

(2009:243) suggest four categories. His first type of dynamic capability is “to design and 

implement an organizational focus that provides sufficient alignment for exploitation, 

where needed, and yet is only limitedly cohesive, allowing for exploration” (see chapter 

5.1 for more details on exploration and exploitation). His second type is an absorptive 

capacity and “behavioral capability to communicate across cognitive distance”. A third 

type of dynamic capability is the ability to “employ a heuristic of invention for 

developing exploitation into exploration”. Finally, Nooteboom's fourth dynamic 

capability is “the capability to design a network of optimal density… and to develop an 

optimal position of centrality… depending on one’s strategy… and one’s other 

capabilities”.    

In the current work we suggest that dynamic capabilities constitute two different, 

yet complementary, types of strategic actions: problem-solving actions and anticipatory 

actions (Augier and Teece , 2006). We also suggest that firm’s dynamic capabilities 

involve common characteristics central to environmental selection mechanisms and a 

firm’s adaptation and survival. Such an extension expresses the very basic Darwinian 

notion of “survival of the fittest” which is derived both from idiosyncratic and common 

aspects. We elaborate on this two dimensions in chapter 3 “Problem-Solving and 
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Anticipatory Orientation of Dynamic Capabilities “and chapter 4 “The Meso and the 

Micro Mechanisms of Dynamic Capabilities”.  

3 Problem-Solving and Anticipatory Orientation of 
Dynamic Capabilities  

 

While a certain capabilities structure stands at the heart of firm survival and 

prosperity, its value is temporary. At some point in time, the structure will become 

irrelevant and a new set of contingent events will provoke a radical redesign. In that 

sense, competitive advantage is fleeting, and successful firms are those that are able to 

change with speed and efficiency, and focus on the development of future sources of 

competitive advantage (D'Aveni, 1994; Wiggins and Ruefli, 2004).  

In dynamic environments, firms experience the continuous erosion of existing 

advantages and the need to continuously create new advantages. To reduce the effects of 

path dependency, a firm should diversify its knowledge base through experiential 

learning (Collins and Porras, 1997), which may lead it into new market positions and a 

new capabilities structure. Survival in dynamic environments demands that firms 

purposefully modify their resource base (Helfat et al., 2007) and constantly create new 

competitive positions (Wiggins and Ruefli, 2004) given path dependencies and market 

positions (Penrose, 1959; David, 1985; Arthur 1989; Leonard-Barton 1992; Cowan and 

Gunby, 1996).  

However, the general requirement for fit between the external environment and 

firm strategy and structure is usually taken for granted, rather than being grounded in 

specific operational forms. As suggested by Venkatraman and Prescott (1990:2) 

“theoreticians postulate environment-strategy relationships using phrases such as: 
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'matched with', 'contingent upon', and 'congruent with' or more simply, 'aligned', 'fit' and 

'congruence', without necessarily providing precise guidelines for translating such 

statements into the operational domain of empirical research and statistical tests”. 

Moreover, while the assumption that fit between environment, strategy, and structure will 

lead to better performance finds support in numerous empirical studies (e.g. Grinyer et 

al., 1980; Hambrick, 1982; Dess and Davis, 1984; Miller and Friesen, 1986; 

Venkatraman and Ramanujam, 1986; Miller, 1988, 1991, 1992; Lumpkin and Dess, 

1995; Helms et al., 1997), surprisingly little effort has been dedicated to understanding 

environmental change and the impact of its typologies on the survival and performance of 

organizations. As suggested by Suarez and Oliva (2005:4), “terms such as “radical” or 

“profound” to characterize environmental change (Ginsberg and Buchholtz, 1990) and 

“turbulent” versus “stable” to contrast environments (Miller, et al., 1996) have been used 

by many authors with no particular precision as to their meaning”.  

Following the tradition of dynamic capabilities researchers, Augier and Teece, 

(2006:407) suggest that “in addition to the routinized foundations of dynamic capabilities 

… there is perhaps a far more important source of dynamic capabilities—the ability not 

just to sense changing market and technological opportunities, but to seize them through 

effectuating new combinations”. Namely, while most of the dynamic capabilities 

literature concentrates on the internal aspects of change (e.g. change routines), there are 

other important facets of dynamic capabilities, such as entrepreneurial leadership (Augier 

and Teece, 2006) and the ability to identify environmental changes and their associated 

potential (Teece, et al., 2002; Denrell, et al., 2003). 
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Moreover, the experimental role of competitive markets has been widely 

recognized by most of the great economists, from Adam Smith (1776) to Schumpeter 

(1934). An essential characteristic of Schumpeterian competition is that firms cannot 

recognize in advance whether it is worthwhile to act as an innovator (or an imitator) and 

what would be the optimal level of R&D expenditure. Only time will reveal the “best” or 

most appropriate strategies. Yet, still one may claim that environment-firm relations are 

not a random walk in its full sense and that, as previously suggested, the strategic route is 

not solely about adaptation but also about proactive internal and external activity on the 

part of the firm. Thus, following Pavitt’s (2003:98) remark that “a better understanding of 

the evolution of capabilities requires greater empirical and analytical depth in notions of 

innovative “routines”, and more specifically, of the coevolution of technology, 

organization, and markets”, we continue with our analysis building on two 

complementary aspects of dynamic capabilities: (1) environmental fit, and (2) drivers of 

organizational change. Consequently, we suggest an extension to Teece's (2007) notion 

of “micro foundations of dynamic capabilities” to the Meso and the Micro levels of 

dynamic capabilities.  

3.1 Environmental Fit  
 

Aldrich (1979) showed that organizational forms must either fit their environment 

or fail8. Aldrich highlighted that organizational change involves movement toward a 

                                                 
8
 The notion of fit (also termed coalignment or contingency) suggests an alignment among internal aspects 

of the firm, such as strategy, management and structure (Chandler, 1962; Rumelt, 1974; Gupta and 
Govindarajan, 1984) and external alignment between organizational structure or strategy and the 
environment (e.g., Hofer, 1975; Bourgeois, 1980; Hitt, et al., 1982; Anderson and Zeithaml, 1984; 
Hambrick, 1988; Miller, 1996; Siggelkow, 2001; Donaldson, 2001). A key hypothesis for this concept is 
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better fit with the environment. According to his ecological model, while the possibility 

of strategic choices exists, at least three environmental dimensions restrict the execution 

of this choice by changing either the environment or the organizational form. Initially, 

due to economic and legal barriers, organizations are limited in their capacity to exploit 

opportunities. Second, individual organizations cannot influence the environment. 

Finally, decision-makers’ are often characterized by distorted perceptions of the 

environment. Following this analysis, Aldrich (1979) stresses the fact that a preferred fit 

does not mean the existence of a single option, but is a matter of the relative superiority 

of one expression of fit over other forms. 

Following Aldrich (1979), Dess and Beard (1984) suggest three basic 

environmental dimensions: Munificence, Dynamism, and Complexity. By munificence 

the authors refer to the extent to which an environment can support sustained growth (the 

level of resources); by dynamism they refer to environmental unpredictability; and by 

complexity they refer to the number and diversity of forces in the environment. Using 

similar measures, Keats and Hitt (1988) found a significant correlation between the 

environmental dimensions and organizational strategy, structure, and performance.  

Hannan and Freeman (1977) and Child (1972) suggest three dimensions to 

describe the organizational environment (see Table 1): (1) Complexity - the rate of 

change in environmental elements, (2) Variability - whether the elements are changing 

unpredictably or are stable, (3) Illiberality – the availability of resources in the 

environment (see also Simon and March’s 1958 notion of munificence).  

                                                                                                                                                 
that both internal and external fit enhance firm performance (Peteraf and Reed, 2007) and sustainable 
competitive advantage (Porter, 1996). 
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Following Child (1972) and Hannan and Freeman (1977), Wholey and Brittain 

(1989) suggest three dimensions for environmental change: Frequency, Amplitude, and 

Predictability. Building on Wholey and Brittain’s (1989) framework, Suarez and Oliva 

(2005) define four dimensions of environmental change: (1) Frequency - the number of 

environmental disturbances per unit of time. (2) Amplitude - the magnitude of the 

deviation from initial conditions caused by a disturbance. (3) Speed - rate of change of 

the disturbance. (4) Scope - the number of environmental dimensions that are affected by 

simultaneous disturbances and “require different degrees of sophistication and depth in a 

firm’s response to the resultant situations" (Suarez and Oliva, 2005:1022).  

Table 1: Description of the Patterns of Environmental Change 

 

Source: Wholey and Brittain (1989) 

Ansoff and Sullivan (1993:13) suggest that environmental turbulence is a measure 

of the degree of changeability (or discontinuity) and predictability of the firm’s 

environment. They distinguish between different levels of environmental turbulence that 

are determined by four descriptive factors. These factors are: (1) The complexity of 
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events in the environment; (2) The familiarity of the consecutive events; (3) The rapidity 

with which the events evolve; and (4) The visibility of the consequences of the events.  

To summarize, motivated by the attempt to explore the impact of the environment 

on firm performance, the literature suggests a wide range of environmental dimensions, 

most of which generally fall into four main categories: (1) Dynamics (or frequency), (2) 

Complexity, (3) Resource availability, and (4) Predictability. Each category impacts 

differently on firm sustainability and requires a different organizational reaction and 

resource deployment. Teece, et al.’s (1997) notion of position suggests that dynamic 

capabilities are context dependent. For example, exploring seven major Hollywood film 

studios, Miller and Shamsie (1996) find that, in times of relative stability, a competitive 

advantage can be sustained for a long period of time, however during turbulent periods, 

any advantages may be short-lived. Along the same lines, Eisenhardt and Martin (2000) 

suggest that variation in the frequency of environmental change (or high velocity 

markets9) demands different types of dynamic capabilities. When market dynamics are 

moderate, dynamic capabilities are to be found in complicated organizational routines 

that are based broadly on existing knowledge and linear execution. Yet, when the 

frequency of change is high, dynamic capabilities are simple, highly experiential, 

unstable and fragile processes that rely on quickly created new knowledge and iterative 

execution to produce adaptive, but unpredictable outcomes. In that sense, high velocity 

competition (Brown and Eisenhardt, 1998) is characterized by "intense and rapid 

competitive moves, in which competitors must move quickly to build [new] advantages 

and erode the advantages of their rivals” (D’Aveni, 1994:217–218). 

                                                 
9
  Here the meaning is rapid and unpredictable change 



 52

As suggested by Hannan and Freeman (1977) and Child (1972), complexity is 

about the rate of change of environmental elements. While incremental innovation 

involves small environmental changes and is associated with low complexity and 

exploitative activity, radical innovation fundamentally transforms the environment and 

associated organizational competencies (Henderson and Clark, 1990) and thus is 

associated with high complexity and explorative activity (O’Reilly and Tushman, 2008). 

From another perspective, Weick (1993) and Greenwood and Hinings (1996) claim that 

intensive environmental change (or high complexity) may severely erode the ability of 

firms to make sense of their environment, which in turn may cause ‘organizational 

paralysis’. Tushman and Romanelli (1985) suggest that more extreme forms of 

environmental change will be associated with more radical forms of organizational 

response. Newman (2000) describes the relationship between organizational change and 

institution-level as an inverted-U shape. Namely, changes that are too radical are 

expected to impose barriers to second-order learning and leave the firm with no 

appropriate learning patterns.   

Another aspect of environmental change is resource availability. While the focus 

here is on the availability of resources in the environment in light of the change, it opens 

an important avenue of research and source of dynamic capabilities. Although the 

relevance of exploiting “external resources” (Teece, et al., 1997) and the importance of 

“alliance and acquisition routines that bring new resources into the firm from external 

sources” (Eisenhardt and Martin, 2000:1108) has been pointed out, research in that 

direction remains almost untouched (Blyler and Coff, 2003; Lavie, 2008). Network 

resources are tangible and intangible assets, including information and reputation that 
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reside outside of a firm’s boundaries and can thus increase the scope of a firm’s resources 

and speed up its responsiveness (Gulati, 1999; Lavie, 2008).  

 Finally, the notion of change predictability opens another big question associated 

with firm dynamic capabilities. If environmental change is predictable (to some extent) 

the firm change processes could be activated before the full appearance of the change, 

which means the firm might meet the change ready in terms of capabilities structure and 

strategy. However, if the change is unpredictable and environmental evolution is a 

random walk (at its extreme), the only thing the firm may do in advance is to improve its 

dynamic capabilities (vs. the operational capabilities in the former case). 

One of the first scholars to point out that meso economic development is cyclic 

and thus possibly predictable was Schumpeter (1939) in his work The Theory of 

Economic Development and Business Cycles. While “among the factors which determine 

any business situation there are some which act from without the economic sphere” 

(Schumpeter, 1939:7), the process of economic development may be described as cycles 

that emerge when the previous economic system has come to a halt. “These booms 

consist in the carrying out of innovations in the industrial and commercial organisms. By 

innovations we understand such changes in the combinations of the factors of production 

as cannot be effected by infinitesimal steps or variations on the margin. They consist 

primarily in changes of methods of production and transportation, or in changes of 

industrial organisation, or in the production of a new article, or in the opening up of new 

markets or of new sources of material. The recurring periods of prosperity of the cyclical 

movements are the form progress takes in a capitalist society” (Schumpeter, 1939).  
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Similarly to the meso perspective, Schumpeter (1934) stated that industrial 

evolution is the direct outcome of entrepreneurship and competition. Schumpeter (1942) 

was among the first to suggest that the evolution of industries follows a life cycle pattern. 

Aiming to challenge the perception of industrial structures as static entities, Schumpeter 

suggested that industry evolution is formed by the character of innovative activity. His 

notion of 'gales of creative distraction' refers to entrepreneurial processes characterized 

by the introduction of disruptive changes to the market that wipe out existing industries 

and form new ones. With industrial maturation, the nature of innovative changes and 

markets becomes much more stable until their decline. Following Schumpeter (1939, 

1942), Utterback and Abernathy (1975, 1978) suggest that any industry has a finite life 

span that is characterized in a “consistent and identifiable manner” by evolution and 

change.  

Thus, environmental change, like firm’s dynamic capabilities, is a multi-

dimensional phenomenon. As such, different types of dynamic capabilities may be 

applicable to different aspects of change. Referring this issue, Cockburn, et al., 

(2000:1124) suggest “that empirical strategy researchers need to move beyond studies of 

differential performance to more integrated studies which not only identify those factors 

that are correlated with superior performance but also attempt to explore the origins and 

the dynamics of their adoption”.  

In the effort to contribute to the need for a ‘finer taxonomy of organizational 

change” and building on Kotter’s (1995) claim that firms often fail to create a sense of 

urgency to change, we focus in the current research on the impact of industrial evolution 

on the strategic activity of firms. As discussed in chapter 4.2, the industry life cycle 
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model describes environmental sequential change in terms of resource availability, 

complexity, and dynamism and may shed light on the role of dynamic capabilities in firm 

survival and competitiveness.   

3.2 Drivers of Organizational Change 
 

Despite the strong environmental effect, firms are still able to exercise their 

strategic choices. Yet the specific characteristics of these choices (and actions) are shaped 

both by the organization and the environment (Miles and Snow, 1984). According to 

Miles and Snow (1984), “fit” is achieved through a process of dynamic search aimed at 

the internal arrangement of resources to align with the environment. Their framework 

includes four main states of fit: minimal, tight, early, and fragile. While minimal fit 

guarantees a sort of survival, tight fit stands at the heart of outstanding performance. 

Miles and Snow (1984) stress that firms must adjust their strategies and structures (being 

the internal foundations of fit) in response to environmental changes. While some firms 

adjust successfully, others are unable to adjust, which leads to a misfit. Elaborating on the 

notion of fit, Helfat, et al., (2007:7) suggest the term ‘evolutionary fitness’, which refers 

to “how well a dynamic capability enables an organization to make a living by creating, 

extending, or modifying its resource base… evolutionary fitness depends on the external 

‘selection’ environment: evolutionary fit dynamic capabilities enable a firm to survive 

and perhaps grow, and prosper in the marketplace”.   

However, economic change is not merely about a firm’s reaction to environmental 

change. It is also about anticipating this change and the development of an organizational 

base to translate it into value creation (Schumpeter, 1942; Teece, 2009). According to 
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such a perspective, dynamic capabilities carry two different, yet complementary, roles of 

value protection and value creation (Augier and Teece, 2006). The first is to protect (and 

develop) the value created by the firm by adapting to environmental changes. The second 

is to leverage future environmental changes in the effort to develop new ways of value 

creation. In their work, Tushman and Romanelli (1985) differentiate between 

“convergence” and “reorientations”. While convergence refers to a process of 

incremental change which is consistent with existing internal activities (and strategic 

orientation), reorientations refer to synchronized and alternating shifts in strategy, 

structures, and control systems. In the context of dynamic capabilities, when analyzing 

Tushman and Romanelli's (1985) evolutionary framework of organizational 

“convergence” and “reorientations” one should identify between two distinct processes of 

organizational change: problem solving and anticipatory action. While the former 

concept refers to organizational change initiated when the firm experiences an 

environmental change, the concept of anticipatory action refers to a process of predicting 

the future course of events and attempting to build an organizational base to exploit it 

maximally. Based on the above discussion, we develop our two first propositions:  

Proposition 1: Firm’s dynamic capabilities are comprised of two different, yet 

complementary, types of strategic actions: problem-solving actions and 

anticipatory actions. 

Proposition 2: Problem-solving actions and anticipatory actions require different 

organizational structures, decision making processes, motivations, and risk 

profiles, and have different levels of legitimacy. 

 

3.3 Problem Solving Type of Dynamic Capabilities 
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The notion of problem solving as a major driver of organizational development 

goes back to Simon and March‘s (1958) behavioral theory of the firm. Simon and 

March's main argument of bounded rationality emphasizes the conflict between 

environmental complexity and the cognitive limitations of the decision makers. As 

individuals are not able to analyze all possible actions and their results, they cannot select 

optimal actions. Furthermore, since managerial attention is limited (Cohen, et al., 1972; 

Ocasio, 1997), it is not subject to the 'rational agent principle'. In such a world 

"optimizing is replaced by satisficing" (March and Simon, 1958:169) and optional actions 

are exposed sequentially through search processes10.  

Such a search process is stimulated by a problem solving motivation and is guided 

by certain and usually predetermined behavioral rules. It refers to a quick solution 

allocation (Cyert and March, 1963), is motivated by aspirations and is based mostly on 

past performance (March, 1988). Highlighting the notion of problemistic search, the 

behavioral theory leaves little place for pre-failure anticipatory organizational activity. As 

suggested by Cohen, March and Olsen (1972) in their 'Garbage Can model', the 

organization is an anarchy of alternatives, problems, and solutions. The model describes 

the organization as a “collection of choices looking for problems, issues and feelings 

looking for decision situations in which they might be aired, solutions looking for issues 

to which they might be the answer, and decision-makers looking for work” (Cohen, et al., 

1972:2). Thus, organizational action is the outcome of more than a few relatively 

independent factors. Among these factors are: internal or external environmental 

conditions, changing organizational actors, sets of programs and solutions, and finally, 

                                                 
10

 The notion of satisficing choice contrasts with the view of optimization theory. As suggested by Simon 
(1987: 244), the contrast is between 'looking for the sharpest needle in the haystack' (optimizing) and 
'looking for a needle sharp enough to sew with' (satisficing).  
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organizational choice opportunities, which are the 'garbage can' into which varied 

problems and solutions are thrown.   

Referring to the extreme version of problem solving, Winter (2003:992-33) 

claims that “ad hoc problem solving is not routine; in particular, not highly patterned and 

not repetitious. As suggested above, it typically appears as a response to novel challenges 

from the environment or other relatively unpredictable events. Thus, ad hoc problem 

solving and the exercise of dynamic capabilities are two different ways to change—or 

two categories comprising numerous different ways to change… Ad hoc problem solving 

and the exercise of dynamic capabilities are two different ways to change".  Based on the 

above discussion, we develop our next propositions:  

Proposition 3: The role of dynamic capabilities of the problem-solving type is to 

protect and develop current value creation by adapting to changes in the firm's 

competitive environment.  

3.4 Anticipatory Type of Dynamic Capabilities 
 

Organizational capabilities represent a large number of activities that produce 

outputs that increase the likelihood of the firm’s survival and prosperity (Winter, 2003). 

They represent a repository of historical experiences and organizational learning and 

routines (Winter, 2000), which are developed through time and change incrementally to 

adapt to changing conditions (Nelson and Winter, 1982). Such a process highlights the 

slow pace of the adaptation and the high cost of new capabilities development (Argyris 

and Shön, 1978; Teece, et al., 1997). This slow and costly process of change stresses the 

imperative of strategic flexibility and the development of capabilities on an ex-ante basis.  
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In shifting environments, where the structural changes are frequent, post-failure 

strategic activity may be found insufficient. Such dynamic settings demand an initiated, 

pre-failure mechanism that may generate organizational development processes that are 

targeted not solely at problem solving, but also at exploration of new knowledge sources 

or ways of actions (Simon, 1993). Following this line, anticipatory action is widely 

associated with dynamic capabilities.  

The narrower the scope of a firm’s strategic variation is, the bigger the tendency 

to be led into isolation. Therefore, the development of new organizational variation is 

vital for economic survival and successful evolution (Campbell, 1960; Nelson and 

Winter, 1982). Aldrich (1999:194), for example suggested that ‘transformation in goals, 

boundaries and activities takes place against a background of the daily reproduction of 

routines and competencies that perpetuates organizational forms more or less untouched’. 

Suggesting an explanatory framework for organizational adaptation, Burgelman (1991) 

claimed that firm's strategy-making procedures are based on a balance between variation-

reduction and variation-increasing mechanisms.  

Thus, concentrating on incremental development can lead the organization to step 

into competence traps (Levitt and March, 1988; Audia, et al., 2000). Existing static 

structures might restrict effective organizational response (Henderson and Clark, 1990). 

To avoid these restrictions, firms should develop their competence while anticipating 

future environmental shifts. Following Penrose’s (1959) notion of the learning firm, these 

search routines are shaped by the firm’s heterogeneous collection of resources and, as 

such, characterize the firm’s road to the market by its idiosyncratic outcome (see also 

Dosi and Nelson's, 1994 notion of 'differential fitness’).  
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In its extreme, this anticipatory action echoes the notion of hypercompetition, 

which is “characterized by intense and rapid competitive moves, in which competitors 

must move quickly to build [new] advantages and erode the advantages of their rivals” 

(D’Aveni, 1994:217-218). Successful resource-based structures or industry positions do 

not simply arise, but are shaped to correlate with changes in the external environment. In 

hypercompetitive dynamic environments, firms experience the continuous erosion of 

existing advantages and the need for continuous creation of new advantages. Competitive 

advantage is fleeting, and successful firms are those that are able to change with speed 

and efficiency, and focus on the development of future sources of competitive advantage 

(D'Aveni, 1994; Wiggins and Ruefli, 2004).  

From a less polar perspective of environmental dynamism, the notion of 

anticipatory action refers to proactive organizational search. Nelson and Winter describe 

a state of routinized behavior that, together with the external environment, shapes 

organizational evolution. Their notion of search is partly routinized, predictable and even 

controllable, and partly stochastic and permits both ad-hoc problem solving (Cyert and 

March, 1963) and planned pre-failure search initiatives (Aguilar, 1967; Daft and Weick, 

1984). As such, Nelson and Winter's dynamic view of organizational evolution is defined 

by the firm’s ability to undertake pre-failure modifications to its structure, capabilities, 

and performance over time. 

From another perspective, anticipatory action may find expression in the 

implementation of new business models. Analyzing the function of a business model 

within an organization, Chesbrough and Rosenbloom (2002) suggest that its main role is 

to define the way to capture the value created by the firm. Namely, business model 
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design is about articulating the value proposition, choosing the right technologies, 

identifying market segments, characterizing the structure of the value chain, and 

assessing the cost and profit potential. As such, a business model, once adopted, defines 

the way the firm ‘goes to market’ (Tripsas and Gavetti, 2000; Chesbrough and 

Rosenbloom, 2002; Teece, 2007).   

As expressed by Prahalad and Hamel (1990:80), “the critical task for management 

is… creating products that customers need but have not yet even imagined”. Prahalad and 

Hamel suggest that managerial objectives should mirror the firm's obligation to 

competency building11. "A strategic architecture is a road map of the future that identifies 

which core competencies to build" (Prahalad and Hamel, 1990:89). The strategic 

architecture provides logic for product and market diversification and makes resource 

allocation priorities transparent to the entire organization. It provides a template for 

allocation decisions by top management, disciplines senior management to maintain 

consistency, and helps lower-level managers understand the logic of allocation priorities. 

It yields a definition of the company and the markets it serves, and facilitates the 

communication with customers and other external constituents.   

As has been suggested previously, both the tendency to sense environmental 

change (Gilbert, 2006; Teece, 2007; 2009; Schreyogg and Kliesch-Eberl, 2007) and 

decision making (Rosenbloom, 2000; Salvato, 2003; Moliterno and Wiersema, 2007) are 

major elements of dynamic capabilities. Thus, strategic development in a changing 

environment requires that firms not only efficiently manage their existing resource bases, 

                                                 
11

 Suarez and Oliva (2005) stress that extreme organizational change demands top management 
participation (see also Adner and Helfat, 2003; Teece, 2007; Helfat, et al., 2007). “Only executive 
leadership can initiate and implement the set of discontinuous changes required to effect a strategic 
reorientation” (Tushman and Romanelli, 1985:180).  
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but also develop flexibility to change their resource positions by the means of their 

dynamic capabilities (Itami and Roehl 1987; Grant 1996, Sanchez 1995). Several 

empirical papers draw attention to the role of managerial experience and beliefs as a 

factor constraining organizational evolution (e.g. Rosenbloom, 2000; Tripsas and Gavetti, 

2000). Yet, others have suggested these aspects as enabling factors in the evolution of 

dynamic capabilities and in adaptation to environmental changes in the disk drive (King 

and Tucci, 2002), internet services (Rindova and Kotha, 2001), and semiconductor 

(Holbrook, et al., 2000) industries. While Tripsas and Gavetti (2000), in their exploration 

of Polaroid, associate its slow repose to the shift from analog to digital imaging with 

managerial beliefs and values, Rosenbloom (2000), exploring NCR's history, suggest that 

top managers played a major role in the recognition of environmental changes that 

demanded modifications in managerial and organizational processes. In their work on the 

disk-drive industry, King and Tucci (2002) use panel data to identify the effect of 

managerial experience in niche entry into existing and new markets on new entry and 

performance. They conclude that dynamic capabilities may stream from multiple types of 

experience. Yet, while experience in existing markets may yield achievement in new 

activities, it also may yield harmful inertia. Rindova and Kotha (2001), in their 

exploration of Yahoo and Excite, find that the beliefs of management about 

organizational evolution play an important role in developing dynamic capabilities. They 

concluded that Yahoo’s success can be largely attributed to continuous morphing, which 

"can be seen as one of the antecedents to developing dynamic capabilities."(Rindova and 

Kotha, 2001:1274). Based on the above discussion, we develop our final proposition:  
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Proposition 4: Dynamic capabilities of the anticipatory type aim at developing an 

organizational base that can enable the firm to translate expected changes into 

value creation. 
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4 The Meso and the Micro Mechanisms of Dynamic 
Capabilities 

4.1 Competitive Advantage and Dynamic Capabilities  
 

Explaining variance in firms' performance has been one of the main quests of 

theoretical and the empirical strategic management research. While the industrial 

organization view highlights the industry effect as a major determinant of firm 

performance, the resource based view highlights the internal characteristics of the firm as 

a major determinate of its performance. Classic industrial organization models emphasize 

the role of structural stability and the existence of entry barriers to an industry as the 

sources of performance variance (Bain, 1956; Porter, 1979). By contrast, the resource 

based view of the firm (Wernerfelt, 1984; Barney, 1991; Peteraf, 1993; Prahalad and 

Hamel, 1990) highlights the role of idiosyncratic resource configurations as the source of 

such variance (Schmalensee, 1985; Rumelt, 1991). While the two schools of thought are, 

by and large, at odds with each other, they both share the point of view of a “stable” or 

"sustainable" competitive advantage (Rumelt, 1991).  

Nevertheless, the basic assumption of "stability" in firms' competitive 

environments and in their resource configuration has been challenged by notions of 

inherent instability and change (D’Aveni, 1994) that create continually shifting 

environments and require organizational and strategic flexibility (Quinn, 1980, 1985; 

Teece, et al., 1997). As set out by Teece (2007), “the key to sustained profitable growth is 

the ability to recombine and reconfigure assets and organizational structures as markets 

and technologies change". Following this line, dynamic capabilities are not engaged in 

the creation of a product or a service. As such they are not directly influenced by the 
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firm's output, but indirectly affect the output of the firm by impacting on operational 

capabilities (Winter, 2003)12. In that sense, while creating and shaping a firm’s resource 

positions (Eisenhardt and Martin, 2000) and capabilities (Kogut and Zander, 1992; 

Nelson and Winter, 1982), dynamic capabilities define the firm’s market position and 

thus its performance13. 

The emergence of dynamic capabilities has extended the resource-based view by 

addressing the evolutionary nature of firm capabilities and resources in relation to 

environmental changes and by offering an explanation for organizational adaptation and 

long-term competitive advantage. The dynamic capabilities approach claims that, in 

terms of a firm's long run sustainability and competitiveness, it is insufficient to have 

strong resources and organizational capabilities. The firm must also obtain strong 

organizational routines for developing and renewing resources and organizational 

capabilities. 

The major implication of this framework is that firms not only compete on 

exploitation of their existing resources and organizational capabilities, but also on their 

ability to rebuild and develop these resources and capabilities. Moreover, as shown by 

Zahra et al., (2006), volatile environments demand repetitive reconfiguration of firms' 

valuable resources and, consequently, they need to have the capacity to change their 

existing dynamic capabilities. Such a need to be able to transform dynamic capabilities 

                                                 
12

 Operational capability, defined as a high-level routine "together with its implementing input flows, 
confers upon an organization’s management a set of decision options for producing significant outputs of a 
particular type." Winter (2000: 983).  
 
13

 Yet the construct of dynamic capabilities has been criticized for being tautological (Williamson, 1999), 
vague (Kraatz and Zajac, 2001), and abstract (Danneels, 2008). 
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may also help to explain variance in firm performance over time (Danneels, 2002; 

Gilbert, 2005).  

Yet, the strategic management literature expresses contradictory views regarding 

the role of dynamic capabilities in firm performance. Eisenhardt and Martin (2000), for 

example, suggest that dynamic capabilities are equifinal, which means they lead to no 

performance variance among firms. Zott (2003), contradicting this view, suggests that 

such a chain of causality implies an indirect link between dynamic capability and firm 

performance in which the processes by which firms accumulate their strengths and 

capabilities logically precede firms’ development of resources and capabilities. 

Consequently, even small inter-firm variation in dynamic capabilities, such as 

timing (Eisenhardt and Martin, 2000) or differences in the cost of resource/capability 

development (Burgelman and Doz, 2001), could lead to differences in firm performance 

(Zott, 2003; Adner and Helfat, 2003). In other words, while operational capabilities are 

central to a firm's capacity to “earn a living” in the present (Winter, 2003), dynamic 

capabilities concern change (Helfat, et al., 2007). Dynamic capabilities can thus be 

perceived as organizational processes that facilitate the development of the firm’s 

sustainability and competitive advantage.  

Summing up a long tradition of research into dynamic capabilities, Helfat, et al., 

(2007:4) define dynamic capabilities as "the capacity of an organization to purposefully 

create, extend, or modify its resource base" to meet environmental changes. Following 

this line of exploration, the vast majority of extant dynamic capabilities literature takes an 

inward looking approach that focuses on change routines such as the ways firms 

“integrate, build, and reconfigure internal and external competences” (Teece, et al., 
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1997). As a result, there are other important facets of dynamic capabilities, such as the 

ability to anticipate environmental changes and their associated potential (Teece, et al., 

2002; Denrell, et al., 2003), that remain vastly under-explored.  

The main thrust of the current study is that, in specific competitive environments, 

the ability of firms to commonly change strategies congruently with changes in the set of 

strategic objectives detected by their competitive environment may be another important 

determinant of competitive advantage. While Eisenhardt and Martin (2000) have also 

suggested that there are dynamic commonalities in capabilities across firms, they suggest 

that such commonality implies that dynamic capabilities are equifinal, i.e. they lead to no 

performance variance across firms. In contrast, we argue that by pursuing a common (or 

partly common) set of particular strategic actions and organizational processes that may 

lead to value creation through the attainment of a better fit to their competitive 

environment, firms may outperform their rivals.  

In the current chapter we distinguish between two levels of dynamic capabilities: 

Micro and Meso. The micro-level refers to firm’s idiosyncratic actions and resource 

structures (Barney, 1991; Zollo and Winter, 2002), while the meso-level refers to 

common actions that are imposed on the firms by the same competitive landscape14.  

4.2 The Micro Mechanisms of Dynamic Capabilities 
 

The fact that the direction of growth is not fully known ex ante requires firms to 

develop strategic variation (Sanchez, 1995). Organizational routines that facilitate 

strategic variation are firm specific, and are thus difficult to imitate sources of 

                                                 
14

 Here we should note that the Micro and Meso do not refer to the conventional level of analysis but to the 
range of the forces that shape firm evolution.  
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competitive advantage (Itami and Roehl, 1987; Teece and Pisano, 1994; Helfat, et al., 

2007). This line of reasoning stands at the heart of the resource-based view, which 

suggests that to identify the factors that lead to outstanding rents for long periods of time, 

one must consider the distribution of resources in competing firms. Even if a certain firm 

exerts control over a particular resource, only those resources that are rare, valuable, and 

difficult to imitate afford a sustainable competitive advantage (Wernerfelt, 1984; Barney, 

1991; Amit and Schoemaker, 1993;). In that line, Prahalad and Hamel (1990) argue that 

firms combine their resources and skills into core competencies. By doing so in a unique 

and continuing manner, the firms may achieve a sustainable competitive advantage. 

Emphasizing the idiosyncrasy of this process, the works of Cool and Schendel (1988) and 

Rumelt (1991) demonstrate the role of a specific firm's competencies and actions in its 

success. Sustainable competitive advantage is founded on the firm’s idiosyncratic and 

difficult-to-imitate resources. According to the resource based view, firms are 

heterogeneous with respect to their resources and capabilities. Where governing a rare 

and inimitable resource is the key to economic rent, it could be claimed that acquiring 

competencies, organizational learning processes, and knowledge management becomes 

an essential factor in the strategic process.  

Dynamic capabilities result from complex organizational and strategic routines 

(Zollo and Winter, 2002) through which managers rebuild a firm’s resource base to 

produce value creating strategies (Foss, 1996; Pisano, 1994). Collis (1994: 149) claims 

that "higher-order organizational capabilities allow firms to overcome the path 

dependency that led to the inimitability of the lower-order capabilities." While a firm’s 

evolutionary path is limited by its history and position, the capacity to address 
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environmental changes is an entrepreneurial function rather than an administrative one. 

Extending Nelson and Winter's (1982) perspective, which recognized the role of 

organizational change mechanisms, Teece (2007) describes the "micro foundations" of 

dynamic capabilities, suggesting several firm specific factors that lead to organizational 

transformation. These factors are: (1) selection of business models, (2) investment 

decision criteria and choices, (3) the development and acquisition of complementary and 

co-specialized assets and, (4) the asset orchestration activities of management.  
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4.3 The Meso Mechanisms of Dynamic Capabilities 
 

In addition to firm specific actions and resource configurations (Barney, 1991; 

Zollo and Winter, 2002), there is also a common strategic action dimension that is shared 

by firms operating in the same competitive landscape. Such commonality is the outcome 

of firms identifying (and, in many cases, anticipating) the competitive course of 

development.  

The process of firm strategic assets creation is, to some extent, subject to certain 

environmental conditions. Hannan and Freeman (1989) suggest that long-term change in 

the diversity of organizational forms within a population occurs through a Darwinian-like 

selection process dictated by the constraints of the firm's environment, rather than 

through adaptation, which is hindered by structural inertia. The main theoretical 

reasoning here is that firms are coerced into specific forms of strategic actions by 

pressures from within their competitive environment (Aldrich, 1979). According to this 

view, in a given competitive setting the major role of managers is to reach ecological 

fitness by reconfiguring existing assets and developing new ones to address new 

environmental conditions (Astley and Van de Ven, 1983; Hrebiniak and Joyce, 1985; 

Miles and Snow, 1984; Teece, et al., 1997; Eisenhardt and Martin, 2000; Pisano, 2000; 

Zollo and Winter, 2002; Winter, 2003; Blyler and Coff, 2003; Teece, 2007; Helfat, et al., 

2007). Such a fit often requires major strategic and organizational changes, which are 

likely to take time (Aldrich, 1979; Nelson and Winter, 1982).  

From another perspective, the classical viewpoint of industrial economics is that 

firm's sustainability and performance is basically a function of the structural factors of the 
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industry (Porter, 1980, 1991; Oster, 1990; Henderson and Mitchell, 1997). These factors 

constrain firms' strategic behavior, which leads to industry-specific performance. 

Specifically, this would imply that the exogenous economic characteristics of industries 

“can force industry members to accept a reality that they might not have enacted on their 

own” (Johnson and Hoopes, 2003: 1,057).  

Porter (1985) discusses low-cost or differentiation as strategies firms can possess 

to achieve successful positioning. To determine the profit potential of an industry and the 

parameters that sustain competitive advantage, Porter (1980) suggests five industrial 

forces (entry barriers; threat of substitution; the bargaining power of suppliers and 

buyers; and industry rivalry) that shape the sustainable competitive advantage of the firm 

and determine its profitability. In other words, Porter suggests firm competitiveness is 

derived from a sequence of industrial barriers that serve as the factors generating the 

firm's competitive advantage (Porter, 1991).  

This model has been commented on by a wide range of scholars, with criticism 

usually focused on the simplifying assumptions Porter makes regarding the similarity of 

strategic resources and the static nature of the competition (Grant, 1991, Teece, et al., 

1997). More generally, the main drawback of the Industrial Organization view lies in its 

failure to rigorously explain intra-industry heterogeneity in performance, meaning, if 

firms in the same industry operate under the same market structure, then why do some of 

these firms outperform others?   

One attempt to explain intra-industry performance differences comes from 

scholars who sort firms based on competitiveness dimensions (see McGee and Thomas, 

1986 for a review). According to this logic, the industry effect defines shared competitive 
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settings and analogous strategies and, to some extent, it leads the competing firms to 

exhibit symmetrical characteristics, such as with respect to cost structure and resource 

commitments (McGee and Thomas, 1986, 1992; McGee, et al., 1995). Mobility barriers 

or isolation mechanisms (McGee and Thomas, 1986) lead firms within a strategic group 

to take similar actions (in terms of type and dispersion of customers, pricing, customer 

support, etc.) which can not be replicated without incurring a substantial cost by firms 

outside the strategic group. This approach has been criticized mainly because it has relied 

on measurements of performance differences (made at the group level) as confirmation 

for the importance of strategic groups (Hoskisson, et al., 1999). 

Among the first to explain intra-industry performance differences empirically was 

Schmalensee (1985). Schmalensee finds that industry effects play a central role in 

defining profitability, while firm factors are insignificant. Extending Schmalensee's 

(1985) work in terms of data (4 years vs. 1 year) and elaborating on his descriptive 

statistical model, Rumelt (1991) makes the reverse finding, namely that the effect of the 

business unit is responsible for 44 percent of profit variance, while the industry effect is 

responsible only for 9 percent of profit variance. A wide range of empirical studies (e.g. 

Powell, 1996; McGahan and Porter, 1997) have since confirmed the dominance of firm-

specific effects over the industry effect.  

By contrast, Hawawini, et al., (2003) explore whether firms’ performance is 

driven primarily by industry or firm factors and find that firm specific assets are 

significantly more influential than industry factors for only a few firms (either 

exceptional value creators or value destroyers). For the majority of firms, the industry 

effect seems to be more important for performance than firm-specific factors. In the same 
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line, McNamara, et al., (2005) find that even with control for outliers, about 10% of the 

variance in firm performance can be assigned to industry effects (see also Short et al., 

2007). 

 

4.4 The Meso and Micro Mechanisms of Dynamic Capabi lities 
 

As previously mentioned, while firms' idiosyncratic behaviors drive their ability 

to achieve sustainable competitive advantage (Barney, 1991; Teece, et al., 1997), many 

of the strategic actions taken by firms are common to those taken by other firms 

operating in the same competitive landscape. As noted by Goshal, et al., (2002:291) 

“while Penrosian growth is driven by what the firm can do - given its current institutional 

context - Schumpeterian integration is driven more by what might be possible in a 

different context”. The homogeneity in firms' strategic behaviors can be associated with a 

(Schumpeterian) meso-level analysis that emphasizes commonalities in firm behavior, 

while the heterogeneity in firms' strategic behavior can be associated with a (Penrosian) 

micro-level analysis of firm strategic behavior in terms of routines (Nelson and Winter, 

1982) and specific resource structures (Wernerfelt, 1984; Barney, 1991).  

While the extant strategic management literature has mainly emphasized the 

importance of idiosyncraticity in creating and sustaining competitive advantage, the main 

thrust of the current research is that, in specific competitive environments, the ability of 

firms to change strategies congruently with changes in the set of strategic objectives in 

their competitive environment may be another important determinant of competitive 

advantage. By pursuing a collection of particular strategic and organizational processes 
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that may lead to value creation through the attainment of a better fit to the "requirements" 

of their competitive environment, firms are able to outperform their rivals.  

In dynamic environments, competitive advantage is likely to arise from the ability 

to correctly identify and achieve successive equilibria of fit between a given firm's 

strategic actions and its competitive advantage rather than by sustaining a superior static 

equilibrium position. Thus, looking at the nature of the dynamic capabilities, we can 

identify two main approaches. The first approach focuses on the micro level of dynamic 

capabilities. This view focuses on the idiosyncratic nature of the capability, arguing that 

the structure of the capability might differ between firms based on path dependency and 

the evolution of its routines (Teece, et al., 1997, Zollo and Winter, 2002; Verona and 

Ravasi, 2004) and answers the question "How do firms actually execute changes in their 

strategic actions?" The second approach focuses on the meso-level nature of the 

capabilities across organizations, emphasizing the processes that are similar between 

firms, and answers the question "What do firms do in light of a change in their 

competitive environment?" While the "how" dimension refers to strategies, actions and 

resource configurations that are expected to be idiosyncratic (Barney, 1991; Zollo and 

Winter, 2002), the "what" dimension refers to strategic actions that are common, to some 

extent, to those taken by other firms operating in the same competitive landscape. Such 

commonality is the outcome of firms' identifying (and, in many cases, anticipating) the 

major subject of competition (or set of strategic objectives) in their dynamic competitive 

environment and altering their strategies and actions accordingly, while overcoming path 

dependency dynamics.  
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The difference between research that focuses on the meso and micro levels lies in 

the nature of the research question. While the meso approach focuses on similarities 

across firms, asking what are the dimensions of a phenomenon while assuming that it 

exerts the same influence across a sample of firms (e.g. the successful ones), the micro 

approach asks why firms differ in terms of their development. Translating this across into 

our research, the meso approach aims at highlighting the conditions that govern the 

existence of dynamic capabilities across firms and, from these conditions, researchers 

extract the dimensions of the dynamic capabilities. In the micro approach, researchers 

focus on analyzing each organization and then, by looking at the deep structure of the 

phenomenon, they seek to understand the dimensions of the dynamic capabilities. In 

other words, the homogeneity in firms' strategic actions can be associated with a meso-

level analysis that emphasizes commonalities or "shared" aspects of firm behavior, while 

the heterogeneity in firms' strategic actions can be associated with a micro-level analysis 

of firm behavior in terms of routines (Nelson and Winter, 1982) and specific resource 

structures (Wernerfelt, 1984; Barney, 1991; Zott, 2003). Based on the above discussion, 

we develop our propositions:  

Proposition 6: Dynamic capabilities consist of both Micro and Meso mechanisms   

Proposition 7: Meso-level dynamic capabilities are associated with 

commonalities among firms and micro-level dynamic capabilities are associated 

with firm specific resource structures and routines  

Proposition 8: The micro mechanism of dynamic capabilities reflects the way 

firms actually execute changes  
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Proposition 9: The meso mechanism of dynamic capabilities reflects what firms 

do in light of a change in their competitive environment 

5 The Impact of Competitive Settings on the Type of 
Innovation Pursued by Firms 

  
While offering a potential for organizational breakthrough and exponential 

growth, environmental changes may also render firm sustainability and competitive 

advantage obsolete (Klepper and Graddy, 1990; Christensen and Bower; 1996). In 

competitive environments, firms must make purposeful modifications to their resource 

base (Helfat, et al., 2007; Teece, 2007) and create new competitive positions given path 

dependencies and market positions (Teece, et al., 1997). While the literature contains a 

wide discussion about the role of dynamic capabilities in the environmental adaptation of 

firms (Teece, et al., 1997; Zollo and Winter, 2003), the organizational sources of these 

capabilities (Teece, 2007) and their characteristics (Eisenhardt and Martin, 2000; Winter, 

2003), little attention has been paid toward the link between specific environmental 

changes and particular organizational actions.  

In the effort to make a contribution to this gap, follow Nelson and Winter (1982), 

how suggested that theoretical progress should be understood as interaction between two 

different levels of theorizing: formal theory and appreciative theory. While formal theory 

is logical and mathematical, appreciative theory is closer to empirical inspection. “In a 

well-working scientific discipline… the flow of influence is not only from formal to 

appreciative theorizing, but in the reverse direction as well. Phenomena identified in 

applied work that resist analysis with familiar models, and rather causal if perceptive 

explanations for these, become the grist for the formal theoretical mill. Somewhat 
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informal explanations in the style of appreciative theory are abstracted, sharpened, and 

made more rigourous.” (Nelson and Winter 1982:47). As suggested by Nelson (1994) 

“appreciative theory is very much an abstract body of reasoning. Certain variables and 

relationships are treated as important, and others are ignored. There generally is explicit 

causal argument. On the other hand, appreciative theorizing tends to stay quite close to 

the empirical substance.” 

In that line, aiming to model the impact of environmental changes on firms’ 

strategic practice, we follow Schumpeter (1939, 1942), who suggest that any industry has 

a finite life span. We build our environmental modeling on the concept of industry life 

cycle (Utterback and Abernathy 1975). In the effort to model firms strategic practice, we 

focus our empirical research on the concepts of exploration and exploitation (March, 

1991). As these two operational modes demand considerably different organizational 

structures, capabilities and strategies, we farther suggest that switching from one mode to 

another is an important expression of dynamic capabilities in itself.  

5.1 Exploration and Exploitation: Conceptual Framew ork 

The concepts of “exploration” and “exploitation” have gradually come to 

dominate firm strategic literature (e.g., Katila and Ahuja, 2002; Danneels; 2002; He and 

Wong, 2004; Benner and Tushman, 2003; Holmqvist, 2004; Lee, et al., 2003; Rivkin and 

Siggelkow 2003; Lavie and Rosenkopf, 2006; Westerman, et al., 2006; Gilsing and 

Nooteboom 2006; O’Reilly and Tushman, 2008). Following March's (1991) definition, 

exploration is associated with "things captured by terms such as search, variation, risk 

taking, experimentation, play, flexibility, discovery, innovation" (March, 1991:71). It 

leads to the development of new capabilities and is associated with divergent thinking, 
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shifts to different technological trajectories (Christensen, 1997; Rosenkopf and Nerkar, 

2001), and increasing variance (Smith and Tushman, 2005). Exploitation "includes such 

things as refinement, choice, production, efficiency, selection, implementation, 

execution" (March, 1991:71). It is associated with the “use and development of things 

already known” (Levinthal and March, 1993:105), leads to a refinement of existing 

capabilities, incremental development of the existing technological trajectory 

(Christensen, 1997; Rosenkopf and Nerkar, 2001), and reduced variance (Smith and 

Tushman, 2005).  

While the need for both exploration and exploitation is well accepted for adaptive 

systems, exploration and exploitation require considerably different organizational 

structures, capabilities and strategies (Argyris and Schon, 1978; March, 1991; Brown and 

Eisenhardt, 1998; Lewin, et al., 1999; Holmqvist, 2004). March (1991) demonstrated the 

tradeoffs between exploration and exploitation in the context of organizational learning. 

While exploration leads to the search for new knowledge and capabilities, exploitation 

refers to the use and propagation of existing knowledge and capabilities. Targeting the 

organizational context, March’s model suggests that, although exploitation yields more 

certain and immediate returns, exploration creates and preserves the necessary variety of 

knowledge required for the firm to maintain its learning in the long term (Levitt and 

March 1988; Levinthal and March,  1993).  

Following this line, Baum, et al., (2000: 768) claim that “exploitation refers to 

learning gained via local search, experiential refinement, and selection and reuse of 

existing routines. Exploration refers to learning gained through processes of concerted 

variation, planned experimentation, and play”. Rothaermel (2001: 690) suggests that 
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exploration is associated with "learn[ing] the new technology... allowing it to build new 

upstream value chain activities". Exploitation, on the other hand, represents the "leverage 

[of] existing complementary assets... that allows the incumbent firm to benefit directly 

from the technological expertise of the new entrant". According to Koza and Lewin 

(1999), the strategic intent of exploration is the discovery of new opportunities, while 

exploitation refers to the elaboration and deepening of existing capabilities and to 

incremental improvements in efficiencies. Finally, He and Wong (2004: 483) defined 

exploratory innovation as “technological innovation aimed at entering new product-

market domains” and exploitative innovation as “technological innovation activities 

aimed at improving existing product-market domains”. As such, all these scholars 

associate both exploration and exploitation with learning and acquisition of new 

knowledge. At the same time, the differentiation between the two concepts pertains to 

whether the new learning occurs along the old trajectory or along an entirely new 

trajectory.  

Other scholars seem to consider all activities associated with learning as 

illustrations of exploration, while referring to exploitation as activities in which the main 

goal is using past knowledge (Rothaermel and Deeds, 2004; Rosenkopf and Nerkar, 

2001; Vermeulen and Barkema, 2001). For example, Rothaermel and Deeds (2004:203) 

suggest that, while exploration "is simply the desire, the wish to discover something 

new", exploitation "is the existence of an exploitable set of resources, assets, or 

capabilities under the control of the firm". Rosenkopf and Nerkar (2001), examining 

patents that were informed mainly by local knowledge, suggest that such an activity may 

be considered the most localized form of exploration rather than exploitation. Park, et al., 
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(2002: 534) define exploration alliances "as those with a joint research and development 

component" and exploratory alliances as "alliances oriented toward exploiting existing 

resources".  

Thus, given the basic and somewhat broad definitions of exploration and 

exploitation, extending the exploration-exploitation framework is characterized by 

ambiguity with regard to its precise conceptual meaning (see Appendix 1) and empirical 

operationalization (see Appendix 2). For example, while Leventhal and March 

(1993:689) define exploration as the "pursuit of new knowledge, of things that might 

come to be known", Koza and Lewin (1998:256) define it as concerning "innovation, 

basic research, invention, risk taking, building new capabilities, entering new lines of 

business, and investments in the firm's absorptive capacity". While Volberda (1998) 

suggests flexibility to be a precursor to exploration, McGrath (2001) and Smith and 

Tushman (2005) consider innovation as a product of exploration due to exploration's 

variety-enhancing consequences. Overall, while the main insights of the terms have 

penetrated and infused strategic thinking, their conceptual specification is not precise and 

their measurements are pretty loose.  
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5.2 Balancing Exploration and Exploitation  
 

The sustainability and performance of firms, particularly those operating in 

volatile environments, is highly dependent on their capacity to balance between 

exploration and exploitation (March, 1991; Levinthal and March, 1993; Tushman and 

O'Reilly, 1996; Gavetti and Levinthal, 2000; Nooteboom and Gilsing, 2004; He and 

Wong, 2004; Lavie and Rosenkopf, 2006). In his seminal work, March (1991) suggests 

that these activities are incompatible within a given firm. In a more recent article, March 

(2006) reiterates this point and sets out several arguments to support it. First, he claims 

exploration and exploitation compete for scarce resources, which means that more 

resources devoted to one mean less to the other. Second, he emphasizes the different 

mindsets and organizational structures needed for exploration and exploitation, which 

make it unfeasible to simultaneously execute both. Finally, both exploration and 

exploitation are self-reinforcing. "Adaptive processes are biased against alternatives that 

require practice or coordination with other alternatives before realizing their full 

potential, a bias that leads to the well-known competency trap… The myopia of 

adaptation also results in a bias against risky alternatives" (March, 2006:206).  

Nevertheless, other recent research argues in favor of a simultaneous balance 

between exploration and exploitation. Katila and Ahuja (2002) in their research of the 

robotic industry find that exploration and exploitation do not necessarily compete for 

scarce resources as not all resources are scarce. Holmqvist (2004) claims that exploration 

or exploitation does not inevitably lead to a competency trap. He and Wong (2004) find 

that firms that simultaneously explore and exploit attain higher sales. Deepening this 

ambiguity, the literature suggests three main routes for balancing exploratory and 
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exploitative organizational efforts. Such a balance may be achieved through: (1) 

Organizational Ambidexterity (Christensen, 1997; Tushman and O’Reilly 1996; Benner 

and Tushman, 2003; He and Wong, 2004; O’Reilly and Tushman, 2008), (2) External 

Collaborations (Rothaermel and Deeds, 2004; Siggelkow and Rivkin 2006) or by the 

mean of (3) Punctuated Equilibrium15 (Levinthal and March, 1993; Burgelman, 2002; 

Siggelkow and Levinthal, 2003).  

Ambidexterity  involves several sub-units of the same organization engaging in 

exploration while other sub-units engage in exploitation (Tushman and O’Reilly 1996). 

Such an approach refers mainly to corporations with diversified fields of activity and 

multiple business units that differ in their levels of technological exploration and 

exploitation. As suggested by Gupta, et al., (2006), for firms operating within multiple 

and loosely connected domains, exploration and exploitation may be orthogonal, and 

ambidexterity is the means that will most likely be used to balance between them. 

However, the ambidexterity model's separation between exploratory and exploitative 

activities highlights its limitation, because the strategic development of the firm demands 

integration of new and existing knowledge, which may be hard to achieve in the face of 

such organizational separation (March, 1991; Gupta, et al., 2006).  

External Collaborations is an extension of the logic of ambidexterity and may 

be found in the context of inter-organizational collaborations in which the balance 

between exploration and exploitation could be attained at the level of the organizational 

social system. The main argument behind this option is that, since organizations operate 

                                                 
15 Punctuated equilibrium (Eldredge and Gould 1972) refers to an evolutionary pattern characterized by 
long periods of stasis disrupted by the eruption of swift change. In economics, the closest notion to the 
punctuated equilibrium is Schumpeter’s (1934) notion of “creative destruction”.   
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under a broader social system, they could specialize in one activity or the other, and 

attain a balance between them by means of alliances and collaborations (Rothaermel and 

Deeds, 2004; Siggelkow and Rivkin 2006). For instance, Rothaermel (2001) finds that 

incumbents in the pharmaceutical industry attain an advantage by exploiting 

complementary assets rather than by exploring new technologies with biotechnology 

partners. Along the same lines, Rothaermel and Deeds (2004) describe how biotech 

firms, while focusing internally on basic research, drug discovery and development, 

collaborate in more exploitative activities associated with drug commercialization 

(clinical trials, the FDA regulatory process, marketing and sales). Thus, firms may tend to 

utilize their existing knowledge rather than pay the huge learning costs of R&D alliances 

(Lavie and Rosenkopf, 2006).  

Alliance research indicates that firms tend to focus either on exploration on 

exploitation and achieve balance by means of collaboration. Moreover, a few studies 

have explored a range of exogenous external-to-the-firm forces such as uncertainty and 

turbulence that tend to intensify firms’ propensity to explore or exploit in their alliances 

(Rothaermel and Deeds, 2004; Beckman, Haunschild and Phillips, 2004; Park, et al., 

2002; Rothaermel, 2001). However, such an exploration-exploitation balancing 

mechanism is usually restricted to knowledge intensive industries characterized by 

developed markets for knowledge (Davenport and Prusak, 1998; Teece, 2000) and strong 

intellectual property regimes (Pisano, 2006). Moreover, a number of studies have 

assumed that firms operate in multiple domains. These studies have usually treated 

exploration and exploitation as simultaneously-occurring activities. For example, Koza 

and Lewin (1998), Rothaermel (2001), Beckman, et al., (2004), and Lavie and Rosenkopf 
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(2006) explored inter-organizational collaboration while treating exploration as 

relationships with new partners and exploitation as recurrent relationships with existing 

partners. In that context, all the authors treated collaboration as an unlimited resource, 

which leads to the fact that any firm can engage in a multiplicity of exploratory or 

exploitative collaborations.  

Punctuated Equilibrium  involves changes in the organizational focus from 

exploration to exploitation and vice versa over time (Tushman and Anderson, 1986; 

Levinthal and March, 1993; Romanelli and Tushman, 1994; Burgleman, 2002). 

Burgelman (1991, 2002) suggests that successful firms are characterized by a top 

management that utilizes two mechanisms to underpin the firms' actions: the ‘variation-

increasing’ mechanism and the ‘variation-reducing’ mechanism. By a ‘variation-

increasing mechanism’, Burgelman refers to initiatives that “expand the firm’s domain 

and renew the organization’s distinctive competence base” (Burgelman, 1991:257). This 

is consistent with March's (1991) notion of "exploration". By contrast, Burgelman’s 

notion of a ‘variation-reducing mechanism’ “is concerned primarily with exploiting 

existing business opportunities” (Burgelman, 2002:21). This is consistent with March's 

(1991) notion of "exploitation". In his research of Intel Corp., Burgelman (1991) finds 

that the organization was successful in exploration at a certain point in time, and 

experienced success in exploitation at other points in time (see also McNamara and 

Baden-Fuller, 1999; Burgelman, 2002). For firms operating within a single domain 

(business area), exploration and exploitation often represent two ends of a continuum, 

and a punctuated equilibrium is the means that will most likely be used to balance 

between them. Yet, as suggested by March (1991; 2006), the difficulty involved in 
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executing exploratory and exploitative activities simultaneously may hamper firm 

sustainability (He and Wong, 2004). 

Thus, while the role of the balance between exploration and exploitation is 

stressed both by the theoretical and the empirical managerial literature, there is still wide 

ambiguity with regard to the means by which this balance is achieved and its 

characteristics. Moreover, while the three balancing mechanisms - organizational 

ambidexterity, external collaborations and punctuated equilibrium - have been suggested 

and explored, almost no effort has been made to compare and contrast the feasibility and 

suitability of these mechanisms in different organizational and environmental contexts 

(Gupta, et al., 2006; Jansen, et al., 2007). 

Interestingly, March’s (1991) argument is based on the assumption that in an 

environment of restricted resources, firms confront a trade-off in assets allocation and 

will tend to devote them either to exploration or exploitation activities. Yet, empirical 

tests of the impact of exploration and exploitation on firm's performance have usually 

modeled exploration and exploitation as orthogonal activities that positively interact (e.g. 

He and Wong, 2004; Jansen, et al., 2007; Katila and Ahuja, 2002). For the scope of the 

current research, we follow Levinthal and March's (1993) perspective, which 

acknowledges the interdependence of exploration and exploitation. So we conceptualize 

the two types of innovation as resting on a single continuum and as altering in magnitude 

over time according to environmental changes (Levinthal and March, 1993; Lewin, et al., 

1999; Murmann and Frenken, 2006; Tushman and Romanelli, 1985; O’Reilly and 

Tushman, 2008), rather than envisaging them as two autonomous organizational choices 

(Lavie and Rosenkopf, 2006).  
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To summarize, since March’s (1991) seminal work, the concepts of exploration 

and exploitation have gradually become dominant in the research. Applied in research 

fields as diverse as organizational learning, technological innovation, competitive 

advantage (and organizational survival), organization design, and organizational 

adaptation, these concepts have been explored at the level of the individual (e.g. Miller, et 

al., 2006; Taylor and Greve, 2006), at the organizational level (Danneels, 2002; He and 

Wong, 2004; Beckman, et al., 2004; Dowell and Swaminathan, 2006; Lavie and 

Rosenkopf , 2006;) and at the inter-organizational (or even industrial) level (e.g. 

Rothaermel and Deeds, 2004; Gilsing and Nooteboom 2006). As previously mentioned, 

the organizational literature suggests a multiplicity of measurement methods and sets of 

proxies in the operationalization of the concepts of exploration and exploitation. Yet, 

whether it is product development or strategic alliances, all the measurements are 

ultimately based on the basic association of exploration with new knowledge and 

capabilities development and exploitation with refinement of existing knowledge and 

capabilities (March, 1991). However, while most works follow March's original intention 

and associate these concepts with organizational learning processes (e.g. He and Wong, 

2004; Danneels, 2002; Dowell and Swaminathan, 2006) others concentrate on 

organizational outputs, such as patents (Katila and Ahuja, 2002; Rosenkopf and Nerkar, 

2001; Hagedoorn and Duysters, 2002; Benner and Tushman, 2003; Rothaermel and 

Deeds, 2004).  

Reviewing these divergent approaches and definitions of exploration and 

exploitation, we follow March’s (1991) original logic, which would claim that all activity 
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includes at least some portion of learning. What differentiates between exploration and 

exploitation is the type of learning rather than the existence or absence of new knowledge 

creation (Gupta, et al., 2006). Moreover, as these two operational modes require 

considerably different organizational structures, capabilities and strategies, we would 

claim that switching from one mode to another is an important expression of dynamic 

capabilities in itself.  

 

5.3 Industry Life Cycle: Modeling the Competitive S etting of the 

Firm 

Driven by environmental forces, industries tend to evolve through the prototypical 

phases of a life cycle (e.g. Utterback and Suarez, 1993; Jovanovic and MacDonald, 1994; 

Geroski and Mazzucato, 2001; Agarwal, et al., 2002). Such a cycle contains 

distinguishable phases characterized by typical entry and exit rates, patterns of firm 

growth and survival, market demand, and type of technological innovation. This 

evolutionary pattern has been observed with significant consistency across various 

research streams, such as organizational ecology, evolutionary economics, technology 

management, and marketing.  

Following Schumpeter (1939, 1942), scholars of industry evolution suggest that 

any industry has a finite life span. In their seminal work, Utterback and Abernathy 

(1975:381) argue that "a process, or productive segment, tends to evolve and change over 

time in a consistent and identifiable manner… the stage of development that a productive 

segment has reached… will determine its propensity to host particular types of 
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innovation"16. Their model of industry evolution consists of three phases. Each phase is 

characterized by its own distinctive paradigm of competition (Dosi, 1982; Nelson and 

Winter, 1982). The three phases of the industry life cycle (ILC) model as described by 

Utterback and Abernathy (1975:641-2) are17: 

"Uncoordinated. Early in the life of process and product, market expansion and 

redefinition result in frequent competitive improvements. The rates of product and 

process changes are high and there is great product diversity among competitors. 

Typically, the process itself is composed largely of unstandardized and manual 

operations, or operations that rely upon general purpose equipment. During this state, the 

process is fluid, with loose and unsettled relationships between process elements. Such a 

system is "organic" and responds easily to environmental change, but necessarily has 

"slack" and is "inefficient"." 

"Segmental. As an industry and its product group mature, price competition 

becomes more intense. Production systems, designed increasingly for efficiency, become 

mechanistic and rigid. Tasks become more specialized and are subjected to more formal 

operating controls. In terms of process, the production system tends to become elaborated 

and tightly integrated through automation and process control. Some subprocesses may 

be highly automated with process specific technology while others may still be 

essentially manual or rely upon general purpose equipment. As a result, production 

processes in this state will have a segmented quality. Such extensive development cannot 

                                                 
16 Abernathy and Townsend define the productive segment as "the overall production process which is 
employed to create a product, whether the product is goods or a service" and it includes "the physical 
product, the characteristics of input materials and the characteristics of the product demand that are incident 
on the process"(1975:381).  

 
17 See also Abernathy and Townsend, (1975); Abernathy and Utterback, (1978) 
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occur however until a product group is mature enough to have sufficient sales volume 

and at least a few stable product designs." 

"Systemic. As a process becomes more highly developed and integrated and as 

investment in it becomes large, selective improvement of process elements becomes 

increasingly more difficult. The process becomes so well integrated that changes become 

very costly, because even a minor change may require change in other elements of the 

process and in the product design. Process redesign typically comes more slowly at this 

stage, but it may be spurred either by the development of new technology or by a sudden 

or cumulative shift in the requirements of the market. If changes are resisted as process 

technology and the market continue to evolve, then the stage is set for either economic 

decay or a revolutionary as opposed to evolutionary change".  

 

While Utterback and Abernathy's (1975) model highlights managerial decision-

making and the challenges firms face as a result of such patterns of industrial evolution, 

the economics literature has further developed this approach. Gort and Klepper (1982), 

for example, extended the original number of phases of the cycle from three to five. In 

particular, they explored entry and exit patterns and how these patterns are shaped by the 

nature of innovation over the life cycle of the industry. In their model, stage I of the cycle 

starts when the initial invention turns into a commercially exploitable innovation. The 

growing potential of the product market leads to new entrants, which evoke turbulence 

and extensive market expansion. At Stage II, the market continues its expansion by a 

growing number of entrants relative to exits. Stage III is characterized by an evenness of 

entering and exiting firms. This leaves the total number of operating firms in the market 
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quite stable. As suggested by Gort and Klepper (1982) “zero entry does not, however, 

reflect an equilibrium but rather it is associated with structural changes in the market”. 

Stage IV is characterized by a general shakeout. Here the source of technological change 

shifts from product to process innovation and the market being dominated by the 

activities of incumbent firms, rather then new firms. At this stage, the marginal 

expenditures on process R&D become greater than the expenditures on product R&D 

(see also Klepper, 1996). Finally, Stage V is characterized by a moderately constant 

industrial demography. Here incumbent firms converge around process innovation and 

cost reduction. 

Following the idea that knowledge type determines patterns of industrial 

evolution (e.g. entry, growth, exit), Nelson and Winter (1982) classified two types of 

innovation phases. The first phase is characterized by widening innovation and is 

designated "Schumpeter mark I". The second phase, characterized by deepening market 

innovation, is designated "Schumpeter mark II". The main idea expressed by their 

classification is that the technological regimes pertaining to an industry (which define the 

innovative activity of firms) change over time. For Nelson and Winter (1982), the 

technological regimes move from being "entrepreneurial" to "routinized" (Winter, 1984). 

In the first phase, the source of innovation lies outside established routines, entering firms 

act as agents of change (Gort and Klepper, 1982) that follow multiple technological 

trajectories (Dosi, 1982). In the second phase, the source of innovation is the internalized 
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market based expertise of the incumbent firms, which gather around a certain 

technological trajectory18.   

A parallel body of literature concerning technological management conceptualizes 

technological change as an evolutionary process of variation, selection, and retention 

(Anderson and Tushman, 1990). By revealing the complexity of incumbents' experiences 

in responding to these discontinuities (see also Abernathy and Clark, 1985; Tushman and 

Anderson, 1986; Henderson and Clark, 1990; Utterback, 1994), Anderson and Tushman 

(1990) suggest a cyclical model of technological change in which competition between 

different designs follows a technological discontinuity. Tushman and Anderson (1986) 

define disruption as a technological discontinuity in which no efficiency or design can 

make the old technologies competitive with the new one. While, during the first stage, the 

new technology under-performs the established one, it opens the door for new 

applications and new customers, and its performance improves rapidly when targeting the 

new dominant design. Extending this line of thought, Murmann and Frenken (2006) show 

examples of interactions between component and system discontinuities and how 

dominant designs can exist at multiple levels in a single product (see also Utterback, 

1994; Tushman and Murmann, 1998). In that line of research, a distinction is made 

between competence enhancing and competence destroying mechanisms (Henderson and 

Clark, 1991; Tushman and Anderson, 1986).  

Extending the technology focused perspective, one may claim that a competency 

destroying environment may lead to distraction of specialized complementary assets 

                                                 
18 Jovanovic (1982) suggests a model in which firms discover their efficiency level following their entry to 
the industry. According to this model, firms that are exceptionally efficient grow rapidly, while the 
inefficient exit.  
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(Teece, 1986; Agarwal, et al., 2002) and to interruption of inter-organizational structures 

of collaboration. Bower and Christensen (1995) suggest that the causes of disruption may 

emerge from new business models, applications, or customers, rather from the technology 

itself (see also Lewis, et al., 2001). With industrial maturation, technological innovation 

shifts to competence enhancement. Here, a shift to a routinized and incremental 

technological development takes place, which emphasizes process innovations 

(Abernathy and Utterback, 1978; Nelson and Winter, 1982; Tushman and Anderson, 

1986). Such a transformation arises following increasing standardization (Anderson and 

Tushman, 1990; Suarez and Utterback, 1995) and economies of scale (Klepper, 1996).  

The evolutionary models discussed so far devote limited attention to the process 

of industrial decline and shrinking demand. Exploring the Chemicals industry, Lieberman 

(1990) and Ghemawat and Nalebuff (1990) offer an example of such a decline phase. 

More dynamic models of industries (e.g. Hopenhayn, 1992) predict that following 

shrinkage on the demand side, the least efficient producers are the first to exit. However, 

when strategic interaction between firms is significant, larger incumbents may exit first 

(Ghemawat and Nalebuff, 1985,1990; Whinston, 1988). 

 

5.4 The S-shape of Industrial Evolution 
 

Describing the evolution of the American ice industry and the computer industry, 

Utterback (1994) uses an S-shaped model in which the evolution of the industry follows a 

sigmoid function over time. Exploring the evolution of the miniaturization of electronics, 

Freeman, et al., (1982) also use the S-shaped model. Practically the description of 
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industry/market development through the use of an S-curve goes back to sociologist 

Tarde (1903). In general the result of the study the diffusion of innovation suggests that 

the most influential channel of diffusion is based on echelons or levels, from a small 

number of early adopters to a larger number of secondary adopters and so on. The main 

idea here is that people are more likely to adopt, or even consider adopting, if people they 

know and respect have adopted. In other words, imitation is the strongest influence 

channel with respect to diffusion.  

As suggested by Rogers (1983), Tarde's 1903 S-shaped curve is of present 

significance because the majority of innovations have an S-shaped rate of adoption and 

the variance lies in the slope of the "S". In their seminal study of the diffusion of hybrid 

seed among Iowa farmers, Ryan and Gross (1943) exhibited the rate of adoption of the 

innovation as having an S-shape when charted on a cumulative basis over time. 

Consequently, Ryan and Gross (1943) suggested five segments of adopters: innovators, 

early adopters, early majority, late majority, and laggards. In his seminal work Diffusion 

of Innovation, Rogers (1962) defines diffusion as the process by which an innovation is 

communicated through specific channels over time between the members of a social 

system19. In his work, Rogers extends the previous categorization of the five segment 

participants (see Chart 1): 

o Innovators are adventurous and risky and able to cope with a high degree of 

uncertainty. They are able to absorb the potential financial loss (from an unprofitable 

innovation) and are capable of applying complex technical knowledge.  

                                                 

19
 Rogers distinguishes the adoption process from the diffusion process in that the diffusion process takes 

place within society, as a group process; while, the adoption process refers to an individual.  
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o Early Adopters are an integrated part of a certain social system, serve as role models 

for other members of society, have the strongest opinion leaders, and are associated 

with success.  

o Early Majority  is estimated to represent one-third of the system. They interact 

frequently with peers and seldom act as opinion leader. Finally, they carefully 

consider before adopting an innovation.  

o Late Majority  is estimated also to be one-third of the system. They are influence by 

economic necessity, and are characterized as skeptical and cautious in the adoption of 

new ideas, but sensitive to pressure from peers. 

o Laggards are secluded, are not opinion leaders, cherish the past, are suspicious of 

innovations and limited in resources. 

Chart 1: Categories of Adapters 

 

Adopted from: Rogers (1995) 

5.4.1 The Industry Life Cycle Model’s Limitations  

While the ILC model is useful for describing the innovation patterns associated 

with industrial evolution, it is not evident that all industries follow such a life cycle. 

Indeed, there are many industries whose evolutionary patterns diverge from the standard 
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sequence of the cycle. Moreover, one may claim that the ILC may be influenced not only 

by internal factors but also by external factors, such as regulation, international 

competition, financial availability of resources etc. Another difficulty with the ILC is the 

definition of the industry. While the model usually works well for narrowly defined 

product markets such as the automobile industry, it appears to be less suitable for the 

analysis of heterogeneous industrial settings (Rothwell and Pavitt, 1978). Moreover, the 

pattern of the typical ILC, described above, is not inevitable, as diverse paths of 

development are possible. For example, instead of moving to industrial maturation with 

its focus on cost reduction, the competitive focus may go to enhanced quality and 

enhanced features. At its extreme, such an approach may lead to the development of 

completely new product classes. Another possible criticism to the ILC model focuses on 

its deterministic sequence of stages. In that sense, it is possible for apparently mature 

industries to enter into new generations of a product (King and Tucci, 2002) or randomly 

expire (Klepper and Thompson, (2006).  

A final point of criticism of existing ILC theory is that most of the existing 

models do not seem to have explicitly analyzed in evolutionary terms the process of 

creation of a new industry. The assumption being either that the new industry is created 

by the first firm (market transaction) or implicitly that, from a short term equilibrium 

represented by a dominant design with higher than normal profits, there is plain or 

common sense adjustment based on firm entry to a long run equilibrium with normal 

profits. In contrast to this, Avnimelech and Teubal (2006) suggest, in the context of 

Israel’s Venture Capital and associated Entrepreneurial High Tech Cluster, that the 

creation of a new industry is a process of emergence of the relevant higher level 
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organizational entity. This and other experiences strongly suggest that the process is a 

cumulative one with positive feedback i.e. dynamic economies of scale (Bresnahan, et al., 

2001; Bresnahan and Gambardella, 2003).  

5.4.2 The Coevolution of Supply and Demand 

The process of industrial evolution is extremely non-linear. Different sub-systems 

such as market, technology, regulation and institutions coevolve leading to irreversible 

changes in industrial trajectories. While there are a small number of contributions to 

coevolutionary modeling of supply and demand dynamics (Janssen and Jager, 2002; 

Windrum and Birchenhall, 2005; Schwoon, 2006), most models of industrial evolution 

reduce the demand side to a static selection environment, assuming that the processes of 

innovation are independent. On the other hand, a coevolutionary model describes the 

process of reciprocal developments and adaptations between heterogeneous groups of 

consumers and producers.  

As described by McKelvey (1997:361) “variations of chain competencies having 

co-evolutionary relevance are those offering survival and competitive advantage”.  

Following coevolutionary logic, many scholars focus on chain competencies and their co-

evolutionary relevance to explain both the survival and competitiveness of firms (Kieser, 

1989; Yates, 1993; Baum and Singh, 1994; McKelvey, 1997; Rosenkopf and Tushman, 

1998; Lewin and Volberda, 1999; Lewin, et al., 1999). The literature has advanced 

coevolution as a framework for analyzing the interplay between firm adaptation and 

environmental selection (e.g., McKelvey, 1997; Lewin, et al., 1999: Lewin and Volberda, 

1999; Teece, 2009). Murmann claims that “two evolving populations coevolve if and 

only if they have significant causal impact on each other’s ability to persist” (2003: 22). 
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In that sense, Murmann suggests a wide definition that highlights a phenomenon whereby 

multiple parties jointly evolve (instead of the common definition of the parallel 

development of just two entities).  

As such, firms and industries do not merely evolve. They coevolve with each 

other. This coevolutionary perspective highlights the firm’s ability to shape its 

environment and design its future on an anticipatory basis. In other words, creation and 

exploitation of opportunities is about taking the right decisions and executing. As 

suggested by O’Reilly and Tushman (2008: 15), “in organizational terms, this requires 

leaders who can craft a vision and strategy, ensure the proper organizational alignments 

(whether it is for exploitation or exploration), assemble complementary assets, and decide 

on resource allocation and timing. In more concrete terms, this involves developing a 

consensus among the senior team about the strategic intent, avoiding the decision traps 

that path dependencies and mindsets bring, and aligning the business model and 

strategy”.  

Following the review above, one may see that theories of technical change and 

industrial evolution are usually classified into two broad categories: demand pull and 

technology push (Dosi, 1982). The first category stresses the role of market forces in the 

process of change. Here the basic assumption is that the market signals consumers’ needs 

by means of fluctuations in prices and quantities, which pulls the innovative activities of 

suppliers. Yet, this approach heavily relies on the passive reaction of technology 

suppliers to market conditions. On the other hand, technology push theories narrow down 

the demand side to a static selection environment. Yet, many innovations and much 

evolutionary momentum stem from user-producer interactions (Pavitt, 1984). As a result, 
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one cannot fully understand industrial evolution and technological emergence without an 

explicit assessment of supply-demand interaction. For example, supply-demand 

interaction is of a particular importance in the feedback mechanisms that lead to 

increasing returns from economies of scale, learning-by-doing, and spillover effects 

(Arthur, 1988; Metcalfe, 1994). Moreover, such feedback mechanisms are important for 

market evolution, imitation and bandwagon effects, and network externalities (Katz and 

Shapiro, 1985, 1986). 

5.4.3 The Four-Phase Industry Life Cycle Model  

Despite the short comings of the ILC model, it suggests an appealing framework 

for modeling industrial evolution and changes in its competitive settings. While many 

industries do not follow this exact rout, the ILC concept is extremely valuable in helping 

management to look into the future and better foresee what changes to make to their 

strategic programs (Walker, et al., 1999). As suggested by Lambkin and Day (1989), 

there is a need to model the dynamics of competitive behavior in evolving market 

structures as organizations do have the choice to act early or to wait.  

The concept of the ILC has been demonstrated empirically for a large number of 

industries such as the television industry (Utterback and Suarez; 1993; Klepper and 

Simmons, 2000), the US automobile industry (Abernathy, et al., 1983; Klepper,  1996; 

2002; Geroski and Mazzucato, 2001), and the automobile tire industry (Jovanovic and 

Macdonald,1994). As suggested by Agarwal, et al., (2002: 973), "empirical research has 

shown that the evolutionary trajectory of diverse organizational populations across 

industries appears to follow a prototypical path from birth to maturity…This evolutionary 
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pattern has been observed with remarkable consistency across studies in organizational 

ecology, evolutionary economics and technology management".  

In terms of managerial practice, the model suggests a powerful tool for predicting 

the sales volume of a product class , and highlights the timing of market entry as a major 

aspect in firm's competitiveness (Agarwal, 1997). The ILC perception may support 

effective decision making (Sproles, 1981; Ryan and Riggs, 1996; Shankar, et al., 1999) 

and the development of a viable market position (Paley, 1994). In a more general manner, 

by making sense of the information, the various ILC concepts can aid managers to adopt 

certain alternatives or dismiss others (DeBresson and Lampel, 1985)20.  

 

For the purpose of the current research, we base our analysis on a four phase 

(introduction, growth, maturity and decline) ILC model. Each phase is characterized by 

its own distinctive paradigm of competition (Dosi, 1982; Nelson and Winter, 1982) both 

in terms of demand and in terms of supply. In that sense, industries and firms may be 

considered as autonomous structures that coevolve as an outcome of mutual influence 

(Burt, 1992; McKelvey, 1997; Murmann, 2003). This coevolution of firms and their 

competitive environment defines a set of options and opportunities that mutually 

delineate the strategic activities of firms. In the next lines, a short summary of the four 

stages of the ILC is provided (see Chart 2). 

                                                 

20 Referring the environment as a perceptual phenomenon, Weick (1969) suggests that there is no such 
thing as an objective environment. According to his (somewhat extreme) view, the environment is those 
parts of the external information that the firm "enacts".  
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Chart 2:  Four Stages of the ILC Model 

 

 

The introduction phase involves the initial stage of the evolution of a new 

competitive setting and is established usually with the launching of a new type of product 

or technology. As suggested by Utterback and Abernathy (1975:641) "Early in the life of 

process and product, market expansion and redefinition result in frequent competitive 

improvements. The rates of product and process changes are high and there is great 

product diversity among competitors". In this phase, new combinations of interests, 

resources, customer needs, technological practices and business models mutually evolve. 

The level of demand in the introduction phase is embryonic, production systems are 

unsettled and multiple technological and business concepts emerge (Utterback and 

Abernathy, 1975). During this phase, firms strive to accumulate a critical mass of 

resources and capabilities deemed necessary to assure their survival as well as that of the 

embryonic competitive environment.  

The growth phase of the ILC follows the successful introduction of a new 

product type or technology, which leads to accelerated growth of the industry. Gradually, 
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the earlier exploration begins to converge around a small number of 'dominant designs' 

(Utterback and Abernathy, 1975; Abernathy and Utterback, 1978; Dosi, 1982; Anderson 

and Tushman, 1990), common industrial practices and a shared body of knowledge 

(Winter, 1984), all of which change the nature of competition with defined winners and 

losers (Suarez, 2004). In this phase, the locus of competition shifts from accumulation of 

a critical mass of resources and capabilities to setting (or becoming part of) the industry's 

dominant design as well as to market share occupation.  

The maturity phase of the ILC begins with a decline in the industry growth rate. 

By this point, technological, conceptual, and operational paradigms have been established 

(Dosi, 1982) and firm focus switches from the "creation" of new technologies to their 

"preservation" and from product innovation to market diversification (Porter, 1985),  

achieving economies of scale and scope (Teece, 1986; Tushman and Anderson, 1986), 

and minimizing costs (Abernathy and Townsend, 1975). "As a process becomes more 

highly developed and integrated and as investment in it becomes large, selective 

improvement of process elements becomes increasingly more difficult. The process 

becomes so well integrated that changes become very costly" (Utterback and Abernathy, 

1975:642). In this phase, the leadership of the industry is usually stabilized (Klepper, 

1996), where the key players are mainly incumbents, who strive to improve their 

performance by penetrating new market segments and strengthening their position in 

existing segments by engaging in mergers and acquisitions.  

The decline phase of the ILC begins when consumers shift their preferences to 

newly emerging products and technologies, which results in a decrease in the industry 

sales volume. In this phase, industrial renewal does not keep pace with competition from 
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new innovations and technological changes outside the industry. Firms operating in the 

decline phase tend to exhibit a high level of exploitation within the declining industry, in 

order to reap maximal revenues from the extant technology before it becomes obsolete. 

 

5.5 Development of Hypotheses   
 

The different phases of the ILC model represent a specific contextual framework 

that, to some extent, defines the strategic scope of these firms and their set of strategic 

objectives. Building on the concept of shared aspects in the strategic actions of firms 

operating in evolving competitive environments, this study focuses on the impact of 

industry evolution on the levels of technological exploration and exploitation (March, 

1991; see below) exerted by knowledge intensive firms operating in different industry 

phases or moving between ILC phases. We expect ILC phase to affect the level of 

exploration (in comparison to the level of exploitation) exercised by knowledge intensive 

firms and subsequently their growth rates.    

Scholars of industry evolution suggest that any industry has a finite life span. This 

life span can be analyzed according to a common sequence of phases typified by specific 

competitive characteristics generalized in the ILC model (Abernathy and Townsend, 

1975; Abernathy and Utterback, 1978; Klepper, 1996, 1997) as the: introduction, growth, 

maturity, and decline phases. The different phases of industry development represent 

changes in the competitive environments of knowledge intensive firms where each phase 

in the ILC represents a specific contextual framework that, to some extent, defines the 

strategic scope of these firms and their set of strategic objectives. Knowledge intensive 

industries are usually characterized by "… a sequence of 'competitive regimes' based 
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upon particular competitive rules, business models, industry recipes, and capabilities" 

(Baden-Fuller, et al., 2001: 975). Our core argument is that each phase of the ILC is 

associated with specific competitive and structural settings that, ideally, lead to different 

strategic objectives and a different set of activities. This is so since each industry 

evolution phase is characterized by its own distinctive paradigm of competition (Dosi, 

1982; Nelson and Winter, 1982), leading firms experiencing a change in their ILC phase 

to modify their strategic actions to correlate with this change. Since knowledge intensive 

industries are expected to pass from the introduction phase, to growth and then to 

maturity within a relatively short time span (D’Aveni, 1994; Eisenhardt and Brown, 

1998), they constitute a suitable setting for testing the impact of changes in the 

competitive environment on firms' strategic actions.    

 

5.5.1 Industry Evolution and Exploration Levels   
As described in detail in section 2.5, March (1991) defines two modes of strategic 

action that firms can undertake: "exploration" and "exploitation". Exploration is 

associated with the “pursuit of knowledge… that might come to be known” (Levinthal 

and March, 1993:105) and leads to the development of new capabilities. Exploitation is 

associated with the “use and development of things already known” (Levinthal and 

March, 1993:105) and leads to the refinement of existing capabilities. While explorative 

and exploitative strategic modes are different in terms of environmental conditions, 

general incentives and process characterizations, firms often combine the two (March, 

1991; Levinthal and March, 1993; Tushman and O’Reilly, 1996; Lewin, et al., 1999; 
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Benner and Tushman. 2003; He and Wong, 2004; Nooteboom and Gilsing, 2004; Lavie 

and Rosenkopf, 2006; Jansen, et al., 2007).  

According to Floyd and Lane (2000: 155) "a theory of strategic renewal must 

recognize that maintaining adaptiveness requires both exploiting existing competencies 

and exploring new ones". This implies that one should be able to identify different levels 

of exploration and exploitation in firms' strategic actions where, in some instances, the 

competitive environment leads firms to emphasize explorative behavior while, in others, 

exploitation dominates. Following Levinthal and March's (1993) perspective, which 

acknowledges the interdependence of exploration and exploitation, we conceptualize the 

two types of innovation as resting on a single continuum and altering in magnitude over 

time according to environmental changes (Levinthal and March, 1993; Lewin, et al., 

1999; Murmann and Frenken, 2006; Tushman and Romanelli, 1985; O’Reilly and 

Tushman, 2008)21. More specifically, we expect firms moving from one ILC phase to 

another to modify their levels of exploration and exploitation. Thus, the unsettled 

technological and business paradigms in the introduction phase lead us to expect that the 

strategic actions of firms in this type of competitive environment will be mostly 

explorative, expressing extensive technological search. While the strategic actions of 

knowledge intensive firms operating in the growth phase are still expected to be mostly 

explorative, the level of exploration (compared to the level of exploitation) in their 

strategic behavior is expected to somewhat reduce compared to the introduction phase, 

                                                 
21

 This assumption results from the fact that, as noted later, this study primarily concerns single Strategic 
Business Unit (SBU) knowledge intensive firms. For such firms, exploration and exploitation often 
represent two ends of a continuum, and a punctuated equilibrium is the means that will most likely be used 
to balance between them. For corporations operating within multiple and loosely connected domains, 
exploration and exploitation may be orthogonal, and ambidexterity is the means that will most likely be 
used to balance between them (Gupta, et al., 2006). 
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paving the way to more exploitation. In the maturity phase, the dominance of the 

explorative focus that we expect to observe in the previous phases should give way to a 

more exploitative focus (March, 1991). Finally, knowledge intensive firms operating in 

the decline phase are expected to maximize their exploitative efforts within the declining 

industry.  

Overall, in early phases of the ILC, knowledge intensive firms are expected to be 

more explorative. This explorative mode involves trial and error with regard to industrial 

standards and is executed in light of technological feasibility and the ‘race to the market’ 

(Dosi, 1982). As the industry matures, knowledge intensive firms are expected to become 

more and more exploitative. This exploitative mode involves consolidation around a 

defined dominant design and a shift towards more efficient production and distribution. 

While, during the introduction phase of the ILC, knowledge intensive firms maximize 

their explorative actions, at the growth phase, the early exploration converges around 

certain dominant designs. Consequently, the strategic focus of knowledge intensive firms 

and their strategic actions shift towards more exploitation at the mature stage, and to 

maximal exploitation at the decline stage.  

The discussion above has both static and dynamic implications. Regarding the 

static aspect, we expect the level of exploration (compared to exploitation) to be maximal 

at the introduction phase and constantly decline to a minimal level at the decline phase. 

Knowledge intensive firms that are unable to adapt to the levels of exploration and 

exploitation dictated by their corresponding industry phase are likely to be selected out 

and cease operations (Nelson and Winter, 1982). We therefore hypothesize that:  
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Hypothesis 1: The level of exploration exhibited by knowledge intensive firms decreases 

as industries mature.  

5.5.2 Industry Phase, Exploration Level and Competitive 
Advantage    

The ability of knowledge intensive firms to adapt to new competitive 

environments by changing the distribution of explorative versus exploitative activities is, 

in fact, a demonstration of the commonalities in the strategic actions of firms discussed 

earlier. Due to changes in the set of strategic objectives over the ILC as discussed above, 

most knowledge intensive firms moving from one industry phase to another will exhibit a 

"shared" behavior of reducing their levels of exploration.  

The emerging stream of literature on dynamic capabilities (e.g. Teece, et al., 

1997; Zollo and Winter, 2002; Helfat, et al., 2007; Lavie, 2006; Teece, 2007) offers an 

explanation as to the impact of firm specific organizational adaptation on long-term 

competitive advantage, performance and survival (e.g. Adner and Helfat, 2003; Helfat 

and Raubitschek, 2000; Zott, 2003; Macpherson, et al., 2004). However, we argue that 

variance in performance may also result from "shared" or "common" changes in strategic 

actions (Eisenhardt and Martin, 2000). In particular, we refer to the ability of knowledge 

intensive firms to sequence the timing of such changes in order to maximize the fit 

between their strategic actions and the requirements of their evolving competitive 

environment. In that sense, the commonalities or shared aspects of the strategic actions of 

firms can be thought of as a pre-condition for the attainment of short term competitive 

advantage where the existence of idiosyncratic dynamic capabilities becomes the key for 

sustaining such competitive advantage. This distinction implies that firms adhering to the 

"correct" strategic actions, as implied by their competitive environment, should 



 107

outperform firms that do not take such actions. Hence, the ability of firms to maintain 

multiple sequences of short term adaptations to the evolving demands of their 

environment may, in itself, partially explain the variance in firms' performance.      

More specifically, in the context of the ILC and the levels of exploration vs. 

exploitation, we argue that knowledge intensive firms that have the capability to fit their 

level of exploration to the "required" exploration level in any respective industry phase 

will outperform those that do not. Hence, knowledge intensive firms that decrease their 

level of exploration in accordance with the ILC phase in which they operate should have 

a competitive advantage over knowledge intensive firms that increase or fail to change 

their level of exploration. We therefore hypothesize that: 

 

Hypothesis 2: Knowledge intensive firms that adapt their exploration level to their 

industry phase outperform other knowledge intensive firms.   

  

5.5.3 The Moderating Effect of Product Type  
Many industries, including knowledge intensive ones, often encompass relatively 

long and complex industrial value chains (Abernathy and Townsend, 1975; Tushman and 

Rosenkopf, 1992; Tushman and Murmann, 1998; Baldwin and Clark, 2000). Within a 

given industry, firms differ in the parts of the value chain they perform (Buden-Fuller, et 

al., 2001; Murmann and Frenken, 2006). For the sake of simplicity, we distinguish 

between two polar types of products manufactured by knowledge intensive firms. One 

type of product consists of components to be installed in a larger system or application 

that are supplied to product integrators. Knowledge intensive firms producing such 
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products may take part in activities such as licensing of intellectual property, chip design 

and development of semiconductors. The other type of product comprises those 

manufactured on the basis of the aforementioned components and then sold by solution 

providers to the end customer. In our context, such firms may sell, among other products, 

medical devices, capital equipment, enterprise software, security solutions and telecom 

systems.  

We argue that the type of products firms produce is expected to moderate the 

relationship between the industry phase in which firms operate and their relative level of 

exploration22. Component producers are more biased towards technological activities 

than solution providers. This is so, since solution providers are relatively more engaged 

than component producers in providing marketing, distribution and customer support 

services to end customers. Such services require solution providers to frequently interact 

with end customers in the process of demonstrating their products, tailoring them to 

specific customer needs, installing the products, providing technical support and fixing 

malfunctions (Hirsch, 1989; Simonin, 1999; Almor, et al., 2006). Component producers, 

on the other hand, often sell technological know-how or prototypes to product integrators 

and where they need to provide marketing, distribution and customer support services, 

the number of customers to be served is quite limited (Almor and Hashai, 2004). Since 

most of the assets and human resources of component producers are directed towards 

technological activities (in contrast to solution providers, which have to divert a 

substantial portion of their assets and human resources also to marketing, distribution and 

                                                 
22 While these two product types represent, in fact, the extreme poles of value chain vertical integration the 
proposed distinction simplifies the analysis of the moderating impact of product type on the level of 
exploration.  
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customer support activities) the relative level of exploration performed by component 

producers is likely to exceed that of solution providers.  

Furthermore, the difference in the magnitude of marketing, distribution and 

customer support services provided by the two types of firms further implies that a 

radical technological deviation from existing technological knowledge will be highly 

costly to solution providers, who must train their marketing, distribution and customer 

support personnel as well as transfer the new technological knowledge to multiple end 

customers. On the other hand, component producers face lower costs to conduct such 

activities due to the limited number of customers they serve and the higher level of 

sophistication of these customers (being integrators and not end customers). Component 

producers thus have relatively fewer restraints on introducing explorative technological 

knowledge than solution providers. We therefore hypothesize that: 

  

Hypothesis 3a: The tendency to engage in exploration is higher for component producers 

than for solution providers.  

 

The difference in the relative level of exploration between component producers 

and solution providers is expected to trigger path dependent dynamics (Arthur, 1989; 

David, 2000), leading the two types of firms to different evolutionary paths in terms of 

their relative levels of exploration and exploitation. These differences essentially result 

from each type of firm having a different capacity for change and environmental 

adaptation. In the early phases of the ILC, the main focus of component producers is on 

the creation of technological innovation. Such a focus leads to maximal exploratory 
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efforts and concentration on a relatively narrow spectrum of organizational learning 

processes (Leonard-Barton, 1992; Siggelkow and Rivkin, 2006). This focus stands at the 

heart of component producers' ability to out-compete their rivals in the race towards the 

dominant industrial design (Dosi, 1982). Nevertheless, the focus on creating explorative 

technological knowledge is likely to come at the expense of creating exploitative 

technological knowledge. Thus, it may also hamper the ability of component producers to 

achieve efficiency and economies of scale and scope at later phases of the industry's 

evolution (Teece, 1986; Tushman and Anderson, 1986) which are associated with the 

dominance of an exploitative organizational focus (Abernethy and Utterback, 1978). On 

the other hand, despite the bias towards technological exploration in the early phase of 

industry evolution, solution providers are characterized by a wider spectrum of 

knowledge domains, such as marketing, distribution and customer support, relative to 

component producers. The need to cope with multiple organizational knowledge domains 

may endow solution providers with a better capacity for change and environmental 

adaptation (Tushman and Romanelli, 1985; March, 1991; Burgelman, 1991; Levinthal 

and March, 1993; Brown and Eisenhardt, 1998) at later phases of the industry's evolution. 

Hence, due to path dependent dynamics, the explorative technological focus of 

component producers is expected to lead to a more rigid organizational structure and an 

inferior ability to adapt to environmental change (Leonard-Barton, 1992) compared to 

solution providers. Summing up the above discussion, not only are component producers 

expected to outweigh solution providers in their relative levels of exploration, the 

differences in the relative exploration levels of the two groups of firms is expected to 

increase over the ILC. We therefore hypothesize that:  
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Hypothesis 3b: The reduction in the level of exploration (and the increase in the level of 

exploitation) over the industry life cycle is greater for solution providers than for 

component producers.  

 

5.6 Methodology 
 

Throughout the process of the data collection, we followed six distinct stages with 

one feedback loop. These stages are questionnaire design, sample selection, pilot study, 

questionnaire revision, conduct research and data encoding (see Chart 3).   

 

Chart 3: The six stages of data collection 
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5.6.1 Questionnaire Design  
The Israeli high tech industry is characterized by wide cycle of privet start ups and 

minority of public companies. As such, the data that was needed to test the hypotheses of 

this study are usually unavailable in the financial reports of firms or in press releases, we 

used close-ended interview questionnaire based interviews as the prime data collection 

method. Questionnaires are very cost effective when compared to face-to-face interviews. 

This is especially true for studies involving wide data collection, such as assets allocation 

and analysis of firm's strategic development phases, in contrast to financial data or patent 

registration. Moreover, questionnaires are easier to analyze and encode than interview 

data, especially when large volumes of data are involved. The usage of structured 

questionnaires was intended to elicit the views of the interviewee untainted by the 

interviewer's perceptions to the extent possible. A similar approach of analyzing the 

source and level of innovation in organizations by a structured questionnaire filled out by 

a specific person in the organization is used in the well known UK Community 

Innovation Survey (CIS) (see Cassiman and Veugelers, 2002; Mairesse and Mohnen, 

2002; Laursen and Salter, 2006). This approach draws from a long tradition of research 

on innovation, including the Yale survey and the SPRU innovation database (for 

examples, see Levin, et. al., 1987; Pavitt, et. al., 1987, 1989; Cohen and Levinthal, 1990; 

Klevorick, et. al., 1995). Other scholars who have used questionnaire based data 

collection to measure executives' evaluations of exploration and exploitation include 

Bierly and Chakrabarti (1996), McGrath (2001), He and Wong (2004), and Jansen, et. al., 

(2007). Recently, Uotila, et. al., (2008) used survey to quantify the annual amount of 

explorative orientation of firms. 
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The questionnaires covered a wide range of topics (see appendix 3). For each 

firm, the interviewees were asked to identify up to five major periods of firm 

development since its inception (this enables us to control for firm development in 

addition to ILC, which is the prime focus of this research). Each firm development period 

referred to a major strategic motive that reflected the firm operations in that period as was 

defined by the firm. These included: development of a new product or technology, home? 

sales of a product, penetration to foreign markets, development of subsequent 

technologies or products etc. Then, for each firm period, the interviewees reported on 

matters such as: financial data (e.g. sources of capital), inter-firm relations, the 

internationalization measures undertaken, the distribution of human resources between 

firm functions and the main sources of knowledge within each function.  

 

5.6.2 Sample Selection  
Our hypotheses link between firm level exploration, the ILC and the performance of 

knowledge intensive firms. Hence, in order to test the hypotheses, we needed longitudinal 

data on knowledge intensive firms from their inception. The term 'knowledge-intensive 

firms' (Sveiby and Risling, 1986; Alvesson, 1995; Robertson and Swan, 1998) refers to 

firms that produce products or services for which the majority of the work is of an 

intellectual nature (Alvesson, 2001, 2000) and performed by skilled employees (Stewart, 

1997; Bontis, 1998). According to Starbuck (1992), knowledge intensive firms are those 

for which knowledge is the most significant input, and human capital (as opposed to 

physical or financial capital) is the pivotal type of capital (see also Alvesson, 2001; 

Frenkel, et. al., 1999; Lei, et. al., 1999; Newell, et. al., 2001; Purvis, et. al., 2001).  
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We chose the Israeli Hi Tech sector as the setting for our research. This sector is 

composed of knowledge intensive firms operating in several technology-oriented 

industries in different phases of the ILC. Such firms enroll at least 50% of their 

employees in R&D activities. Many of the firms in this sector are (or were) pioneers in 

their industries. One additional advantage of this sector is that it contains mostly single or 

dominant business firms (Rumelt, 1974) operating within a single industry in a given 

time period. Only two or three firms in this sector are multi-business firms, implying that 

the number of such firms in the analyzed population is negligible. The negligible number 

of multi-business firms mitigates self selection concerns as a result of our focus on single 

strategic business unit (SBU) firms. The Israeli Hi-Tech sector began to grow in the early 

1970s with most firms established in the last 10-15 years, hence enabling us to collect 

data on their development since their inception.    

The sample was derived from the full 2004 list of Israel-based knowledge 

intensive firms constructed by the Dolev and Abramovitz Ltd consulting firm. The Dolev 

and Abramovitz list includes about 400 Israeli knowledge intensive firms that have 

reached the stage where they sell their products and represents the vast majority of the 

Israeli Hi-Tech sector. The Dolev and Abramovitz list is well recognized as a 

comprehensive resource for this sector in Israel.  

Suitable firms were those operating within a single industry in the last two 

decades, with at least a subset of them operating in multiple industry phases along the 

analyzed time frame. This was required in order to secure a one-to-one relationship 

between each firm and the industry phase in which it was operating in a given time 

period. We excluded diversified corporations, since they are likely to operate in multiple 
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industries and to produce multiple types of products exhibiting different growth rates. 

This would have led to a much more complex empirical analysis as there would be a need 

to collect data at the strategic business unit level for each corporation and because it is 

difficult to control for corporate management effects on exploration, (e.g. a decision to 

reduce the activity level of a SBU because it is not synergetic to the rest of the corporate). 

Following this line 200 firms derived from the Dolev and Abramovitz list have 

been characterized as suitable to our research sample. Using "snowball sampling" 

(Heckathorn, 2002; 1997) we approached the senior management of all 200 firms. 

Snowball sampling is a technique for developing a research sample where existing study 

subjects engage more subjects from among their associates. This sampling technique is 

often used in difficult to reach populations, such as with senior management executives. 

 

Overall, 165 interviews took place during the period January 2005-July 2006 (a 

response rate of 82.5%). Out of this sample, we screened out 18 firms due to incomplete 

data23. Overall, this data gathering procedure resulted in 541 firm period observations24 

for the 147 analyzed firms (see Table 5). In this sample, the average length of a period 

was reported to be around 2.9 years (with a minimum of one year and a maximum of 16 

years where the earliest year of establishment was 1970 and the latest one was 2003). 

Basic T-test comparisons between the 147 participating firms and the 253 non-

participating firms did not show evidence of any non-response bias in terms of the 

averages of: firm sales, number of employees, age of firm, firm valuation, and industrial 

classification. The aim of the data collection was to develop panel data that represent the 

                                                 
23

  No common characteristics to these firm have been detected   
24

 See page 109 for further discussion about firm’s period 
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development process of knowledge intensive firms in the Israeli Hi-Tech sector. Panel 

data analysis is a method of exploring a specific subject periodically observed over a 

defined time frame. “In economics, panel data analysis is used to study the behavior of 

firms and wages of people over time. In political science, it is used to study political 

behavior of parties and organizations over time. It is used in psychology, sociology and 

health research to study characteristics of groups of people followed over time. In 

educational research, researchers study classes of students or graduates over time. With 

repeated observations of enough cross-sections, panel analysis permits the researcher to 

study the dynamics of change with short time series. The combination of time series with 

cross-sections can enhance the quality and quantity of data in ways that would be 

impossible using only one of these two dimensions (Gujarati, 638). Panel analysis can 

provide a rich and powerful study of a set of people, if one is willing to consider both the 

space and time dimension of the data” (Yaffee, 2003:1). 

5.6.3 Pilot Study and Questionnaire Revision 
 

Following the questionnaire design and the sample selection, we executed a pilot 

study. In social science, the term pilot study refers to small scale feasibility studies 

performed in preparation for the major study and to ‘try out’ of a particular research 

instrument (Baker, 1994). In the first phase of a pilot, in-depth interviews were performed 

and accomplishment of the main research objectives was tested. Next, we measured the 

time length it took to complete the questionnaire. In addition, the clarity of the questions, 

and the flow of the order of the questions were evaluated. The current pilot involved two 

rounds of interviews at 30 firms. In the first round, we had15 interviews, each lasted 

about 3 hours. After these interviews, based on the feedback from the interviewees, we 
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applied some changes to the interview’s structure, order to questions and used more 

clarified wordings to the questionnaire. Consequently, we conducted another 15 shorter 

interviews that lasted 1-1.5 hours in order to further improve our questionnaire and 

increase validity and reliability. At this stage, the questionnaire was shortened so that it 

lasted only one hour and the measurement of one of the main variables (Exploration 

Intensity) was changed.   

5.6.3.1 From a Dichotomy to a Scalar Measurement of Firm Level 
Exploration and Exploitation   

Multiple means were previously used in the literature to measure firms' levels of 

exploration and exploitation. Patent citations are probably the most popular proxy used in 

extant literature (e.g. Stuart and Podolny, 1996; Ahuja and Lampert 2001; Katila and 

Ahuja, 2002; Rosenkopf and Nerkar, 2001; Hagedoorn and Duysters, 2002; Benner and 

Tushman, 2003; Rothaermel and Deeds, 2004). Other measures include measurements of 

product and process innovation (Rowley, et al., 2000; He and Wong, 2004; Dowell and 

Swaminathan, 2006) as well as identification of different characteristics of alliances 

(Park, et. al., 2002; Beckman, et. al., 2004; Lavie and Rosenkopf, 2006).  

Innovation researchers often distinguish between patents that cite one or more 

prior patents of the focal firm (defined as exploitation) and patents that cite no prior 

patents of a focal firm (defined as exploration). Targeting patent citation as an objective 

proxy, Katila and Ahuja (2002) explored the depth and scope of organizational search. 

The authors associate exploration with search depth, which is defined as "the degree to 

which search revisits a firm's prior knowledge" (Katila and Ahuja, 2002:1184) and 

exploitation with search scope, which is defined as "the degree of new knowledge that is 

explored"( Katila and Ahuja, 2002:1184). In a somewhat similar vein, using patent 
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citations (and mapping of knowledge areas), Rosenkopf and Nerkar (2001) investigated 

the level to which organizational search activities are boundary spanning. Here, 

exploration is associated with search in new knowledge domains and exploitation with 

search within the organizational knowledge domains. However, patents as an indicator of 

explorative and exploitative learning and innovative output have been extensively 

criticized (for an overview, see Griliches, 1990). Patents do not necessarily represent all 

the knowledge held by the firm (Levin, et. al., 1999) and their registration may be heavily 

biased by peripheral considerations such as signaling and reputation as much as by the 

ability to protect intellectual property rights in specific industries.  

A plethora of additional methods have been used for measurement of exploration 

and exploitation in the domain of product innovation. For instance, McNamara and 

Baden-Fuller (1999) exploring Celltech Inc., a leading biotech firm, define exploration as 

drug discovery activity (which has long term feedback from the market and revenues) 

and exploitation as investment in contract manufacturing (which has rapid feedback from 

the market and fast revenues). Rowley, et. al., (2000) in their research of the steel and 

semiconductor industries, measure exploration as product-oriented R&D and exploration 

as process-oriented R&D.  Dowell and Swaminathan (2006), in their research of the US 

bicycle industry, link exploration to a high rate of product introduction and 

discontinuations relative to the time that the firm has been in the market. Finally, He and 

Wong (2004), in their study of manufacturing firms in Singapore, determine exploration 

as technological innovation activities aimed at entering new product markets and 

exploitation as technological innovation activities aimed at improving existing product 

market position. 
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Other research domains that have extensively elaborated on the framework of 

exploration and exploitation are strategic alliances and network research. For example, in 

research into large pharmaceutical companies, Rothaermel (2001) defines exploratory 

alliances as "technology-oriented alliances that focus on drug discovery and 

development, as well as clinical and commercial manufacturing" (Rothaermel, 2001:692) 

and exploitative alliances as "market-oriented alliances that focus on clinical trials, FDA 

regulatory management, and marketing and sales" (Rothaermel, 2001:692). Park, et. al., 

(2002), in research into semiconductor start-ups, define exploration alliances as "those 

with a joint research and development component" (Park, et. al., 2002:534) and 

exploitation alliances as "oriented toward exploiting existing resources" (Park, et. al., 

2002:534). Beckman et al., (2004), in a study of 300 large US firms, define exploration as 

the formation of an alliance with a new partner that has no prior ties to the firm and 

exploitation as recurrent alliances with a partner that has prior ties to the firm. 

Rothaermel and Deeds (2004), focusing in the biotechnology industry, define exploration 

as alliances that target basic research and drug discovery, while defining exploitation as 

alliances that target commercialization. Gilsing and Nooteboom (2006), who also focus 

on the biotech industry, define exploration as alliances between biotechnology firms and 

academia, and exploitation as alliances between biotechnology firms and large 

pharmaceutical firms. Finally, targeting software firms, Lavie and Rosenkopf (2006) 

divide exploration into three different domains: (1) R&D agreements; (2) interaction with 

the new partner; and (3) deviation from partnership consistency. The authors define 

exploitation as: (1) marketing agreement; (2) recurrent interactions with same partner; 

and (3) partnership consistency. 
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Overall, all the mentioned above proxies represent a dichotomic distinction 

between explorative and exploitative activities. Following this line, we based our 

measurement of firm level exploration and exploitation on the next question:  

 
“Please specify the main type of knowledge development with respect to the R&D”  

 
 New Knowledge 

Development 
(Exploration) 

Enhancement of 
Existing Knowledge 

(Exploitation)  
Period 1   
Period 2   
Period 3   
Period 4   
Period 5   

 

The analysis of the answers in the pilot study has suggested a major inconsistency 

of the dichotomous measurement of firm level exploration and exploitation with our 

hypotheses. Moreover, the dichotomic distinction between explorative and exploitative 

activities haven’t been well-accepted by the interviewees. Four of the interviewees have 

stressed the fact that we cannot refer these theoretical constructs as binary as “most of the 

activity is somewhere in between and changes in magnitude are, usually, incremental.” 

Therefore, we decided to follow scholars such as Sorensen and Stuart, (2000) and 

Benner and Tushman (2002) who developed a multiple measure of exploitation and 

exploration that was based on the extent to which a firm's innovation efforts were anchored in 

it’s the firm’s existing knowledge. This measure of exploration and exploitation echoes the 

original definitions used by March (1991) (see also Levinthal and March, 1993; and 

Lewin, et. al., 1999). We, therefore, reframed our measurement of firm level exploration 

and exploitation so it will capture the two operationalized theoretical constructs on a 

given continuum. In that context one may describe firm level exploration and exploitation 
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as measured by a spectrum characterized by scalar relations. One pole of the scale is 

associated with exploration and the other pole of the scale is associated with exploitation. 

In this line. Thus, we have changed the mentioned above question asking it as follows: 

 
“Please specify the type of the main products development efforts (in %) “ 

 
 New products 

Development 
Enhancement of 

Existing products  
Period 1   
Period 2   
Period 3   
Period 4   
Period 5   

 

5.6.4 Conduct Research 
Following the pilot study, in-depth structured interviews were conducted in order 

to ensure uniformity in the way the responses were interpreted. The use of a one 

interviewer minimized the potential for misinterpretation errors. On the other hand, the 

possible concern of researcher bias was partly addressed by close interaction and frequent 

discussions between the interviewer and his research partners. In addition, a single person 

was in charge of coding the questionnaires in order to avoid a possible inter-coder bias.  

The interviews were held with executives at the level of CEO/Chair or senior VP 

who had been involved with their firms since inception (or almost since inception) so as 

to enable them to provide detailed information on their firm's development over time25.  

Following the coding of the data, the results were compared with secondary data 

sources available on the firms (the Dolev and Abramovitz database, web-sites of the 

firms, stock exchange data, and financial newspaper archives) for verification and to 

                                                 
25 We have controlled for the effect of the specific function of the interviewees in our empirical analysis 
(see below).  
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complete missing data. This comparison was restricted only to available data such as 

sales, financial rounds, product releases, etc.  

5.6.5 Measures 
The variables required for the current study and their measures are detailed in Table 4. 

Table 4: Description of variables and measures 
 

Variable name Variable description Measure Notes 
Exploration Intensity Innovation based on new 

technological knowledge  
(per firm period) 

(Pi=R&D* X i=R&D)/ΣX i, 
where ΣX i is the total 
number of employees 
in the firm and Pi=R&D 
is the percentage of 
exploration in R&D 
activities  
 

Respondents were asked 
to identify the share of 
firm knowledge that is 
"new R&D capabilities to 
the organization" and that 
which is an 
"enhancement of existing 
R&D capabilities ". The 
two values sum to 100%.  

Industry phase  1 - Introduction phase 
2 - Growth phase 
3 - Maturity phase 
4 - Decline phase 

Computed according to 
interviewees' own 
classification (according 
to industry growth rates 
and intensity of 
competition).  

Industry Industry classification of 
firms within the Hi-Tech 
sector  

 The firms in our sample 
belonged to 17 industries 
within the Hi-Tech sector 

Market position  Either component or total 

solution (per firm period) 

1 - component  

0 – total solution 

Computed according to 

firms' own classification.  

Interviewee type Type of interviewee  15 interviewee types 
were used (e.g. CEO, 
CFO, CTO, founder) 

Ln_Sales  LAN of Sales (in Billion 
$US) at the end of each firm 
period  

Number 
 

Based on firms' financial 
reports.  

Emp_Sales Sales (in Billion $US) at the 
end of each firm period 
divided by the total number 
of employees 

Number 
 

Based on firms' financial 
reports.  

Firm period Strategic period of firm 
operation 

3 to 5 periods per 
firm 

Based on firms' own 
reports. 

Year Mid-year of  firm period i i =1-5 Based on firms' own 
reports. 

AGE  Age of firms at the end of 
each firm period  

Number   

Number of Employees Average number of 
employees at the end of 
each firm period  

Number  Based on firms' financial 
reports.  

MARKET Market size at the end of 
each firm period 

Number 
(Billion $US) 

Based on firms' own 
reports. 
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5.6.5.1 Dependent Variables 
The interviewees were asked to report the percentage of human resources enrolled 

in each function (R&D, production, marketing, and administration) in each firm period 

(in the development of the firm). In addition, the interviewees identified the distribution 

of explorative knowledge (i.e. new technological knowledge to the organization) and 

exploitative knowledge (i.e. enhancement of existing technological knowledge) in their 

R&D activities, based on the allocation of employees to the creation of new technology 

or enhancement of existing technology in each of the firm development periods. Thus, 

the total share of explorative and exploitative activities sums to 100%. In order to reflect 

the level of exploration at the firm level (hereafter - Exploration Intensity) we multiplied 

that share of R&D employees employed in the creation of new knowledge by the 

percentage of human resources enrolled in R&D activities. Such weighting is important 

since, even if all R&D employees are engaged in exploration of technological knowledge, 

firm level exploration is likely to be different when a small or a large fraction of the 

employees are R&D staff. Overall, the measures of exploration and exploitation provide 

an objective measure that captures the two constructs on a given continuum (Levinthal 

and March, 1993; Lewin, et. al., 1999).   

 

In the current study, we specifically refer to the relative share of each type of 

technological knowledge (new knowledge development vs. enhancement of existing 

knowledge) exercised by firms. This approach is consistent with Levinthal and March 

(1993) and has the advantage of enabling us to follow March's (1991) definitions of 

exploration and exploitation by measuring the source of technological knowledge in 
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organizations. It can also be used across industries without bearing the limitations of 

patent citation measures.  

Following Helfat, et al., (2007), firm growth is used in this study as a performance 

measure for knowledge intensive firms (see also Singh and Mitchell, 2005). We 

measured firm growth with two measures. One referred to the LAN of firm sales (in 

$Billion US) at the end of each firm period (Ln_Sales) and the other to the sales per 

employee (Emp_Sales) at the end of each firm period. These measures enable us to 

observe the difference in firm sales between successive firm periods as well as the change 

in sales normalized by the number of employees. Common accounting-based 

performance measurements combine profitability and growth. While profitability 

measurements (such as Return on Sales, Return on Assets and Return on Investment) are 

robust measures for value creation in large established corporations, they may not be 

appropriate measures for relatively small and young firms. This is because such firms 

direct many of their resources to new product development (Hart, 1995; Lee, et. al., 

2001) and have their evaluations derived from capitalization of future sales growth (either 

organic growth or through potential mergers and acquisitions). Moreover, extant research 

suggests a trade-off between pursuing profitability and sales growth during the same firm 

period (e.g. Murphy, et. al., 1996; Robinson and McDougall, 1998), thus further 

indicating that, in the current context, sales growth is the appropriate measure of 

performance. Finally, stock market valuation is not useful for our study, since we analyze 

firms that have not gone through an initial public offering (IPO) in most of the analyzed 

firm periods.    
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5.6.5.2 Independent Variables 
For each firm period, the interviewees were asked to identify their industry phase 

from among four alternatives: introduction, growth, maturity and decline. This 

identification was based on industry growth rates and intensity of competition for the 

designated firm period. The ILC measures were used as dummy variables in the 

regression analysis. In this respect, it is noteworthy that, when referring to a firm's 

industry, we do not necessarily refer to the 3 or 4 digit Standard Industrial Classification 

(SIC)26 but rather refer to a finer grained competitive industrial setting that contains the 

immediate competitors of the firm (McGee and Thomas, 1986, 1992; McGee, et. al., 

1995). These competitors are expected to be those offering similar or alternative products 

(Stigler and Sherwin, 1985). As previously mentioned, we find such a classification in 

Dolev and Abramovitz list of Isareli hi-tech firms.  

The industry phase measure represents the retrospective perception of executives 

regarding the phase their industry was at during each firm period in accordance with the 

observation of Abernathy and Utterback (1978) that ILC phases are rarely identified 

while they occur. We argue that, in the current context, the perception of industry phase 

might be more important than the actual phase according to "objective" measures of 

industry development. Due to reasons of incomplete information and bounded rationality 

(March and Simon, 1958), managerial decision making is often based on subjective 

interpretations of phenomena (Daft and Weick, 1984) such as environmental conditions. 

The organizational literature highlights perceptions of competition within the industry as 

a central factor in shaping the social economic environment (Reger and Huff, 1993; Porac 

and Thomas, 1994; Porac, et. al., 1995; Peteraf and Shanley, 1997; Greve, 1998; 

                                                 
26

  This type of classification was shown to be problematic in several studies (e.g. Nayyar, 1992; Stimpert and Duhaime, 1997).  
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McNamara, et. al., 2002). By developing a "mental model" that is objectified and 

institutionalized "through devices such as trade associations, specialized publications and 

a particular language for describing local ecological conditions" (Porac and Thomas, 

1990:236) the managers of firms may obtain and maintain an interpretation of the social 

economic reality, such as their ILC phase.  

It is noteworthy that, while the firms in the sample belong to 17 industries (or 

industrial segments) (see details below), only a negligible number of the sampled firms 

are actually competing in the same industry segments. Thus, we were unable to assess the 

reliability of managers' industry phase designations by comparing all the designations 

given to a given time period by competitors from within the same industry. For instance, 

two firms belonging to the medical devices industry can engage in two different and 

unrelated medical applications (laser treatment vs. inner body intervention systems) 

making the industrial affiliation of "medical devices" irrelevant in terms of their 

perceived industry phase. However, in order to test the reliability of the industry phase 

classifications, we ran a pooled Ordinary Least Squares (OLS) regression where the 

existence of a dominant design in the industry (as reported by the interviewees and cross 

checked with secondary sources such as industry reports) was the dependent variable and 

industry phases were the independent variables. Results were highly significant, 

indicating that the likelihood of a dominant design existing is higher in the maturity phase 

than in the growth phase and is similarly higher in the growth phase than in the 

introduction phase. 

In addition, the interviewees reported their product type (a component sold to 

integrators and original equipment manufacturer (OEM) customers or a solution sold to 
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end consumers) per firm period. This measure was used as a binary dummy variable in 

the regression analysis. 

5.6.5.3 Control Variables 
We controlled for the possible effects of several variables. Firm period of 

operation (in the context of the development of the firm) was one such variable, as firms 

are likely to change their level of exploration as they mature independently of industry 

evolution. Another control variable was market size at each firm period. The latter 

variable was selected to control for the possible endogeneity between industry phase and 

its resulting absolute market size and firm sales (as explained in the methods sub-section 

below – give number of section).    

  

5.6.6 Data Coding 
Since our dataset contains multiple firm period observations per firm, we used 

two types of models to test our hypotheses: a pooled Ordinary Least Squares (OLS) 

regression and a fixed within-effect model. 2SLS Pooled OLS regression models were 

used to test between observed effects in order to capture the level of exploration in 

different industry phases.  

The pooled OLS regression was estimated using the cluster method, which 

corrects for deviation in standard errors. The cluster method assumes that there is a 

correlation between observations of specific groups (firms, in our case). Incorporation 

into a cluster implies that the observations are independent across groups (firms), but not 

necessarily within groups. It calculates the variance in standard error for each firm 

separately and hence corrects for the possible deviation in standard error terms. It is 
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noteworthy that clustering affects the estimated standard errors and variance-covariance 

matrix of the estimators (VCE), but not the estimated coefficients.  

The fixed effect models served to explain within-firm variation in the level of 

exploration rather than inter-firm variation and we used them to test whether specific 

firms changed their level of exploration when moving from one ILC phase to another. 

Both the pooled OLS regression and a fixed within-effect model were then used to 

capture the impact of between-firm and within-firm differences in the level of exploration 

on the sales and sales per employee (Ln_Sales and Emp_Sales, respectively) of the 

analyzed knowledge intensive firms.  

 

We ran a Two Stages Least Squares (2SLS) model (Jaccard and Wan, 1996; 

Kmenta, 1986) for panel data where, in the first stage, the relationship between industry 

phase and the level of exploration was established and, in the second stage, the 

relationship between the level of exploration and firm sales (as well as sales per 

employee) was investigated. We used dummies for industry phases as the instrumental 

variables (Kmenta, 1986) for exploration intensity in the first stage of the regression and 

then used the estimation of the first stage to analyze the relationship between Exploration 

Intensity and firm sales (in terms of Ln_Sales and Emp_Sales) in the second stage.  

2SLS is an instrumental variables estimation technique which extends the 

independent variables idea to a condition where one has more instruments than 

independent variables in the model. It has been used in cases in which the disturbance 

term of the dependent variable is correlated with the causes of the independent variables. 

A 2SLS model may be used as an alternative to maximum likelihood estimation in 
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estimating path parameters of non-recursive models with correlated error between the 

endogenous variables in structural equation modeling. While 2SLS models are usually 

used to correct for endogeneity (Jaccard and Wan, 1996; Kmenta, 1986), in the current 

case they were only used to establish the relationship between industry phase and the 

Exploration Intensity of the firms in the sample (in the first stage) and to establish the 

relationship between Exploration Intensity and the sales measures (in the second stage). 

We first checked the direct relationship between Exploration Intensity and the sales 

measures and found it to be insignificant. Then we used the 2SLS procedure to show that 

the estimated Exploration Intensity, as predicted by industry phase, has a significant 

relationship with the firm sales measures. This implies that only when firms adapt their 

level of Exploration Intensity to their industry phase does exploration intensity have an 

impact on firm sales (and sales per employee).     

 

We also ruled out the theoretical possibility for endogeneity between industry 

phase and firm sales by controlling for market size. Since average market size and, hence, 

also average firm sales are likely to increase over the analyzed ILC phases (introduction 

to maturity), controlling for the absolute market size in each firm period enabled us to 

neutralize the impact of such a direct relationship. Additionally, Wooldridge (2002) tests 

were performed to rule out concerns regarding potential serial autocorrelation. According 

to Baltagi (2001), most of these tests for serial correlation in the existence of random and 

fixed effects make specific assumptions about the nature of the individual effects or test 

for the individual-level effects (see also Baltagi and Wu, 1999).Yet, because the 

Wooldridge test is based on a smaller number of assumptions, it should be less powerful 
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than other more parameterized tests, but it should be more robust. While the robustness of 

the test increased it attractiveness, it is vital to confirm that it has good size and power 

properties under these weaker assumptions. In the current testing, all average Variance 

Inflation Factors (VIF) were considerably lower than the critical value of 10 (Neter, 

Wasserman and Kutner, 1990), thus ruling out potential multicollinearity suspicions.  

 
 

5.7 Results 
 

5.7.1 Descriptive Statistics 
Descriptive statistics of the major variables, presented in Table 5, show that the 

firms in our sample are fairly young and relatively small to medium-sized in terms of 

number of employees and sales. It is also evident from Table 5 that technological 

activities dominate in terms of human resources allocation (on average, 73% of the 

employees are enrolled in R&D activities) and that Exploration Intensity averages around 

50% (while reducing throughout firm periods 1 to 5). Table 5 further indicates that, on 

average (for all firm periods), about 27% of the firms operate in the introduction phase, 

about 55% in the growth phase, where the remaining 18% operate in the maturity phase. 

None of the firms operate in industries in decline. Finally, the distribution of firms across 

industries is as follows: Capital Equipment (23%), Medical Devices (21%), 

Telecommunications (17%), Enterprise Software (11%), Storage and Data Centers (6%), 

Home Networking and Homeland Security (5%), Multimedia and Broadcasting (4%), as 

well as Cellular, Chip Design, Internet, Biotech and Electronics (13%).  
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Table 5: Descriptive Statistics 

Variable All 
Firm 

period 1 
Firm 

period 2 
Firm 

period 3 
Firm 

period 4 
Firm 

period 5 Min Max 
         

 Exploration Intensity  0.46 0.78 0.43 0.30 0.27 0.29 0 1 
 (0.3) (0.2) (0.3) (0.2) (0.2) (0.2)   

 Share of R&D employees 0.73 0.85 0.75 0.67 0.60 0.57 0 1 
 (0.2) (0.2) (0.2) (0.2) (0.2) (0.2)   
 Introduction phase (share of 
firms)  0.27 0.54 0.30 0.12 0.07 0.00 0 1 
         
 Growth phase (share of 
firms) 0.55 0.42 0.59 0.62 0.57 0.58 0 1 
         
 Maturity phase (share of 
firms)* 0.18 0.04 0.11 0.26 0.37 0.42 0 1 
         
 Market size (in Billion 
$US)  3 3 3 3 3 4 0 100 
 (15) (14) (14) (15) (16) (18)   

 Sales (in Billion $US)  0.03 0.002 0.01 0.03 0.06 0.12 0 1 
 (0.1) (0.01) (0.0) (0.1) (0.1) (0.2)   

 Number of products  7.34 1.49 3.76 7.99 17.28 24.55 0 300 
 (19.9) (1.6) (5.2) (13.8) (38.1) (41.0)   

 Firm age  5.67 1.37 4.33 7.11 10.57 13.74 0 35 
 (5.2) (1.3) (2.8) (3.9) (5.5) (7.2)   

 Number of employees  130.57 33.91 84.39 139.89 264.09 435.03 2 3800 
  (369.0) (70.2) (242.4) (359.6) (534.3) (792.1)     
Average firm period length 
(years) 2.89 3.23 2.72 2.88 2.61 2.35 1 16 

 (2.0) (2.4) (1.8) (1.9) (1.9) (1.1)     

 N  541 147 147 141 76 31   
         
In parentheses - standard deviation         
* none of the firms reported having reached the decline 
phase  
       

 

Basic correlations between the variables are presented in Table 6. Major 

correlations are observed between alternative size measures (number of employees and 

sales). In addition, sales, number of products, age and number of employees all 
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negatively correlate with exploration intensity and the share of R&D employees. This 

implies that the larger, older and more diverse (in terms of the number of products 

produced) the firms in our sample are, the less explorative and less technologically 

abundant they are. It is also evident that older firms tend to produce a larger variety of 

products. 

 

Table 6: Pearson Correlations 

 

 
 Share of 
R&D 
employees 

 
Explorati
on 
Intensity   

Introdu
ction 
phase  

 Growth 
phase  

 Maturity 
phase  

 Market 
Size  

 Sales  
 Number 
of 
Products  

 Age  

 
Exploration 
Intensity  

0.61***         

 
Introductio
n phase 

0.28*** 0.37***        

 Growth 
phase 

-0.08  -0.13** 
-
0.67*** 

      

 Maturity 
phase 

-0.22*** -0.26*** 
-
0.29*** 

-0.52***      

 Market 
Size  

0.00 0.03 -0.10** 0.08 0.02     

 Sales  -0.28*** -0.22*** -0.15** 0.01 0.15** 0.01    

 Number of 
Products  

-0.21*** -0.21*** -0.15** 0.06 0.10* -0.04 0.23***   

 Age  -0.39*** -0.46*** 
-
0.33*** 

0.13** 0.21*** 0.08 0.41*** 0.55***  

 Number of 
Employees  

-0.31*** -0.22*** 
-
0.14*** 

-0.03 0.20*** 0.01 0.86*** 0.19*** 
0.39*
** 

Notes: *** statistically significant at 0.1%; ** statistically significant 
at  
1%. 
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Table 7 presents the results of pooled OLS and fixed effect regressions, which 

show that there is no significant relationship between Exploration Intensity and our firm 

sales measures. This implies that there is no direct relationship between Exploration 

Intensity and firm sales.  

The results of our panel data model regressions are presented in Tables 8, where 

we present the 2SLS regression results (first and second stages) with and without the 

control variables, in order to ensure the robustness of our results. Table 9 presents a 

pooled OLS and fixed effects model with the combined effect of industry phase and 

product type on exploration intensity.    

 

Models for Table 7: 

1-2: Ln_Salesfp=β0+β1Exp_Intensityfp+β2Exp_Intensity_Suaredfp+ x’β* 

3-4: Emp_Salesfp=β0+β1Exp_Intensityfp+β2Exp_Intensity_Suaredfp+ x’β 

5-6: Ln_Salesfp=β0+β1Exp_Intensityfp+β2Exp_Intensity_Suaredfp+ x’β+αf 

7-8: Emp_Salesfp=β0+β1Exp_Intensityfp+β2Exp_Intensity_Suaredfp+ x’β+αf 

*(x’β includes firm period2-firm period5 dum_growth dum_maturity Market Size, year, interview, industry type, 
firm age) 
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Table 7: Exploration Intensity and Firm Sales 

 

 
Pooled Ordinary Least Squares 

Regression Fixed Effects 

  Ln_Sales Emp_Sales Ln_Sales Emp_Sales 

  (1) (2) (3) (4) (5) (6) (7) (8) 

 Constant  0.59 0.62 -9.54*** -9.52***  0.17 0.17 -9.65*** -9.65***  
  (0.46) (0.45) (0.27) (0.27) (0.28) (0.26) (0.23) (0.23) 

 Exploration Intensity  -0.08 -0.27 -0.53 -0.65 -0.93 -0.93 -1.00 -1.00 
  (1.30) (1.27) (0.95) (0.95) (0.71) (0.71) (0.84) (0.85) 

 Exploration Intensity Squared -1.46 -1.30 -0.45 -0.35 0.16 0.16 0.46 0.46 
  (1.31) (1.31) (1.04) (1.05) (0.73) (0.73) (0.85) (0.85) 

 Growth  0.56 0.51* 0.49** 0.46** 0.19 0.19 0.04 0.04 
  (0.28) (0.28) (0.20) (0.20) (0.18) (0.18) (0.17) (0.17) 

 Maturity  0.54 0.47 0.43 0.39 0.13 0.14 0.03 0.03 
  (0.36) (0.37) (0.23) (0.23) (0.21) (0.21) (0.20) (0.20) 

 Firm period 2 0.39 0.41 0.08 0.09 1.11*** 1.11***  0.53** 0.53** 
  (0.27) (0. 27) (0.2) (0.2) (0.18) (0.18) (0.17) (0.17) 

 Firm period 3  1.25*** 1.27***  0.54* 0.55** 2.18*** 2.18***  1.11** 1.11** 
  (0.35) (0.35) (0.24) (0.24) (0.22) (0.22) (0.19) (0.19) 

 Firm period 4  1.87*** 1.91***  0.84***  0.86***  2.81***  2.81***  1.46***  1.46***  
  (0.37) (0.37) (0.25) (0.25) (0.24) (0.24) (0.21) (0.21) 

 Firm period 5  2.71*** 2.71***  1.17***  1.17***  3.25***  3.25***  1.61***  1.62***  
  (0.41) (0.43) (0.28) (0.25) (0.25) (0.26) (0.23) (0.23) 

 Market Size   13.02  7.93***  0.13  1.31 
   (9.71)  (2.36)  (3.45)  (3.26) 

 No. of Observations 443 443 443 443 443 443 443 443 

 R2 0.34 0.35  0.29  0.28  0.73  0.73  0.45 0.45  
         
Notes: *** statistically significant at 0.1%,** statistically significant at 1%, * statistically significant at 5%, 
In parentheses – Standard Errors (in the pooled OLS regressions, corrected for firm cluster)  

The coefficients of the first stage pooled OLS models in Table 8 (models 1-4) 

indicate that Exploration Intensity reduces upon transition from the introduction phase 

into the growth phase (see the 'Growth' row in Table 8) and reduces again upon transition 

from the growth phase into the maturity phase (see the 'Maturity' row in Table 8), thus 

supporting Hypothesis 1.  
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This result remains robust when controlling for firm periods (as indicated by the 

value of the coefficients in later firm periods27), with firms' exploration intensity further 

decreasing through subsequent firm periods, and for market size (which has a positive 

effect on exploration intensity). The difference between the coefficients of the growth 

and maturity dummies is also significant (all F-values are equal to or greater than 6.89), 

indicating that firms' exploration intensity is indeed lower in the maturity and growth 

phases and is not only lower compared to the introduction phase. As noted in Chart 4, 

which depicts these results graphically, the decrease in Exploration Intensity is greater 

between the growth and maturity phases than between the introduction and growth 

phases. R square values reach up to 0.22 and all F-values (of the whole regression) are 

statistically significant at p<0.1.  

 

                                                 
 27

 Since periods 1 and 2 almost always referred to identical industry phases for the firms in our sample, we 
unified them for the purpose of the analyses conducted in Tables 8. In subsequent runs, we excluded the 
observations of period 1 from the analysis in order to check the robustness of our results (see Table 8 and 
9). As noted in the tables, the results remained robust in all cases.   
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Chart 4: Mean Exploration Intensity and Confidence Interval Throughout the ILC 

 
 

 
= Mean Exploration Intensity 
= Confidence interval of Exploration Intensity 
 

 

The coefficients of the second stage pooled OLS models in Table 8 (models 5-8 

for Ln_Sales and models 9-12 for Emp_Sales) indicate that there is a negative 

relationship between exploration intensity (as estimated by the first stage) and levels of 

sales and sales per employee. These results imply that, on average, firms that have a 

lower Exploration Intensity at more mature phases of the ILC have greater sales and sales 

per employee than other firms, which is consistent with the premise of Hypothesis 2. The 

results remain robust when controlling for firm periods, with firms' sales and sales per 

employee increasing between subsequent firm periods, and for market size (which is not 

significant). All F-values (of the whole regression) are statistically significant at p<0.1%.  
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Models for Table 8:  

1-4: Exp_Intensityfp =β0+β1Growthfp+β2Maturityfp+ x’β* 

5-8: Ln_Salesfp=β0+β1Exp_Intensityfp 

9-12: Emp_Salesfp=β0+β1Exp_Intensityfp 

*(x’β includes firm period2-firm period5 Market Size, year, interview, industry type, firm age) 
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and Firm Sales Industry Phase, Exploration Intensity - Table 8 
Stage Least Squares Model-Results of Pooled Ordinary Least Squares Regressions using a Two 

 
  First Stage - Exploration Intensity Second Stage -  Ln_Sales Second Stage- Emp_Sales 
  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

Constant 0.58*** 0.61*** 0.46*** 0.46*** 4.38*** 3.3*** 3.09** 2.87** -7.4*** -7.65*** -7.99*** -8.14*** 

  (0.03) (0.03) (0.04) (0.04) (0.5) (0.98) (1.1) (1.06) (0.32) (0.69) (0.75) (0.7) 

Exploration Intensity      -6.92*** -5.24** -5.29* -4.84* -4.24*** -3.83** -3.70* -3.38* 

       (1.13) (1.81) (2.79) (2.7) (0.77) (1.3) (1.9) (1.8) 

Growth -0.21*** -0.14*** -0.1** -0.1**             

  (0.04) (0.04) (0.05) (0.05)             

Maturity -0.29*** -0.2*** -0.15** 
-

0.16***             

  (0.04) (0.04) (0.05) (0.05)             

Firm period 3   -0.17*** -0.06** -0.06**   0.37 0.61** 0.65**   0.01 0.30 0.32 

    (0.02) (0.02) (0.02)   (0.44) (0.3) (0.3)   (0.31) (0.21) (0.21) 
Firm period 4   -0.18*** -0.08** -0.07**   0.94** 1.18*** 1.24***   0.25 0.55** 0.59** 

    (0.03) (0.03) (0.03)   (0.47) (0.36) (0.35)   (0.33) (0.25) (0.24) 

Firm period 5   -0.15*** -0.05 -0.05   1.87*** 2.12*** 2.13***   0.66** 0.96*** 0.97*** 

    (0.04) (0.04) (0.04)   (0.47) (0.39) (0.4)   (0.33) (0.26) (0.26) 
Excluding Firm 

period 1    + +    + +    + + 

 Market Size      1.25**     18.38     12.8** 
      (0.6)     (12.76)     (4.43) 

 F test  
(Maturity=Growth=0)  29.8 10.7 6.6 6.9                 

 F value  29.84*** 36.42*** 7.67*** 6.89*** 37.19*** 46.67*** 25.48*** 21.16*** 29.96*** 24.99*** 13.97*** 11.75*** 
No. of observations+ 443 443 362 362 443 443 362 362 443 443 362 362 

R2 0.14  0.22  0.09  0.09          
Notes: *** statistically significant at 0.1%,** statistically significant at 1%, * statistically significant at 5%,     

In parentheses – Standard Errors (corrected for firm cluster); +number of observation<541 due to missing values; Ln Sales and Emp_sales, see Appendix Table 1. 



Table 9 presents the combined effect of industry phase and product type on exploration 

intensity. The table presents the results of pooled OLS (models 1-6) and fixed effects models (7-

10) testing the moderating impact of product type on the relationship between ILC phase and 

exploration intensity. The table presents the interactions between industry phase and product 

type as measures for the moderating effect of product type on the industry phase-exploration 

intensity relationship. An analysis of the value and sign of the relevant coefficients in Table 9 

reveals that exploration intensity is maximal for component producers in the introduction phase 

and reduces along the ILC (the partial coefficients of all interaction coefficients are negative and 

become increasingly negative in the growth and maturity phases). Table 9 indicates that the 

reductions in exploration intensity are greater for solution providers than for component 

producers. In addition, the most significant reductions are observed for solution providers 

operating in the growth or maturity phase. T-tests of the interactions of exploration intensity with 

product type reveal that such differences are significant for comparisons between "growth-total 

solution" and "growth-component" (p<.01), between "maturity-total solution" and "maturity-

component" (p<.01), between "growth-total solution" and "fluid–total solution" (p<.05) and 

between "maturity-total solution" and "growth-total solution" (p<.05). Overall, these results 

support Hypothesis 3a, since component producers are shown to have greater levels of 

exploration intensity (as manifested by the value of their partial coefficients) over the ILC. The 

results further support Hypothesis 3b, as the reduction in exploration intensity between all 

industry phases is greater for solution providers than for component producers (albeit significant 

only for the growth and maturity phases). Using the data in Table 9, Chart 5 schematically 

portrays these two findings. The chart illustrates that exploration intensity is greater for 
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component producers than for solution providers and that the reduction in exploration intensity 

between industry phases is sharper for solution providers than for component producers. These 

results remain robust also when controlling for firm development periods (technological 

exploration intensity reduces over the periods8). Other control variables are insignificant and R 

squares are quite high (up to 0.59).  

Chart 5: Industry Evolution, product type and change in exploration intensity 

 
 

Models for Table 9:  

1-6: 

Exp_Intensityfp=β0+β1Growth_Componentfp+β2Maturity_Componentfp+β3Introduction_Tot_solu

tion+ β3Growth_Tot_solution+ β4Maturity_Tot_solution+ x’β*  

7-10: 

Exp_Intensityfp=β0+β1Growth_Componentfp+β2Maturity_Componentfp+β3Introduction_Tot_solu

tion+ β3Growth_Tot_solution+ β4Maturity_Tot_solution+ x’β+αf  

*(x’β includes firm period2-firm period5, Market Size, year, interview, industry type, firm age) 

Total solutions

Components

Industry 
Phase 

Relative level 
of exploration 
intensity  

Introduction Growth Maturity 
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Table 9: Exploration intensity, industry phase and product type 

  Pooled OLS (1-6) Fixed Effect (7-10) 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

 Constant  0.67*** 0.85*** 0.85*** 0.85*** 0.65*** 0.61*** 0.71*** 0.81*** 0.81*** 0.81*** 

  (0.03) (0.04) (0.04) (0.04) (0.05) (0.06) (0.06) (0.04) (0.04) (0.04) 

 Growth-Component  -0.19*** -0.04 -0.05 -0.04 -0.02 -0.03 -0.25*** -0.03 -0.03 -0.03 

  (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.04) (0.04) (0.04) 

 Maturity-Component  -0.26*** -0.08 -0.09 -0.09 -0.07 -0.07 -0.39*** -0.05 -0.05 -0.05 

  (0.06) (0.05) (0.05) (0.05) (0.05) (0.05) (0.08) (0.07) (0.07) (0.07) 
 Introduction-Total 
solution  -0.03 -0.05 -0.05 -0.05 -0.07 -0.08 0.09 0.04 0.03 0.04 

  (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) (0.08) (0.06) (0.06) (0.06) 

 Growth-Total solution  -0.24*** -0.09* -0.10* -0.09* -0.09* -0.10* -0.49*** -0.14*** -0.14*** -0.14** * 

  (0.04) (0.04) (0.04) (0.04) (0.04) (0.04) (0.05) (0.04) (0.04) (0.04) 

 Maturity-Total solution  -0.39*** -0.14*** -0.15*** -0.14** -0.19** -0.13** -0.65*** -0.19*** -0.19** * -0.19*** 

  (0.04) (0.04) (0.04) (0.04) (0.04) (0.05) (0.06) (0.06) (0.06) (0.06) 

 Firm period 2    -0.33*** -0.33*** -0.33*** -0.33*** -0.33***   -0.33*** -0.32*** -0.33*** 

    (0.03) (0.03) (0.03) (0.03) (0.03)  (0.02) (0.02) (0.02) 

 Firm period 3    -0.44*** -0.43*** -0.43*** -0.43*** -0.43***   -0.43*** -0.43*** -0.43*** 

    (0.03) (0.03) (0.03) (0.03) (0.03)  (0.03) (0.03) (0.03) 

 Firm period 4    -0.45***  -0.45** -0.47***  -0.44***  -0.44***    -0.44***  -0.44***  -0.46***  

    (0.03) (0.03) (0.03) (0.03) (0.03)  (0.04) (0.04) (0.04) 

 Firm period 5    -0.42*** -0.49*** -0.39*** -0.4*** -0.4***   -0.42*** -0.42*** -0.43*** 

    (0.04) (0.04) (0.04) (0.04) (0.05)  (0.05) (0.05) (0.05) 

 Market Size      1.24 1.27 1.01 1.05     0.36 0.50 

      (0.71) (0.72) (0.86) (0.88)   (2.14) (2.17) 

 Sales        -0.26** -0.23** -0.17**       0.07 

        (0.09) (0.08) (0.08)    (0.15) 

 Industry  - - - - + +     
 Interviewee type  - - - - -  +         
Year - - - - -  +     

 Difference between 
Maturity-Total solution 
and Growth-Total 
solution1 0.000 0.031 0.042 0.093 0.015 0.022 0.000 0.019 0.019 0.018 

Observations 541                  

Number of firms  147          

R2 0.19  0.47  0.47  0.48  0.51  0.52  0.30  0.59  0.59  0.59  

Notes: *** statistically significant at 0.1%, ** statistically significant at 1%, * statistically significant at 5%, 
In parentheses – Standard Errors (in the pooled OLS regressions, corrected for firm cluster)  
1 - Probability of rejecting the null hypothesis that the parameters of Maturity - Total solution and Growth - Total solution are equal. 
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To further test the robustness of our results, we conducted several tests. First, we used 

year dummies instead of firm periods. The results did not change, with exploration intensity 

essentially reducing over the years (first stage regression) while sales and sales per employee 

increased (second stage regression). We further controlled for industry effects on the level of 

exploration intensity, sales and sales per employee, since these measures are likely to vary in 

different industrial contexts, but obtained the same effects as in the regressions presented in 

Tables 8-10. Finally, we controlled for interviewee type as well as the number of products each 

firm produced and still did not obtain different results.  
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6  Discussion and Conclusions 

6.1 The Concept of Dynamic Capabilities 

  
The dynamic capabilities concept (Teece, et al., 1997) has extended the resource-based 

view of the firm (Wernerfelt, 1984; Barney, 1991; Peteraf, 1993) by addressing the evolutionary 

nature of firm resources and capabilities in relation to changes in their competitive environments. 

Offering an explanation for organizational adaptation and long-term competitive advantage, this 

conception suggests that, while operational capabilities are central to a firm's capacity to “earn a 

living” in the present (Winter, 2003), dynamic capabilities concern change and thus relate to long 

term sustainability and performance (Helfat, et al., 2007).  

The term ‘dynamic’ refers to the ability to renew competences and achieve 

correspondence with the changing environment (Collis, 1996; Teece, et al., 1997). The term 

‘capabilities’ refers to “an organizational ability to perform a coordinated task, utilizing 

organizational resources, for the purpose of achieving a particular end result” Helfat’s (2003:1). 

Overall, Helfat, et al., (2007:2) claim that “the concept of dynamic capabilities includes the 

capacity with which to identify the need or opportunity for change, formulate a response to such 

a need or opportunity, and implement a course of action. 

Wiggins and Ruefli (2005) showed that the average period during which firms sustain their 

competitive advantage has decreased over time. In environments where structural changes are 

frequent, reliance solely on protective ex-post strategic actions may be insufficient. Such 

dynamic competitive environments demand an initiated "pre-failure" mechanism that generates 

organizational development processes targeted not only at protecting the current value created by 
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the firm, but also at exploring new knowledge sources or new ways of action (Simon, 1993). 

Based on this logic, we suggest that dynamic capabilities constitute two different, yet 

complementary, types of strategic actions: problem-solving actions and anticipatory actions 

(Augier and Teece , 2006)28.  

6.2 The problem-solving and anticipatory orientatio n of dynamic 
capabilities  

 

In the current work, we suggest that problem-solving and anticipatory actions are based on 

different organizational structures, decision making processes, motivations, and risk profiles, and 

have different levels of legitimacy. The role of problem-solving actions is to protect and develop 

current value creation by adapting to changes in the firm's competitive environment. As such, it 

refers to an organizational change that is initiated when the firm has already experienced, or is 

currently experiencing, a change in its competitive environment.  

The process of firm resource and capability creation, extension and modification is very 

costly and time consuming (Nelson and Winter, 1982; Barney, 1991; Helfat, et al., 2007). 

Consequently, organizational change should not be limited to a firm’s reaction to changes in its 

competitive environment (Teece, 2009), but should also include anticipating such changes and 

developing an organizational base that can enable the firm to translate expected changes into 

value creation (Schumpeter, 1942). Following this line, the role of anticipatory change is to 

leverage future environmental changes in an effort to develop new ways of creating value.  

                                                 
28

 This perception follows the suggestion of Augier and Teece (2006) that dynamic capabilities carry two different, 
yet complementary, types of strategic actions: value protecting strategic actions and value creating strategic actions. 
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In its extreme sense, an anticipatory action echoes the notion of hypercompetition 

(D’Aveni, 1994). From a less polar perspective, anticipatory action starts with proactive 

organizational search (Nelson and Winter, 1982). It therefore follows that one important attribute 

of dynamic capabilities is the “capacity with which to identify the need or opportunity for 

change, formulate a response to such a need or opportunity, and implement a course of action” 

(Helfat, et al., 2007:2) in order to “address rapidly changing environments” (Teece, et al., 1997). 

Thus, the process of organizational adaptation consists of two complementary stages. The 

first stage involves an anticipatory process of foreseeing the future course of events and 

translating this into organizational processes of change (Teece, 2007, 2009; O’Reilly and 

Tushman, 2008). Such a process is based heavily on assumptions about future states of affairs. 

Consequently, the next stage of the change process involves the ongoing alignment of the 

organizational change with the actual state of affairs. By its nature, this stage has a problem-

solving nature as it is initiated by events that have already taken place. Such a two-stage model is 

not linear, as it depends both on patterns of environmental evolution and on the extent to which a 

firm is successful in translating these patterns into value creation processes.  

While organizational change could take place either on a problem solving basis or on an 

anticipatory basis, we focused our analytical framework tests (see chapters 4–7) on 

organizational change processes driven by ex ante environmental interpretation in the effort to 

ensure the firm is as ready as possible to meet upcoming environmental conditions. We argue 

that, in order to outperform their rivals, knowledge intensive firms need to adapt their strategic 

actions to the set of competitive objectives conferred by their external environment. The reason 

for this is rooted in the impact that inherent environmental instability and change (D’Aveni, 
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1994; Brown and Eisenhardt, 1998) have on firm's strategic actions and competitiveness, such 

that knowledge intensive firms that are able to adapt correctly to their competitive environment 

should be able to outperform those that are not.  

Our findings highlight the major contribution that a firm’s capacity to anticipate 

environmental change and modify its structure in advance makes to its success. In more general 

terms, these results exemplify the impact of dynamic capabilities on sustainable competitive 

advantage. Thus, firms that encounter environmental change (e.g. in the form of industrial 

maturation) with the right organizational structure (at the technological exploration level) would 

tend to out-perform their competitors.  

 

6.3 The Micro and Meso aspects of dynamic capabilit ies  

 

Basing their theoretical framework on Nelson and Winter (1982) and Barney (1991), 

Teece, et al., (1997) emphasize mainly the idiosyncratic aspect of organizational change that 

stands at the heart of a firm's outstanding performance. Yet, in the current work, we suggest that 

a firm’s dynamic capabilities also involve common characteristics central to environmental 

selection mechanisms and a firm’s adaptation and survival. Such an extension expresses the very 

basic Darwinian notion of “survival of the fittest” which is derived both from idiosyncratic and 

common aspects. Despite the role played by environmental change in the competitiveness and 

sustainability of firms, the vast majority of the extant dynamic capabilities literature takes an 

inward looking approach. Such a focus explores the ways firms “integrate, build, and reconfigure 
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internal and external competences” (Teece, et al., 1997), leaving the common facets of dynamic 

capabilities vastly underexplored.  

Environmental selection shapes the competitive landscape in a way that retains the firms 

that fit the new setting and removes those that do not. As such, one should distinguish between 

two levels of dynamic capabilities: Micro and Meso29 (see chart 6: Micro and meso aspects of 

dynamic capabilities). While the Meso level suggests a restricted (and to some extent common) 

interpretation of strategic priorities, the Micro level suggests a more specific operational (and 

thus idiosyncratic) interpretation. 

Chart 6: Micro and Meso Mechanisms of Dynamic Capabilities 

 Type of action Main function Nature of dynamic 
capabilities 

Micro Idiosyncratic internal 

interaction  

(Nooteboom, 2009; Helfat, 

et al., 2007) 

What a firm does to enhance 

its competitive advantage 

(Teece, 2000; Zollo and 

Winter, 2002) 

(1) selection of business 

models, (2) investment decision 

criteria and choices, (3) the 

development and acquisition of 

complementary and 

cospecialized assets and, (4) 

asset orchestration activities of 

management (Teece, 2007) 

Meso Idiosyncratic and common 

components among firms in 

the same competitive 

environment 

(Eisenhardt and Martin, 

2000; Pisano, 2000) 

How a firm preserves fitness 

and survives in the light of 

changes in the environment  

(Nelson and Winter, 1982; 

Teece, 2007; Helfat, et al., 

2007) 

Changes in strategic options 

and the firm’s vision  

 

 

                                                 
29

  Here we should note that the Micro and Meso do not refer to the conventional level of analysis but to the range of 
the forces that shape firm’s evolution. 
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The extant strategic management literature has mainly emphasized the importance of 

idiosyncraticity in creating and sustaining competitive advantage. By contrast, the main thrust of 

the current research is that, in specific competitive environments, the ability of firms to change 

strategies congruently with changes to the set of strategic objectives in their competitive 

environment may be another important determinant of competitive advantage and a major 

component of firms' dynamic capabilities. Thus, in a dynamic landscape, a firm’s survival and 

prosperity rely on its capacity to select and coordinate between a multiplicity of components, 

such as market segments, technological trajectories, organizational structures, and patterns of 

resource allocation. In other words, the non-linear process of industrial evolution requires 

managers to “craft a vision and strategy, ensure the proper organizational alignments (whether it 

is for exploitation or exploration), assemble complementary assets, and decide on resource 

allocation and timing” (O’Reilly and Tushman, 2008: 15).  

 

As stated by Nelson and Winter (1982:113), "an organization is not a perpetual motion 

machine; it is an open system that survives through some form of exchange with its 

environment". In that sense, while competitive advantage is based on firm’s idiosyncratic 

resources and capabilities, firm’s survival is predominantly associated with environmental fit, 

which is derived both from idiosyncratic and common patterns of actions. While impacting 

simultaneously on firm’s evolution, these two complementary patterns of actions involve 

different evolutionary mechanisms, organizational activity, and managerial focus.   

The micro-level refers to a firm’s idiosyncratic actions and resource structures (Barney, 

1991; Zollo and Winter, 2002) and asks why firms differ in terms of their development and 
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performance. The meso-level includes also the common actions and similarities across firms that 

stand at the heart of firm’s survival and are imposed by the same competitive landscape. The 

micro approach aims at highlighting the conditions that govern the existence of differences in 

dynamic capabilities across firms. This level of analysis answers the question "How do firms 

actually execute changes in their strategic actions?" The second level focuses on the meso-level 

nature of dynamic capabilities across organizations, emphasizing processes that are similar 

across firms, and answering the question "What do firms do in light of a change in their 

competitive environment?" While the "how" dimension refers to strategic actions that are 

expected to be idiosyncratic (Barney, 1991; Zollo and Winter, 2002), the "what" dimension 

refers to strategic actions that are common, to some extent, to those taken by other firms 

operating in the same competitive environment. 

The theoretical question motivating the current research is whether firms in a given 

industry possess a distinguishable common (meso) level of dynamic capabilities and, if so, how 

this level impacts firm performance. By controlling for firm-specific effects, we demonstrate 

that, not only do firms have, on average, lower exploration levels during more mature industry 

phases, they also reduce their level of exploration (and increase their level of exploitation) when 

moving to a more mature industry phase. Our findings suggest that (1) the common strategies 

that knowledge-intensive firms take to meet the requirements of their external environment are a 

significant factor in determining their competitiveness (Aldrich, 1979; Hannan and Freeman, 

1989). (2) While idiosyncrasy is important, there are actually a multiplicity of potential common 

strategies taken by firms according to their environmental context (Astley and Van den Ven, 
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1983; Hrebiniak and Joyce, 1985) with the aim of responding to the threats and opportunities 

conferred by their environment. 

We focus our empirical tests on the systematic relationships between technological 

exploitation and exploration by firms as a derivative of industrial evolution. A key finding in this 

research is that firms change their relative levels of exploration and exploitation as their 

industry phase changes. The ability of knowledge intensive firms to adapt their level of 

exploration to changes in their ILC is crucial to improved firm survival and performance. This 

research shows that knowledge intensive firms operating in the early phases of the ILC exhibit 

relatively higher levels of exploration intensity than firms operating in later phases of the cycle. 

This finding provides support for a relationship that is widely accepted in the literature but that, 

to the best of our knowledge, has rarely been tested empirically.  

We demonstrate that the ability of knowledge intensive firms to be flexible enough to 

conduct multiple successive changes explains a large fraction of the variance in the sales growth 

rates of the analyzed firms. Focusing on firm growth as a performance measure that fits our 

sample of relatively small and young knowledge intensive firms, we find a negative relationship 

between exploration intensity and levels of sales and sales per employee. These results show 

that, on average, firms that have a lower level of exploration intensity at more mature phases of 

the ILC have greater sales and sales per employee than other firms. Furthermore, as firms 

decrease their level of exploration intensity (as a result of moving to a more mature ILC phase), 

total sales and sales per employee increase. These results imply that firm growth and growth per 

employee are greater for firms that reduce their exploration intensity in accordance with the 

maturation of their industry.  



 151

Furthermore, our results extend the extant literature by showing that the type of products 

firms produce acts as a contingency that moderates the relationship between ILC and exploration 

level. While both component producers and solution providers reduce their levels of exploration 

over the ILC, the reduction is greater for solution providers, presumably as a consequence of 

their need to diversify into a wider spectrum of activities. This diversification grants solution 

providers a higher capacity for organizational change and environmental adaptation (Tushman 

and Romanelli, 1985; March, 1991; Burgelman, 1991; Levinthal and March, 1993; Brown and 

Eisenhardt, 1998) than component producers. Due to path dependent dynamics (David, 2000; 

Arthur, 1989), the technological focus of component producers and their explorative tendency is 

expected to lead to a more rigid organizational structure and to an inferior ability to adapt to 

environmental change (Leonard-Barton, 1992).  

In the current research, we follow the theoretical proposition that the evolution and 

competitiveness of firms are based on interactions between internal and external change factors. 

We suggest that external factors set firm vision and the framework of strategic priorities30 shaped 

by the boundaries around variation, which leads to the claim that firm evolution is not a purely 

idiosyncratic process, but rather is affected by various external factors. Strategic group theory is 

the most important theoretical approach to explaining evolution by connecting its internal and 

external aspects. The main idea of this approach suggests that, within an industry, there are 

diverse groups of firms characterized by similar strategic capabilities and actions. Over time, 

such strategic groups are characterized by similar intra-group performance (Fiegenbaum and 

Thomas, 1990) and performance gaps are expected to arise only on an inter-group basis 

                                                 
30

 A framework of strategic priorities includes a multiplicity of options 
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(Ferguson et al., 2000). Yet, while the main objective of strategic group theory is to explain 

industry structure, our point of view focuses on the firm-level implications of such internal-

external relations, emphasizing the dynamic capabilities aspect. Moreover, while strategic group 

theory explains the differences (and similarities) between firms in a given industry, our 

perspective distinguishes a set of common variables that may shape the evolution of firms in one 

or more industry.  

 

6.4 Multiplicity of evolutionary paths and types of  dynamic 
capabilities  

 

Our data suggest that firms change their relative levels of exploration and exploitation as 

their industry phase changes. Furthermore, in addition to the impact of the ILC, we find that 

when predicting future changes in the relative levels of exploration and exploitation along the 

ILC one should incorporate the impact of product type. Specifically, we find that producers of 

components exhibit greater exploration intensity over the ILC than solution providers, with 

exploration intensity being at its peak for component producers operating in the fluid phase.  

These findings suggest that the evolution of a firm stems not only from its idiosyncratic 

or industrial characteristics, but also from the impact of the interaction between these two major 

aspects on the firm. Such an interaction may lead ‘similar’ firms to different evolutionary paths 

characterized by different organizational structures and strategic objectives. Moreover, different 

paths, in turn, will demand different patterns of organizational change (and types of dynamic 
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capabilities) that are consistent with internal and external characteristics and evolutionary 

patterns.   

Thus, firm evolution is nonrandom (Helfat, et al., 2007). Not only do organizations try to 

develop environmental fit, they also attempt to fit the strategies to their distinctive competencies 

(Zajac, et al., 2000). Due to their different resource characteristics and goals, different firms are 

expected to respond to the threats and opportunities in their competitive environment by making 

different strategic choices and actions. Namely, a firm’s present and future capabilities are 

imprinted by past activities and their underlying patterns (Arthur, 1989)31. As described in our 

analytical framework, while, in the early phases of the ILC, knowledge intensive firms tend to be 

highly explorative, as the industry matures this explorative focus shifts to become more and 

more exploitative. Yet, while such common strategies constitute an important layer in strategy 

making and support organizational survival as well as the achievement of outstanding 

performance, the pattern of their execution varies in terms of timing, organizational processes, 

and efficiency. In that sense, the impact of dynamic capabilities may vary across firms as do the 

impact of operational capabilities (Helfat, et al., 2007). 

Moreover, the role and nature of dynamic capabilities may alter as an outcome of firm’s 

strategic decisions, such as what path to follow. While environmental characteristics exert a 

                                                 
31 In that line, the common meaning of path dependency, which is used in the social sciences as a critical standpoint 
against traditional efficiency arguments, is that the evolution of firms does not follow the pure logic of efficiency. 
That is, successful activities associated with positive feedback loops lead to self-reinforcing processes. Such a 
process may dramatically narrow the scope of a firm’s strategic alternatives (e.g. Burgelman, 2002; Helfat, 1994). 
As explained by Mahoney (2000: 507), “path dependency characterizes specifically those historical sequences in 
which contingent events set into motion institutional patterns or event chains that have deterministic properties”. 
This perspective stresses that a firm's history defines its path towards “increasing return effects”, which, while 
stabilized, is expected to turn into a deterministic frame (Pierson, 2000). Such a state of organizational stability 
emerges from increasing returns that stem from an initial choice. 
 



 154

similar influence on the strategic actions of firms, it is somewhat within the scope of the firm to 

decide upon the environment in which it chooses to compete. Our data suggest that 37% of firms 

made at least one change in respect to their value chain position (see chart 6), which reflects a 

modification to the business models of those firms and an associated change in organizational 

structure and firm capabilities. Moreover, another finding from our analytical framework is that 

55% of the explored firms have changed the industry in which they are active at least once. Only 

22% of firms have never made any change in their competitive environment (in terms of industry 

or value chain position).  

 

Chart 7: Changes in industry and value chain position  

 Changed Industry Changed position on the 
value chain 

Never made change 45% 63% 

At least 1 change 55% 37% 

  

To summarize, our data highlight at least four evolutionary aspects that may shape the 

strategic path of a firm and that demand effective dynamic capabilities in order that the firm may 

survive and leverage these forces to its benefit. The first aspect is the internal development of the 

firm and its transformation from the entrepreneurial stage (in which it mostly focuses on new 

capabilities development) to the mature phase of an established firm. Although we did not focus 

on this aspect of organizational change, our data highlight the strong impact of this process on 

the pattern of resource allocation within the firm (see variable firm period 2–5 in tables 7–8). 

The second aspect is industrial evolution and its impact on firm development. The third aspect is 
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the persistence of a firm within a certain industry (or movement to another industry). The fourth 

aspect is the position of a firm on the value chain. To exemplify the last three aspects, one can 

think of three different evolutionary paths that could be followed by firms operating in the same 

industry (IT security, for example).  

o Firm A is a provider of IT security solutions. Founded in 1993, firm A currently employs 

more than 2,000 people globally and serves about 100,000 customers worldwide. Firm A 

signed an OEM agreement with a leading IT firm in 1994 and a distribution agreement with a 

leading hardware firm in 1995. By 1996, firm A was crowned as firewall market leader (with 

40% market share). By 2000, the company entered a new IT security segment, gaining 40% 

market share.  

o Firm B  was founded in 1996 to develop and deploy Web security solutions for the enterprise 

market. Firm B’s product provides web security to main offices, remote branches, and 

roaming users of medium to large size organizations. In 2001, the company ran into financial 

difficulties leading to changes in the company strategy. It moved away from developing 

purely software solutions to developing combined hardware and software security 

appliances. Additionally, firm B decreased its sales operations by moving to a channel sales 

model. In 2009, Firm B was sold to a large provider of Web and email content security.  

o Firm C was founded in 1999 to develop multiple-layer security technology for the file 

protection segment. Firm B's technology resides within an existing network perimeter and 

focuses around the data themselves, creating a central repository to share and store 

proprietary or confidential data. In 2005, as a result of its limited market penetration, Firm C 
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moved to the Wireless and Mobile protection segment, developing data security technology 

for wireless networks and wireless hand devices.   

The evolutionary paths experienced by the three firms stress the role that the dynamic 

capabilities of firms play in their survival and success. Moreover, these paths demonstrate the 

level of variation possible in the organizational changes executed by the firms and the 

multiplicity of types of dynamic capabilities associated with these changes. Firm A founded  its 

dynamic capabilities on vision modification (see chart 6) and anticipatory activity (for example, 

anticipating the mega growth of the Internet and entering a new market segment while 

dominating 40% of its original fast-growing segment). By contrast, firms B and C relied more on 

problem solving types of actions (such as changing the business model following financial 

difficulties (firm B) and moving to another industry (firm C)). In terms of capabilities structure, 

firms A and B started their evolution by increasing their capabilities structures from a 

technological R&D orientation to the diversified capabilities required to support a total solution 

provider business model.  

Such organizational change demands intensive development of new capabilities classes, 

such as marketing, operations, customer support, etc and involves significant changes in firm’s 

investment decision criteria and complementary assets. Penrose's (1959) theory of the growth of 

the firm, Nelson and Winter's (1982) evolutionary economics, and Barney's (1991) resource 

based view stress the fact that firm evolution is bounded by "irreversible commitments to firm 

specific resources” (Teece, et al., 1997). While a firm’s capabilities stand at the heart of its 

survival and competitiveness, replication of successful patterns has the down side of pulling the 

firm into a competence trap (Levitt and March, 1988; Leonard-Barton, 1992; Levinthal and 
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March, 1993; Burgelman, 1994). The trade off (and the balance) between specialization and the 

development of new capabilities is central to firm strategic development (Benner and Tushman, 

2002; Gupta, et al., 2006). In that line, Schreyögg and Kliesch (2007:919) claim that 

management of capabilities faces a paradoxical situation: “on the one hand, the building of a 

complex and reliable problem-solving architecture constitutes strength and allows for developing 

sustainable competitive advantages. On the other hand, this advantageous side of capabilities is, 

however, attained by (unconsciously) suppressing alternatives, pluralistic ignorance and reduced 

flexibility. Any capability therefore contains an inherent risk, i.e., the risk of rigidity and 

helplessness in the face of fundamentally changing conditions”. 

Following the big success of its strategic moves, firm A leveraged its wide capabilities 

structure and, executing successful asset orchestration activities, penetrated into a new market 

segment. This again demanded the development of a new capabilities structure both for the new 

operation and for higher level organizational coordination between the two segments. Firm B, 

however, did not succeed in its operational scale up and shrank its capabilities structure 

(decreased its sales operations) and business model while moving toward the operation mode of 

a firm focusing on technological R&D activity. While Firm A's dynamic capabilities supported 

its dramatic operational scale up, Firm B's dynamic capabilities supported the downscaling of its 

operational structure, which contributed to its merger in 2009.  

Finally, while firms A and B have experienced diversified changes in their organizational 

structures, firm C's dynamic capabilities have focused mainly on the capacity to move from one 

industry to another. Addressing this multiplicity of dynamic layers that guide firm evolution, the 

framework of dynamic capabilities represents the “effort to define managerial traits, management 
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systems, and organizational designs that will keep the enterprise alert to opportunities and 

threats, enable it to execute on new opportunities, and then constantly morph to stay on top once 

it has put the systems in place to capture the fruits of its first round of success” (Teece, 2009:87). 

In that sense, not all dynamic capabilities are of the same kind and different dynamic capabilities 

serve different goals (Helfat, et al., 2007:2).   

  

6.5 Research Limitations and Further Research 
 

Several limitations relating to our analytical framework should be borne in mind. First, 

all the knowledge intensive firms in the dataset originate from a single country. Hence, country 

specific characteristics, such as distance from target markets or the abundance of skilled 

technological labor, may affect our results. The same also applies to Israel's geographical 

distance from its main customers and competitors in the US, Europe, and South East Asia. This 

distance might also have an effect on the levels of exploration and exploitation exhibited by the 

firms we studied, as it forces Israeli firms to place more emphasis on radical innovation produced 

in-house in order to effectively compete with indigenous competitors in their target markets. 

Likewise, country specific characteristics, such as business culture or the managers' 

backgrounds, may also affect our findings. In addition, the sectoral distribution of the Israeli high 

tech sector (and hence of our sample) is biased towards specific areas such as: capital equipment, 

medical devices, telecommunications, and information technology. These sectors do not 

necessarily represent the levels of exploration and exploitation in other knowledge intensive 

sectors.  
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This study builds on executives' evaluations of industry evolution phases. We employed 

several means to ensure the reliability of such evaluations, including: 1) using a structured 

questionnaire; 2) taking care in the way the measures were constructed; 3) controlling for 

interviewee type; and 4) cross checking interviewees' observations regarding their industry phase 

against other parameters (e.g. the existence of a dominant design). However, industry level 

statistics (to determine industry phase) may certainly increase the internal validity of our results. 

Furthermore, the inclusion of annually based longitudinal data may increase the external validity 

of our findings.  

In a different vein, our theoretical model refers to four industry phases, yet we do not 

have any observations on firms operating in the "decline" phase. This is not surprising, given the 

relative young age of the Israeli Hi-Tech sector as a whole; nevertheless, our conclusions should 

be limited to the introduction, growth, and maturity phases. In addition, this study analyzes the 

impact of industrial evolution on exploration and exploitation patterns in single SBU knowledge 

intensive firms that are small to medium sized and fairly young. In this respect, caution should be 

exercised in generalizing from our findings to larger and older knowledge intensive corporations 

with multiple SBUs. Prior research suggests that small and young knowledge intensive firms are 

biased towards exploration (Rothaermel, 2001; Hill and Rothaermel, 2003), as they do not have a 

sufficient basis to exploit prior investments and existing knowledge. Our finding that the extent 

to which such firms engage in exploration is tempered by their ILC phase should be tested for 

larger knowledge intensive firms as well. 

Overall, these findings are important for researchers as well as practitioners as they 

highlight the need to incorporate the impact of product type when predicting future changes in 
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the relative levels of exploration and exploitation along the ILC. This, in turn, is likely to affect 

asset allocation and the distribution of managerial focus towards either type of knowledge 

activity and may require adapting changes in asset allocation and managerial focus to the specific 

product type. Thus, the current study opens up several avenues for future research.  

Future research should focus on analyzing the relationship between product type, the 

dynamic capabilities of the firm in the areas of exploration and exploitation, and performance. 

Ideally, such research should be performed on knowledge intensive firms based in a variety of 

countries and including larger and older firms (to enable the decline phase to be captured). 

In order to obtain a more precise view of the exact timing of exploration level changes 

along the ILC and firms' motivations for doing so, the ideas presented in this thesis should be 

tested using a case study methodology (Eisenhardt, 1989), which allows a more fine-grained 

level of analysis. Such an analysis could illuminate the degree to which firms are proactive or 

reactive in deciding on their specific strategic mode (in terms of changes in their industry phase) 

and whether firms that reduce their level of exploration early (anticipating a change in their 

industry phase) outperform or underperform firms that are relatively late in making such 

changes.   

Another research direction would be to conduct an even more fine-grained analysis and 

investigate how individual-, team- and group-level exploration and exploitation (Gupta, et al., 

2006) change along the ILC and between different product types. This line of research may be 

based on a series of case studies and should further deepen our understanding of the factors 

affecting the changes as well as the variance in exploration and exploitation at different 

organizational levels. Finally, a closer look could be taken at the lifelong impact made by the 
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development of firms on their exploration and exploitation levels (see, for instance, Greiner, 

1998), while controlling for industry phase and product type. This line of research may 

complement the current research by shedding light on firm-level generic (or semi-generic) 

factors that affect changes in exploration and exploitation over time in addition to the external 

factors that were the major focus of the current research. 
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8 Appendixes 

 
Appendix 1: Summary of theoretical frameworks of exploration and exploitation 

 

Paper Definition of exploration Definition of exploitation

March (1991)

"things captured by terms such as search, 

variation, risk taking, experimentation, play, 

flexibility, discovery, innovation" (p:71)

"includes such things as refinement, choice, 

production, efficiency, selection, 

implementation, execution" (p:71)

Levinthal and March (1993)
“pursuit of knowledge… that might come to be 
known” (p:105) 

“use and development of things already 
known” (p:105)

Koza and Lewin (1998)

"Involves innovation, basic research, invention, 

risk taking, building new ca- pabilities, entering 

new lines of business, and investments in the 

firm's absorptive capacity" (p:256)

"Is associated with increasing the 
productivity of employed capital and assets-
improving and refining existing capabilities 
and technologies, stan- dardization, 
routinization, and systematic cost 
reduction" (p:256)

Lewin, Long and Carroll (1999) 

"Searching for, identifying, and investing in new 

opportunities and has the potential to expand and 

replenish legacy. Therefore, a sustained strategy 

of exploration can be expected to yield new 

wealth creation gains and above-average returns 

in the long run".

"Directed primarily toward incremental 
improvement of existing capabilities and 
efficiency (e.g., cost reductions) and are 
represented in the firm's plans, costs, and 
revenue architecture (business model) as 
specific targets or operational goals. 
However, because exploitation adaptations 
are highly imitable, any advantages are 
likely to be short lived, as well as competed 
away".

Benner and Tushman (2003)
"radical innovations which designed to meet the 

needs of emerging customers or markets" (p:243)

"Incremental innovations which designed to 
meet the needs of existing customers or 
markets" (p:243) 

Smith and Tushman, (2005)
"Is asociated with experimentation, flexibility, 
divergent thinking, and increasing variance" 
(p:523)

"Is associated with efficiency, focus, 
convegent thinking, and reducing variance" 
(p:523). 

Jansen, Van Den Bosch and Volberda 

(2006)

"...offer new designs, create new markets, and 

develop new channels of distribution... require 

new knowledge or departure from existing 

knowledge" (P:5)

"...broaden existing knowledge and skills, 
improve established designs, expand 
existing products and services, and increase 
the efficiency of existing distribution 
channels... build on existing knowledge and 
reinforce existing skills, processes, and 
structures " (p:5)
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Appendix 2:  Empirical research of the exploration and exploitation  
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Appendix 3: Questionnaire- Israeli High-Tech Firms  

 
Name of the firm ______________________________ 
 

 
Interviewee details:. 
 
Interviewee name ___________________________________________ 
  
Interviewee position: ________________________________________   
 
Telephone:__________________________  Fax:__________________________ 
 
E-mail:____________________________________________________________ 
 

                                                                                                                             
 
Data of interview ______________________________ 
 
Interviewer name ______________________________ 

                                                                                                                 

1. Firm Establishment  
 

1.1. Year of establishment ________________________________ 

1.2. The interviewee started to work in the company at:_________                    

1.3. Please evaluate the rate of  founders & leading team expertise in the next fields at time of firm’s 

establishment 

 
               Low                     High 
                 1     2     3     4     5      If 4-5 please specify 
Bus. Dev.       ( )   ( )   ( )   ( )   ( )____________________________  
R&D             ( )   ( )   ( )   ( )   ( )____________________________              
Production      ( )   ( )   ( )   ( )   ( )____________________________  
Marketing       ( )   ( )   ( )   ( )   ( )____________________________  
Finance         ( )   ( )   ( )   ( )   ( )____________________________  

 
1.4. Please describe your initial vision 
_____________________________________________________________________________________
_____________________________________________________________________________________
________________________________________________________________ 
______________________________________________________________________________ 
 

1.5. Please specify the firm’s sources of technological knowledge at establishment 



 195

_____________________________________________________________________________________
_____________________________________________________________________________________
________________________________________________________________ 
 

1.6. Number of employees in the time of establishment 
 
R&D Marketing & 

Sales 
Production Services Other 

 
 

    

_____________________________________________________________________________________
_______________________________________________________________________ 
 

2. General 
 
2.1. What does your company do? 

_________________________________________________________________________________
_________________________________________________________________________________
_______________________________________________________________ 

 
2.2. Please divide the life span of the firm into up to 5 major periods 
 

 Period 1 Period 2 Period 3 Period 4 Period 5 
Years      

  
2.3. Period 1: 

2.3.1. Goals  and milestones: ________________________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.3.2. Strategic agreements: _________________________________________________ 
_______________ _____________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.3.3.  Driver for passing to the next period: ____________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 

 
2.3.4. Number of employees in the firm at the end of the period 
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R&D  Marketing & Sales Production Services Other 
 
 

    

 
2.4.  Period 2: 

2.4.1. Goals  and milestones: ________________________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.4.2. Strategic agreements: _________________________________________________ 
_______________ _____________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.4.3.  Driver for passing to the next period: ____________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 

 
2.4.4. Number of employees in the firm at the end of the period 

 
R&D Marketing & Sales Production Services Other 
 
 

    

 
 

2.5. Period 3: 
2.5.1. Goals  and milestones: ________________________________________________ 

___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.5.2. Strategic agreements: _________________________________________________ 
_______________ _____________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.5.3.  Driver for passing to the next period: ____________________________________ 
___________________________________________________________________________
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_______________________________________________________________ 
_____________________________________________________________________ 

2.5.4. Number of employees in the firm at the end of the period 
R&D Marketing & Sales Production Services Other 
 
 

    

 
2.6.  Period 4: 

2.6.1. Goals  and milestones: ________________________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.6.2. Strategic agreements: _________________________________________________ 
_______________ _____________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.6.3.  Driver for passing to the next period: ____________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 

2.6.4. Number of employees in the firm at the end of the period 
R&D  Marketing & Sales  Production Services Other 
 
 

    

 
2.7.  Period 5: 

2.7.1. Goals  and milestones: ________________________________________________ 
___________________________________________________________________________
_______________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.7.2. Strategic agreements: _________________________________________________ 
_______________ _____________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 

2.7.3.  Driver for passing to the next period: ____________________________________ 
___________________________________________________________________________
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_______________________________________________________________ 
_____________________________________________________________________ 

 
2.7.4. Number of employees in the firm at the end of the period 

R&D Marketing & Sales Production Services Other 
 
 

    

 
 
2.8. Please specify the number of products lines and the number of total products the company had at 

the end of the period  

 
 
 

3. R&D 
 
3.1. Please specify the technological status of the firm’s R&D efforts 
 
 Basic 

technology 
Shelf 
product 

Customized 
product 

Tailor 
made 

Period 1     
Period 2     
Period 3     
Period 4     
Period 5     
_____________________________________________________________________________________
_______________________________________________________________________ 

 
3.2. Please specify the type of the main products development efforts (in %)  

 
 New products 

Development 
Enhancement of 
Existing products  

Period 1   
Period 2   
Period 3   
Period 4   

 Number of 
products lines 

Total number of 
products 

Product type 

Component Total solution 

Period 1     
Period 2     
Period 3     
Period 4     
Period 5     
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Period 5   
_____________________________________________________________________________________
_______________________________________________________________________ 

 
3.3. Please specify the main knowledge domain of the R&D process  
 
 Within the firm Within the industry 

in which the firm 
operates 

Outside the industry 
in which the firm 
operates 

Period 1    
Period 2    
Period 3    
Period 4    
Period 5    
 

3.3.1. If your answer to question 3.4 was other then "within the firm", please specify the way in which 
the company reached the technology 

 
 Licensing 

 
Joint 

Venture 
 

M&A 
 

Outsourcing Non-equity 
strategic 
alliance 

Other 

Period 1       
Period 2       
Period 3       
Period 4       
Period 5       

 
_____________________________________________________________________________________
_________________________________________________________________________ 
3.4. Please specify the development status of the technology in the market  

 
Period 1  
Period 2  
Period 3  
Period 4  
Period 5  

 
 
_______________________________________________________________________________________
_________________________________________________________________________ 
 

3.5. Where was the R&D activity  located (in %). 
 

 Israel EU Rest of 
Europe 

US 
Canada 

Central 
& South 

South 
East Asia 

ROW 

 Yes No 
There is dominant 
design in the market 

A B 

Firm's technology is 
part of the dominant 
design  

1 2 



 200

America 
Period 1        
Period 2        
Period 3        
Period 4        
Period 5        
_____________________________________________________________________________________
_______________________________________________________________________ 

 
3.6. Please evaluate the average R&D annual budget 

 
Period 1  
Period 2  
Period 3  
Period 4  
Period 5  

 
3.7. Please evaluate the company's expertise/strength in the area of R&D 
 
               Low                    High 
                1     2     3     4     5         If 4-5 extend  
Period 1       ( )   ( )   ( )   ( )   ( )____________________________              
Period 2       ( )   ( )   ( )   ( )   ( )____________________________  
Period 3       ( )   ( )   ( )   ( )   ( )____________________________  
Period 4       ( )   ( )   ( )   ( )   ( )____________________________  
Period 5       ( )   ( )   ( )   ( )   ( )____________________________  

_____________________________________________________________________________________________

_______________________________________________________________________________ 
 
 

 
4. Production 

 
4.1. Please specify the type of production skills development (in %)  
 
 New Skills 

Development 
Enhancement of 
Existing Skills  

Period 1   
Period 2   
Period 3   
Period 4   
Period 5   
_____________________________________________________________________________________
_______________________________________________________________________ 
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4.2. Please specify the main sources of production skill  
 
 Within the firm Within the industry 

in which the firm 
operates 

Outside the industry 
in which the firm 
operates 

Period 1    
Period 2    
Period 3    
Period 4    
Period 5    

_____________________________________________________________________________________
_________________________________________________________________________ 

 
4.2.1. If your answer to question 4.2 was other then "within the firm", please specify the way in which 

the company executed the production process  
 

 Licensing 
 

outsourcing Joint 
Venture 

 

M&A 
 

Non-equity 
strategic alliance 

Other 

Period 1       
Period 2       
Period 3       
Period 4       
Period 5       

 
4.3. Where was the main production activity  located (in %). 

 
 Israel EU Rest of 

Europe 
US 
Canada 

Central 
& South 
America 

South 
East Asia 

ROW 

Period 1        
Period 2        
Period 3        
Period 4        
Period 5        

_____________________________________________________________________________________
_________________________________________________________________________ 
 
4.4. Please estimate the extent of firm’s dependency on its main suppliers  

 
               Low                    High 
                1     2     3     4     5         If 4-5 extend  
Period 1       ( )   ( )   ( )   ( )   ( )____________________________              
Period 2       ( )   ( )   ( )   ( )   ( )____________________________  
Period 3       ( )   ( )   ( )   ( )   ( )____________________________  
Period 4       ( )   ( )   ( )   ( )   ( )____________________________  
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Period 5       ( )   ( )   ( )   ( )   ( )____________________________  
 
_____________________________________________________________________________________________

_______________________________________________________________________________ 
 

4.5. Please evaluate company's expertise/strength in production 
 
 
               Low                    High 
                1     2     3     4     5     If 4-5 please specify  
Period 1       ( )   ( )   ( )   ( )   ( )____________________________              
Period 2       ( )   ( )   ( )   ( )   ( )____________________________  
Period 3       ( )   ( )   ( )   ( )   ( )____________________________  
Period 4       ( )   ( )   ( )   ( )   ( )____________________________  
Period 5       ( )   ( )   ( )   ( )   ( )____________________________  
 

_____________________________________________________________________________________________

_______________________________________________________________________________ 
 

 
5. Marketing & Sales 

 
5.1. Please specify the type of customers your company had. Please regard to the options as stated below 

by percentage 
 
 OEM 

consumers 
End 
customers, 
private 

End 
customers, 
businesses 

Other: 
________ 

Total 

Period 1      100% 
Period 2     100% 
Period 3     100% 
Period 4     100% 
Period 5     100% 

__________________________________________________________________________________
____________________________________________________________________ 
 

5.2. Please specify the main type of Marketing & Sales capabilities development (in %) 
 

 New Capabilities 
Development 

Enhancement of 
Existing Capabilities  

Period 1   
Period 2   
Period 3   
Period 4   
Period 5   
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_____________________________________________________________________________________
_______________________________________________________________________ 

 
5.3. Please specify the main source of marketing & Sales skill  
 
 Within the firm  Within the industry 

in which the firm 
operates 

Outside the industry 
in which the firm 
operates 

Period 1    
Period 2    
Period 3    
Period 4    
Period 5    

 
5.3.1. In which markets (% of total sells) the firm was competing and what Operating Mode (OM) 

did the company used 
 

 
 

 
 
 
 
 
 
 
 

5.4. Please evaluate the extent of the competitiveness of  the market in which the company operated 
               Low                    High 
                1     2     3     4     5      If 4-5 please specify 
Period 1       ( )   ( )   ( )   ( )   ( )____________________________              
Period 2       ( )   ( )   ( )   ( )   ( )____________________________  
Period 3       ( )   ( )   ( )   ( )   ( )____________________________  
Period 4       ( )   ( )   ( )   ( )   ( )____________________________  
Period 5       ( )   ( )   ( )   ( )   ( )____________________________  

 Israel EU Rest of 
Europe 

US Canada Central & 
South 

America 

South East 
Asia 

ROW 

 OM % OM % OM % OM % OM % OM % OM % 
Period 1               

Period 2               

Period 3               

Period 4               

Period 5               

(if major corporate please specify) modes ationOper 
1. Wholly owned subsidiary  (M&A, Greenfield) 
2. Agents / Distributor 
3. Licensing 
4. Joint Venture 
5. Export/ Direct 
6. Other _________ 
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__________________________________________________________________________________________

__________________________________________________________________________  
 

5.5. Please specify the market size in which the company operated, (in millions of US Dollars) 
 
 Market 

Size 
Period 1  
Period 2  
Period 3  
Period 4  
Period 5  

 
__________________________________________________________________________________
____________________________________________________________________ 
 
5.6. Please specify the industry’s life cycle 

 
 Pre-growth Growth Maturity  Decline 
Period 1     
Period 2     
Period 3     
Period 4     
Period 5     

 
___________________________________________________________________________________
_____________________________________________________________________ 

 
5.7. Please evaluate the average annual marketing budget  
 
 Marketing & Sales Budget 
Period 1  
Period 2  
Period 3  
Period 4  
Period 5  

 
 
5.8. Please evaluate company's expertise/strength in the area of marketing 
 
 
               Low                    High 
                1     2     3     4     5     If 4-5 please specify  
Period 1       ( )   ( )   ( )   ( )   ( )____________________________              
Period 2       ( )   ( )   ( )   ( )   ( )____________________________  
Period 3       ( )   ( )   ( )   ( )   ( )____________________________  
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Period 4       ( )   ( )   ( )   ( )   ( )____________________________  
Period 5       ( )   ( )   ( )   ( )   ( )____________________________  
 
_____________________________________________________________________________________________

_______________________________________________________________________________ 
 

6. Finance 
 

 
6.1. Please specify the investment rounds have been taken by the firm 
 
 Sum Value of firm Year Investor 

Type 
Seed 
investment 

    

Round 1     

Round 2     

Round 3     

Round 4     

Round 5     

Round 6     
_____________________________________________________________________________________
_________________________________________________________________________ 
 
6.2. Please specify the average annual income from sales 
 
 
 Average income 

from sales 
Period 1  

Period 2  

Period 3  

Period 4  

Period 5  

_____________________________________________________________________________________
_________________________________________________________________________ 
 
6.3. Please evaluate company's expertise/strength in the area of finance 
 
 
               Low                    High 
                1     2     3     4     5      If 4-5 please specify  

Investor Types 
 

1. Own equity 
2. Private investor 
3. Venture Capital 
4. Corporate/strategic investor 

(please specify)  
5. Public offering  
6. Bank loans 
7. Governmental Grants 
8. Acquisition 
9. Other _________________ 
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Period 1       ( )   ( )   ( )   ( )   ( )____________________________              
Period 2       ( )   ( )   ( )   ( )   ( )____________________________  
Period 3       ( )   ( )   ( )   ( )   ( )____________________________  
Period 4       ( )   ( )   ( )   ( )   ( )____________________________  
Period 5       ( )   ( )   ( )   ( )   ( )____________________________  

 


