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Abstract

Schumpeter introduced a new perspective on the nature of competition in market
economies—one dominated by innovation and the dynamics of ‘creative destruction’. In
so doing, he opened up new perspectives on the nature of competition itself. At a more
macro-level, the Schumpeterian perspective focuses on the role of innovation in
transforming existing industries and markets and constructing new ones and shaping the
competitive battles between firms. But perhaps even more importantly, where older
models primarily focused on competition in product or factor markets, the Schumpeterian
perspective forces consideration of the processes involved in invention, discovery, and
capability creation; processes that underlie innovation and the dynamics of creative
destruction. From this perspective, competition in markets is complemented by activities
focused on knowledge creation and capability creation. For firms, knowledge creation
becomes a strategic end unto itself; for scholars, the phenomena of knowledge creation
comes center stage in the fields of strategy, entrepreneurship, and innovation.

The essays presented here are focused on a set of technologies for exploration and
innovation that underwrite Schumpeterian competition. The first essay proposes a
theory of strategic domain pioneering that seeks to explain how organizations can
develop new domains of scientific, engineering, and/or technological knowledge for
strategic ends. The second essay examines how management control systems
influence the construction of new organizational capabilities by influencing the outputs of
an organization’s dynamic capabilities. The third essay examines how management
control systems influence the pursuit of exploration- and exploitation-related activities at
the organizational level of analysis. The focus of all three is on the fundamental
processes of knowledge creation that underwrite the process of innovation and capability
creation at the core of Schumpeterian competition—processes at the very core of the

fields of strategy, innovation, and entrepreneurship.

Keywords: strategic knowledge creation; technologies for exploration; innovation,

Schumpeterian competition; dynamic capabilities; management control systems
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1. Introduction

The three essays presented here explore a set of themes centered on the
dynamics of innovation and the pursuit of advantage. Collectively, they address several
prominent areas of the strategic management literature, including strategic knowledge
creation, dynamic capabilities, and the processes involved in managing exploration and
exploitation processes at the organizational level. They are, however, connected by a
single underlying preoccupation. In different ways, each essay is ultimately concerned

with the logic and mechanics of competition via innovation.

The common starting point is Schumpeter’s contention that competition in the
capitalist system is driven by processes of creative destruction born of innovation. In an

oft-cited passage, Schumpeter argues:

The first thing to go is the traditional conception of the modus operandi of
competition....in capitalist reality as distinguished from its textbook
picture, it is not that kind of competition which counts but the competition
from the new commaodity, the new technology, the new source of supply,
the new type of organization...competition which commands a decisive
cost or quality advantage and which strikes not at the margins of the
profits and the outputs of existing firms but at their foundations and their
very lives. This kind of competition is as much more effective than the
other as a bombardment is in comparison with forcing a door (1976: 84).

The work collected here, then, is primarily an investigation into the processes of
invention and innovation that are at the core of the Schumpeterian conception of
competition, where Schumpeterian competition is understood as competition that is
driven by introduction of product, process, and/or technological innovation with the aim
of transforming existing industries and markets or the pioneering of novel industries and
markets The objective, though, is to move beyond the simple acknowledgment of the
importance of innovation in determining competitive contests frequently encountered in
the management and strategy literatures and to get on with the important work of

explaining how this kind of competition actually works. The essays presented here seek



to do just that by exploring aspects of strategic knowledge creation, the management of
invention and discovery, and capability construction and reconfiguration that are central
to the pursuit of innovation within a Schumpeterian perspective on competition. In that

respect, the essays presented here are clearly just part of a much larger project of

central importance to the field of strategy.

The first essay, Strategic domain pioneering and nonlocal action, introduces a
model of strategic knowledge creation that explicates the processes involved in
pioneering novel domains of scientific, engineering, and technological knowledge that
underwrite innovation and which, in so doing, open up the possibilities for novel strategic
action and the pursuit of competitive advantage.

Schumpeter (1976) stresses the importance of competition via the new
commodity or the new technology that radically breaks with existing industry norms.
These kinds of innovations do not arise fully formed — ex nihilo — out of nothing,
however. When we start peeling back the layers of causality, | argue that we find a core
set of knowledge creation processes in play. More specifically, the contention here is
that innovative products and technologies are ultimately underwritten by scientific,
engineering, and technological knowledge and that the processes of invention and
knowledge creation are at the foundation of Schumpeterian modes of competition.
Understanding how scientific, engineering, and technological knowledge creation works,
then, is paramount for working out the mechanisms that underwrite Schumpeterian
competition. This is what the theory of strategic knowledge creation introduced in this
essay seeks to accomplish. As developed here, the theory of strategic domain
pioneering focuses on explaining the processes that underwrite organizational efforts to
develop new branches of proprietary scientific, engineering, and technical knowledge
and expertise that extend the current frontiers of knowledge — in fields like advanced
materials and nanotechnology, biotechnology, quantum computing, or artificial
intelligence and robotics — and that enable firms to ultimately develop and deploy new
products, services, and technologies in the pursuit of competitive advantage and the
kinds of industry and market transformation at the heart of Schumpeterian modes of

competition.



Schumpeterian competition implicitly stresses the importance of nonlocal action —
of strategic moves that radical transform the existing competitive landscape that stem
from innovations that create novel possibilities for strategic action. In the language of
fitness landscapes (c.f., Gavetti, 2011), nonlocal action is understood as strategic moves
that provide access to and/or (perhaps more accurately) create new positions in the
competitive landscape that are distant from those accessible to rivals on the basis of
their current stocks of knowledge and resource endowments. In the fitness landscape
framework, the distance between any two points on the landscape is taken as reflection

of an underlying similarity on some important dimension of interest.

As applied to the strategy literature (e.g., in Gavetti, 2011), the dimensions of
interest are typically understood to include organizational design, knowledge, resource
and capability, and strategic factors that capture the different choices about how firms
can be designed and managed, how they are positioned strategically, what kinds of
capabilities they deploy in their pursuit of advantage, what kind of business models they
pursue, the knowledge and expertise they possess or have access to, etc. In this
context, local action can be thought of incremental changes in a firm’s current resource
endowments, knowledge and expertise, capabilities, strategic positioning, or
organizational design features. Nonlocal action, in an analogous fashion, is taken to
mean more substantial changes across of these kinds of underlying features. In
practical terms, this could mean a firm moving from a strategy focused on niche
production of very high-end, highly differentiated products based on a strategy of
developing pioneering new products to a strategy focused on serving the mass markets
based on the pursuit of cost advantages through scale or a transition from a vertically
integrated approach to production toward a model based on a focus on the
establishment of a few core competences with the balance of activities outsourced to

other market participants.

The second essay, Leveraging dynamic capabilities: A contingent management
control system approach, introduces a framework illustrating how the four types of
management control systems in Simons’ (1994) typology can be used in conjunction
with an organization’s other dynamic capabilities (Teece, 2007; Augier and Teece, 2009)
to orchestrate the development of new organizational capabilities in the pursuit of

innovation.



Management control systems, as defined by Simons (1995), are the inter-related
set of formal and informal organizational systems, routines, and procedures that
management uses to define goals and objectives for individuals, teams and business
units within the firm, define the bounds of acceptable activity, search out and establish
consensus about opportunities and threats, and measure progress against goals (c.f.,
McCarthy and Gordon, 2011), They are the processes and systems which management

uses to coordinate and direct activity throughout the organization.

As March (1991) points out, given limited resources, organizations must balance
the normally conflicting imperatives of enhancing near-term performance in order to
avoid imminent collapse with the need to invest in uncertain innovation if they are to
survive — and perhaps even prosper — in the future. Limited resources, therefore, entails
an inherent trade-off between allocating scarce ‘orchestration processes’ towards
building incremental capabilities to enhance the organization’s current position versus
allocating the same resources towards creating novel organizational competencies in the
pursuit of advantages that accrue to successful innovation. In March’s terms, firms must
balance the imperatives of exploitation and exploration, where exploitation entails
activities centered on improving on, and adding to, the firm’s current offerings, business
models, knowledge stocks, and underlying resource and capability endowments
whereas exploration entails a focus on developing new knowledge and areas of
expertise, the pursuit of product, service, and process innovations, the pioneering of new
capabilities and resource endowments, and the development of new markets and

industries. In the most general terms, as defined by March:

Exploitation refers to the utilization and refinement of what is known. It is
reflected in efforts toward efficiency, standardization, accountability, and
control. Exploration is the pursuit of what is not known. It is reflected in
efforts to generate and experiment with deviant procedures and new
possibilities (2010: 24).

Where exploitation entails building on existing organizational capabilities to
enhance the firm’s current positioning; exploration involves pioneering new sources of
advantage through innovation. One way firms pursue exploration is via dynamic
capabilities: organizational routines deployed to create new capabilities (Winter, 2003;

Teece, 2007; Augier and Teece, 2009) that underwrite the firm’s pursuit of novel



positioning. Seen this way, dynamic capabilities constitute a technology for exploration
and nonlocal action. More specifically, this essay argues that management can use
belief and interactive control systems to orient capability orchestration processes
towards more radical departures from current resource and capability configurations,
while boundary and diagnostic control systems can be employed to orient the
orchestration of more incremental reconfigurations of existing configurations of
resources and capabilities. This framework, in effect, illustrates how the outputs of
dynamic capabilities themselves can be dynamically tuned between more radical and
more incremental ends in the pursuit of advantage through innovation. As such this
framework represents a managerial technology for Schumpeterian competition that
deeply complements the framework for strategic domain pioneering introduced in the
first essay.

The third essay, Achieving contextual ambidexterity in R&D organizations: A
management control system approach, introduces a framework for using management
control systems to influence the kinds of R&D outputs that internal R&D groups

generate.

Here again, we see the familiar dilemma between exploitation and exploration.
On the one hand, R&D groups are asked to build on current knowledge positions to
reinforce existing stocks of expertise and capability; on the other hand, breakthrough
innovation depends on pioneering breakthrough knowledge, which requires exploration
rather than exploitation. Balancing these conflicting demands on R&D effort and

resources is typically regarded as problematic.

Building on the taxonomy of management control systems introduced by Simons
(1994), the framework developed in this essay illustrates how the pursuit of
breakthrough innovation can be driven by belief and interactive control systems at the
same time that boundary and diagnostic control systems act to enhance the generation
of incremental innovation within the same R&D group — establishing what has been
termed contextual ambidexterity. In competition dominated by innovation, the ability to
dynamically tune the balance of incremental versus radical R&D knowledge outputs

constitutes an important and powerful strategic weapon. The R&D management



processes outlined in this essay, then, comprise another core managerial technology for

Schumpeterian competition.

Taken together, the three essays introduced here offer up a more comprehensive
understanding of the nature of Schumpeterian competition while, at the same time,
providing a powerful set of managerial technologies for driving Schumpeterian
competition and the pursuit of advantage. As such, they constitute an important

advance to theory in strategic management, innovation, and entrepreneurship.
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2. Strategic Domain Pioneering and Nonlocal
Action

2.1. ABSTRACT

When rival firms adopt similar strategies, competition drives down returns and
compresses variance. One important source of advantage arises from Schumpeterian
innovation and the ability to undertake nonlocal action. The question arises, can
nonlocal action be strategic? One prominent answer, typically associated with the
evolutionary school of strategy, suggests no, asserting that innovation ultimately is
driven by luck and serendipity. This paper suggests otherwise, arguing that nonlocal
action can be strategic because firms can purposefully pioneer new domains of
scientific, engineering, and technological knowledge in the pursuit of Schumpeterian
innovation in products, technologies, and modes of production. To this end, a new
theory of strategic domain pioneering is introduced. The idea of strategic domain
pioneering as a ‘technology for exploration and nonlocal action’ and some implications
for the theory of organizational and managerial control systems and the locus of
knowledge are discussed in the final section. In orientation, the theory of strategic
domain pioneering introduced here is congruent with the new behavioral theory of
strategy forwarded by Gavetti (2011). By showing how knowledge creation processes
can be actively managed for strategic ends, this paper expands upon and extends

Gavetti’'s nascent framework in new directions.

2.2. INTRODUCTION

Where earlier work in strategic management sought out the sources of sustained
competitive advantage (e.g., Porter, 1980, Barney, 1991, Peteraf, 1993), recent
scholarship has tended toward the view that sustainable competitive advantage is, at

best, exceedingly rare and that sources of advantage — when discovered, created, and



effectively deployed — are typically fleeting and temporary (D’Aveni, Battista Dagnino,
and Smith, 2010). Accordingly, attention has shifted from strategies for acquiring and
maintaining the kinds of valuable, rare, non-imitable, and non-substitutable resources
(Barney, 1991; see also Barney 1986a; Amit and Schoemaker, 1993) that the Resource-
based View (RBV) identified as the foundation of durable sources of competitive
advantage towards an interest in strategies and practices oriented around the continual
creation of new sources of temporary advantage under conditions of near constant
upheaval and innovation (e.g., Nickerson, Silverman, and Zenger, 2007; Teece, 2007;
Augier and Teece, 2009) that are more responsive to the demands of dynamic

environments where advantage must be continually sought, fought for, and renewed.

This conception of strategic action is rooted in the tradition of the Schumpeterian
conception of competition characterized by creative destruction driven by the
introduction of new technologies and new products, the pioneering of new markets and
industries, and the introduction of new modes of organization and production
(Schumpeter, 1976). Advantage, in the Schumpeterian analysis of competition, arises
when a firm is able to introduce novel technologies or products that overturn existing
markets and industries and/or create novel markets and industries that are difficult for

rivals to emulate over the near- to intermediate-term.

The Schumpeterian conception of competition stresses the importance of
innovation for competitive advantage. In particular, the focus is on radical, or
revolutionary, innovations that enable a firm to compete in ways that rivals cannot
because they lack the requisite knowledge. Advantage tends to be ephemeral when
new products, processes, or technologies can be quickly replicated or countered by a
firm’s rivals. The underlying premise is that when innovations build on knowledge closely
related to prior knowledge, they are more easily replicated or countered by rival firms as
they are ‘easier to reach’ from the existing stocks of knowledge at the disposal of (or
available to) rival firms. In the language of fithess landscapes (c.f., Gavetti, 2011), the
strategic imperative is the pursuit of what can be termed nonlocal action — strategic
moves that provide access to and/or create new positions in the competitive landscape
that are distant from those accessible to rivals on the basis of their current stocks of

knowledge and resource endowments.



While the strategic imperative of nonlocal action — drawing, as it does, on long-
established conceptions of radical/revolutionary innovation, Schumpeterian competition,
and competitive landscapes in the strategy literature — is well defined conceptually and
established in managerial practice (as suggested by the popularity of works like Blue
Ocean Strategy (Kim and Mauborgne, 2005), the processes of knowledge creation
involved in the kinds of invention and discovery that underwrite the development of new
products, services, and technologies at the heart of the Schumpeterian mode of
competition remain opaque. More specifically, neither the dominant paradigm of
knowledge creation in the management literature, exemplified by the seminal works of
Cohen and Levinathal (1990), Nonaka (1994), and Nickerson and Zenger (2004), nor the
main alternatives to the dominant theories of knowledge creation presented to date (see
for example Cook and Brown, 1999; Gourlay, 2006), have had an explicit focus on the
fundamental knowledge creation processes at work in pioneering new domains of
scientific, engineering, and technological knowledge that underwrite Schumpeterian
competition and nonlocal action. This presents both a challenge and an opportunity for

theory; one that | address in this paper.

More specifically, this paper seeks to address this theoretical gap by proposing a
theory of scientific, engineering, and technological knowledge creation that firm’s can
deploy in the pursuit of Schumpeterian competition and nonlocal action. In the
framework introduced here, novel products, services, and technologies introduced into
the marketplace are understood as the end stage of a series of processes involved in
knowledge creation, incubation, and deployment (c.f., Hamel and Prahalad, 1994;
Nickerson, Silverman, and Zenger, 2007; Maine, 2008; Gavetti, 2011). The focus of the
theory of strategic knowledge creation forwarded here is on the ‘front-end’ of this stream
of inter-related activities, i.e, the processes involved in creating new pools of knowledge
and expertise in novel domains of science, engineering, and technology that form the
foundation from which the firm’s new products, services, and technologies are ultimately
derived. The theory of strategic domain pioneering introduced in this paper is concerned
with the processes that underwrite organizational efforts to develop new branches of
proprietary scientific, engineering, and technical knowledge and expertise that extend
the current frontiers of knowledge — in fields like advanced materials and
nanotechnology, biotechnology, quantum computing, or artificial intelligence and robotics

— and which ultimately enable these firms to develop and deploy new products, services,

10



and technologies in the pursuit of competitive advantage and the kinds of industry and

market transformation at the heart of Schumpeterian modes of competition.

A particularly audacious example of strategic domain pioneering in practice can
be found in the pioneering work on synthetic biology undertaken by the J. Craig Venter
Institute (JCVI) and the closely associated Synthetic Genomics, Inc., a firm that Venter
created to commercialize the basic science research conducted at the JCVI (Hylton,
2012). As Hylton notes, together, JCVI and Synthetic Genomics comprise
approximately 500 scientists, with backgrounds in many different disciplines, focused on
developing the emerging field of synthetic biology and harnessing this knowledge across
a wide range of industrial applications — from energy and food production to novel
therapeutics for medicine. One of the main goals of synthetic biology projects like those
represented by Venter's JCVI and Synthetic Genomics, Inc. is to generate the
knowledge, expertise, and capabilities required to design and build bespoke organisms —
i.e., organisms engineered by scientists as opposed to having been evolved in nature —
whose properties have been engineered to work in desired ways, e.g., working as micro-
factories producing hydrocarbons or vaccines (Hylton, 2012). The potential markets for
these applications are vast, but success is far from certain given the current state of
scientific knowledge. Success, here, depends — at least in part — on the ability of JCVI
and Synthetic Genomics to develop novel scientific, technological, and engineering
knowledge and expertise — on strategic domain pioneering. The primary objective of this
paper is to explain how these kinds of strategic domain pioneering knowledge creation

processes operate.

2.3. THEORETICAL BACKGROUND

As a general rule, when rival firms adopt similar strategies, business models,
capabilities, and technologies, and when they try address similar markets with relatively
homogenous products and technologies, competition drives down returns and
compresses performance variance. Advantage depends on differentiation — in business
models, organizational capabilities strategy, technology, and/or products and services.
Advantage depends, in other words, on the ability of the firm to undertake lines of action

that are qualitatively, and fundamentally, different from those of its peers. In the fitness
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landscape metaphor, firm characteristics, like strategies, business models, capabilities,
technologies, and product market offerings, are mapped to locations in an abstract
space (Gavetti, 2011). From this perspective, similarity is understood in terms of
distance: when rivals are highly similar, they ‘sit’ adjacent to one another in the fitness
landscape. Advantage, then, arises, in part (i.e., it is necessary, but not sufficient), from
the ability to ‘do differently’ from one’s rivals, to occupy non-adjacent places on the
fitness landscape. Following Gavetti, this can be thought of as the ‘imperative of

nonlocal action’.

Competitive advantage, though, is relatively rare and often fleeting (Porter,
1991). Rivals are constantly alert to, and on the lookout for, opportunities (Kirzner,
1999) and are quick to emulate successful models when they discover them. Innovative
competitors transform existing markets and industries and/or create new markets and
industries that make incumbent firms less relevant (Schumpeter, 1976; Abernathy and
Clark, 1985; Utterback, 1994; Christensen, 1997). In the absence of isolating
mechanisms (Barney, 1991; Mahoney and Pandian, 1992: 371-373), valuable sources of
differentiation are often quickly and mercilessly eroded away by the entrepreneurial
actions (Klein, 2008) of existing rivals and/or new entrants. At the same time, new
sources of differentiation are notoriously difficult to discover, imagine, and/or create
(Tripsas and Gavetti, 2000; Gavetti, 2011). As Tripsas and Gavetti note, differentiation
and innovation at the firm level is often stymied by the inertia of core capabilities and the
shadow they cast on firm action (see also, Penrose, 1959; Leonard-Barton, 1995; Kogut
and Zander, 1996; Denrell, Fang, and Winter, 2003; Gilbert, 2005) as well as the
bounded cognition of organizational members (see too, Gavetti and Levinthal, 2000;
Gavetti, 2011) that curtails the ability to envision and effectutate (Sarasvathy, 2001;
Wiltbank, Dew, Read, and Sarasvathy, 2006; Klein, 2008) new courses of

entrepreneurial action and Schumpeterian innovation.

Sustained advantage depends not only on achieving advantage at a point in
time, what Porter (1991) called the ‘cross-sectional problem’, but the ability to
continuously create new sources of differentiation and advantage (see too, Nickerson,
Silverman, and Zenger, 2007). Put in terms of the fitness landscape metaphor laid out
by Gavetti (2011), this is the challenge of nonlocal action. But, it is just this sort of thing

that Gavetti (2011) has argued is so frequently problematic.
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The fitness landscape metaphor encourages us to think about a firm’s current
configuration of strategies, capabilities, business models, technologies, products,
knowledge, networks, alliances, etc. in terms of a literal position in a highly abstract
space. By definition, any kind of differentiation, innovation, development, or other
change in any of these variables is represented by a different point in the same abstract
configuration space. And again, by definition, the points in this kind of abstract
configuration space are understood to be ordered by similarity such that the closer
together two points are from one another, the more similar the underlying features.
From this perspective, any kind of change, development, differentiation, or innovation a
firm undertakes can be thought of as a move from one point in this space to another.
When the move represents an incremental change in some characteristic or feature (or
set of features), the move can be described as local; when the move represents are
more significant change in position, along a single characteristic or across some

combination of underlying features, the move can be described as nonlocal.

A strategy of nonlocal action entails a strategy for moving from one point in this
configuration space to a nhon-adjacent location; undertaking any such a move is what we
can term a nonlocal action. (In this highly idealized model, we abstract from the
practicalities of what it actually means to move from one space to another, e.g., on
whether or not it is ever possible to change firm characteristics discontinuously, and we
ignore the processes involved in actually enacting/effectuating these kinds of
organizational change in order to focus attention on the effects of relative magnitude of

change — or movement — on likely performance outcomes and similar variables).

The imperative of nonlocal action is clear. The question is whether or not a firm
can deliberately pursue a strategy of nonlocal action in the sense of an intended line of
action (see Mintzberg, Ahlstrand, and Lampel, 1998). As Gavetti argues, “something
can be important to performance in theory but have no agency implications if it is not
controllable” (2011: 2).

One influential line of argument, originating in evolutionary and behavioral
approaches to strategy, suggests that, in fact, firms cannot deliberately pursue a
strategy of nonlocal action. Here, nonlocal action is ultimately understood as the

consequence of processes involving serendipity and luck (e.g., Ahuja and Lampert,
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2001; Denrell, Fang, and Winter, 2003; Cattani, 2006; see too Gavetti, 2011). As
Denrell, Fang, and Winter put it, “the character of the strategic opportunity implies that
the process is likely to have been serendipitous, in the strict sense of the word. That is,
success is a consequence of effort and luck joined by alertness and flexibility” (Denrell,
Fang, and Winter, 2003: 985, emphasis in original). Such processes often are quite

prosaic, even quotidian. As Denrell et al. argue:

This does not imply...that it would necessarily take a heroic effort to
identify such opportunities....in contrast to financial markets where blatant
arbitrage opportunities are rare, we submit that the discovery of strategic
opportunities is a normal occurrence in the product markets (2003: 985,
emphasis in original).

This framework offers a rather pessimistic stance regarding the possibility of
genuine strategic agency. Here, the prospects for strategic nonlocal action —i.e.,
deliberate, or intended, action oriented toward enabling the firm to significantly change
its position in the competitive landscape by establishing new markets or competing in
existing markets via the introduction of fundamentally new kinds of products,
technologies, modes of production, etc. (Schumpeter, 1976; Kirzner, 1999) that is
initiated by management with the objective of realizing some set of higher order
organizational goals or objectives — are limited and highly constrained at best. In this
framework, innovation — i.e., sources of variation (see Nelson, 2006) underwriting the
possibility of nonlocal action — is understood to arise from what are essentially stochastic
knowledge creation processes (Campbell, 1960) not amenable to standard forms of
organizational control (Ouchi, 1979; McCarthy and Gordon, 2011). In this context, the
literature on exploration (March, 1991, 2006, 2010; Ahuja and Lampert, 2001),
absorptive capacity (Cohen and Levinthal, 1990; Zahra and George, 2002; Volberda,
Foss, Lyles, 2010); organizational knowledge creation (Nonaka, 1994; Cook and Brown,
1999; Hargadon and Fanelli, 2002; Gourlay, 2006; Nonaka, von Krogh, and Voelpel,
2006; Nonaka and von Krogh, 2009, Tsoukas, 2009), organizational ambidexterity (Cao,
Gedajlovic, and Zhang, 2009; Raisch, Birkenshaw, Probst, and Tushman, 2009,
McCarthy and Gordon, 2011), and the processes mediating, and conditions moderating,
organizational creativity (e.g., Nahapiet and Ghoshal, 1998; Carlile, 2004; Un and
Cuervo-Cazurra, 2004; Hargadon and Bechky, 2006) can be understood, at least in part,

as seeking answers regarding the possibility of engineering organizations to enable,
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make possible, or otherwise encourage emergent nonlocal action by enhancing the

capacity to generate innovations.

What passes for strategy in this discourse, then, is something closer to what
Mintzberg, Ahlstrand, and Lampel (1998) describe as emergent strategy: a primarily
retrospective sensemaking (Weick, Sutcliffe, and Obstfeld, 2005) kind of process where
a (relatively coherent) pattern of action is understood, ex post, to have arisen in the
organization’s ongoing activities without pre-planning or intention — or even in
contradistinction to the organization’s ex ante formal strategic plans. In this context, the
prospects for nonlocal action arise haphazardly and depend critically on alertness
(Buchanan and Vanberg, 1991; Kirzner, 1999), serendipity and luck (Denrell, Fang, and
Winter, 2003), and management’s ability to marshal and construct the requisite
resources and capabilities required (Teece, 2007; Augier and Teece, 2009; Gavetti,
2011) for their realization. Itis a logic of strategic and entrepreneurial action that
stresses the priority of effectual processes (Sarasvathy, 2001; Wiltbank, Dew, Read, and

Sarasvathy, 2006) over deliberate planning and positioning (Gavetti, 2011).

This paper argues, in contrast to views prioritizing serendipity, emergence, and
luck, that nonlocal action, in fact, can be strategic in the sense suggested by Mintzberg,
Ahlstrand, and Lampel’s (1998) notion of intended strategy. The central proposition of
this paper is that the processes of scientific and technological knowledge creation
underwriting Schumpeterian modes of competition (Barney, 1986b) can be strategic
because, contra Ouchi (1979), these processes can be oriented towards particular
(nonlocal) ends — i.e., the establishment of specific domains (Kim, 2002) of novel
scientific and technological knowledge — thereby opening up new spaces for future
competition (c.f., Hamel and Prahalad, 1994; Kirzner, 1999). The aim of this paper is to
sketch out a framework for understanding the nature of the knowledge creation
processes at the core of these strategic domain pioneering activities which, following
March (1991, 2006, 2010), can be considered a technology for exploration, or which, in
line with Gavetti (2011), could be termed a technology for strategic nonlocal action. That
is to say, this paper articulates a framework for understanding the processes of
knowledge creation that management can strategically deploy in the pursuit of
innovation and competitive advantage in the context of a Schumpeterian conception of

strategic action focused on transforming existing industries and markets and/or the
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creation of new industries and markets — processes that themselves can be considered
as kind of management technology in their own right (c.f., Birkinshaw, Hamel, and Mol,
2008).

2.4. THE STANDARD ACCOUNT OF KNOWLEDGE
CREATION

A standard account of knowledge creation involves three main elements: a
theory of knowledge, an explication of the machinery of knowledge creation, and the
articulation of a explanatory program. These are not always explicitly developed. While
most theoretical work on knowledge creation explicitly defends a theory, or typology, of
knowledge (c.f., Faulkner, 1994) and a model of knowledge creation processes and
mechanisms, the overarching explanatory program is often left implicit. This is
problematic. A theory of knowledge creation that is explanatorily adequate and
pragmatically useful in some contexts may prove wholly inadequate when employed in
explanations of other organizational phenomena or is taken as the basis for pragmatic

action by organization’s seeking to leverage knowledge creation for specific purposes.

The theory of strategic domain pioneering outlined here differs from the standard
account of organizational knowledge creation that has arisen within the strategy and
management literature along all three of these dimensions. This is, in some sense,
unsurprising given that the theory of strategic domain pioneering addresses a rather
different set of concerns, or problem situations (c.f., Popper, 1979; Rescher, 2000) than
earlier theories of organizational knowledge creation. It can, however, at times lead to a
bit of confusion if one is not careful. While the problem situations are meaningfully
different, there is a good deal of overlap. Much has been written about knowledge
creation and innovation. Much of this work, however, ultimately concerns different set
of issues than is the focus here. Moreover, this work is, for the most part,
complementary to the theory of strategic domain pioneering presented here. Making
these distinctions explicit can help us sidestep some potential land mines and

constructively move forward.

Knowledge and knowledge creation have become central themes in the strategy,

innovation, and management literatures over the past several decades. Rightly so,
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organizational knowledge and knowledge creation processes play an important role in a

wide range of fundamental strategic and organizational phenomena, including:

» Explanations of firm heterogeneity (e.g., Kogut and Zander, 1992, 1996;
Conner and Prahalad, 1996; Nahapiet and Ghoshal, 1998; Nonaka, Toyama,
and Nagata, 2000);

+ Strategic decision making (e.g., Walsh, 1995; Kaplan, 2011);

» Organizational capabilities (e.g., Penrose, 1959; Nelson and Winter, 1982;
Levitt and March, 1988; Pentland and Rueter, 1994; Spender, 1996; Felin and
Foss, 2009);

» Dynamic capabilities (e.g., Teece, 2007; Augier and Teece, 2009);

* Innovation and technological change (e.g., Dosi, 1982; Cohen and Levinthal,
1990; Faulkner, 1994; Howells, 1995; Leonard-Barton, 1995; Hargadon and
Sutton, 1997; Nightingale, 1998; Carlisle, 2002, 2004; Hargadon and Fanelli,
2002; Fleming and Sorenson, 2004; Nickerson and Zenger, 2004; Hargadon
and Bechky, 2006; Arthur, 2007; Nickerson, Silverman, and Zenger, 2007;
Kaplan and Tripsas, 2008; Volberda, Foss, and Lyles, 2010);

» New product development (e.g., McCarthy, Tsinopoulos, Allen, and Rose-
Anderssen, 2006);

» Sensemaking and organizational identity (e.g., March, 1994; Kogut and
Zander, 1996; Weick, Sutcliffe, and Obstfeld, 2005; King, Felin, and Whetten,
2009);

 Institutional theory and social agency (e.g., March, 1994; DiMaggio, 1997;
Lawrence, 1999; Lawrence and Suddaby, 2006; Czarniawska, 2009; Fligstein
and McAdam, 2011);

* Management and organizational control systems theory (e.g., Ouchi, 1979;
Eisenhardt, 1985; Simons, 1995; Chiesa, Frattini, Lamberti, and Noci, 2009;
McCarthy and Gordon, 2011);

» The nature of entrepreneurial action (e.g., Buchanan and Vanberg, 1991;
Kirzner, 1999; Sarasvathy, 2001; Denrell, Fang, and Winter, 2003;
Sarasvathy, Dew, Read, and Wiltbank, 2008; Chiles, Bluedorn, and Gupta,
2007; Klein, 2008; Felin and Zenger, 2009; Gavetti, 2011; Foss and Klein,
2012).

A theory of knowledge creation contributes to these literatures in two ways. First,
it posits a theory regarding what, exactly, knowledge is — that is, it outlines a knowledge
ontology (c.f., Kogut and Zander, 1992; Faulkner, 1994; Nonaka, 1994; Spender, 1996;
Cook and Brown, 1999; Gourlay, 2006; Nonaka, von Krogh, and Voelpel, 2006).
Second, it explicates what processes, mechanisms, and other factors are involved in the
production of new knowledge (c.f., Cohen and Levinthal, 1990; Kogut and Zander, 1992;
Nonaka, 1994; Nahapiet and Ghoshal, 1998; Carlile, 2002, 2004; Hargadon and Fanelli,
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2002; Gourlay, 2006; Hargadon and Bechky, 2006; Nonaka, von Krogh, and Voelpel,

2006; Hakanson, 2007; Nonaka and von Krogh, 2009; Tsoukas, 2009). The meta-
objective of these theory building exercises is a comprehensive knowledge framework
that both underwrites and informs explanations invoking knowledge and knowledge

creation in the strategy and management literature.

The standard account of knowledge creation — which stems directly from the
seminal contributions of Cohen and Levinthal (1990), Kogut and Zander (1992), and
Nonaka (1994) — that has emerged over the past two decades is relatively

straightforward. It can be articulated in a few simple propositions.

The first proposition is a claim about the basic elements of knowledge. Drawing
on Ryle’s (1949) distinction between ‘knowing that’ and ‘knowing how’ and Polanyi’s
(1962, 1966a, 1966b) constructs of explicit and tacit knowledge, the standard account
posits that all knowledge can ultimately be reduced to two elemental kinds — declarative
knowledge and procedural knowledge (c.f., Kogut and Zander, 1992; Nonaka, 1994;
Gourlay, 2006). In positing this fundamental knowledge ontology of declarative and
procedural representations, Kogut and Zander (1992), Nonaka (1994), and Cohen and
Levinthal (1990) each explicitly and straightforwardly borrow from the cognitive sciences
where these constructs are a central element of the information processing paradigm
(c.f., Whetten, Felin, and King, 2009 on theory borrowing in organizational theory). In
this knowledge ontology, declarative knowledge representations encode knowledge of
facts, or propositions about the world while procedural knowledge representations
encode the knowledge involved in skillful action and categorical perception — neither of
which can be reduced to the other. These two basic knowledge kinds are the material
out of which the higher-order knowledge structures like mental models, frames,
dominant logics, etc. (Walsh, 1995; Kaplan, 2011), which underpin practice, are built
(Cohen and Levinthal, 1990; Kogut and Zander, 1992; Nonaka, 1994, c.f, Newell and
Simon, 1976; Newell, 1982; and Anderson, 1996 for a more detailed description of the
underlying cognitive architecture that underlies the standard account of knowledge

creation).

The second proposition is a claim about the fundamental processes of

knowledge creation — what Gourlay (2006) calls the ‘engine’ of knowledge creation. In
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the standard account, knowledge creation occurs via combinative processes that build
new stocks of declarative and procedural knowledge out of existing stores of knowledge
(and ongoing perceptual experience) and that associate together existing bits of
knowledge into higher-order assemblages that underwrite organizational capabilities and
competencies (c.f., Cohen and Levinthal, 1990; Kogut and Zander, 1992, 1996; Nonaka,
1994, see also Cook and Brown, 1999; Gourlay, 2006; Nonaka, von Krogh, and Voelpel,
2006; Nonaka and von Krogh, 2009; Tsoukas, 2009) and the processes of invention,
innovation, and creativity (c.f., Cohen and Levinthal, 1990; Kogut and Zander, 1992;

1996; Fleming and Sorenson, 2004; Nickerson and Zenger, 2004).

Drawing on prior research in the cognitive sciences, Cohen and Levinthal, for
example, contend that organizational problem solving, invention, and creativity depend
on the same basic associative (i.e, combinative) processes that underlie learning: “we
argue that problem solving and learning capabilities are so similar that there is little
reason to differentiate their modes of development....the psychology literature suggests
that creative capacity and what we call absorptive capacity are quite similar” (1990: 130-
131). In a similar vein, Nickerson and Zenger posit that “following previous work, we
assume that solutions to complex problems represent unique combinations or syntheses
of existing knowledge” (2004: 618; see too Kogut and Zander, 1992; Nerkar, 2003;
Fleming and Sorenson, 2004). In Nonaka’s (1994) model of organizational knowledge
creation, new organizational competencies and capabilities depend on the complex,
inter-related stocks of declarative and procedural knowledge that arise at the individual
level via combinative processes (what Nonaka termed the knowledge conversion spiral)
and subsequently are shared — and built upon — across the relevant communities of
practice (see too Spender, 1996’ Cook and Brown, 1999; Tsoukas, 2009). Here too,
though, the fundamental process of knowledge creation involves combinative processes.
Nonaka, for example, explicitly draws his model of ‘knowledge conversion’ from
Anderson’s ACT model of cognition (Nonaka, 1994: 18).

The third, and final, proposition defining the standard account of knowledge
creation concerns the broad explanatory project. The overarching research program of
the standard account is to explain the production of new stocks of knowledge because it
is out of the accumulated stocks of declarative and procedural knowledge that

competency and skilled action arise in the cognitive architectures that have been
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adopted by researchers interested in knowledge creation (Newell, 1982; Anderson,
1996). In these kinds of architectures, skilled action (e.g., Spender, 1996; Cook and
Brown, 1999; Weick, Sutcliffe, and Obstfeld, 2005) and creative problem solving
(Campbell, 1960; Cohen and Levinthal, 1990; Fleming and Sorenson, 2004; Nickerson
and Zenger, 2004) reflect rather straightforwardly the accumulation of prior knowledge.

Anderson notes:

Simon wrote ‘an ant, viewed as a behaving system, is quite simple. The
apparent complexity of its behavior over time is largely a reflection of the
complexity of the environment in which it finds itself’ (64). Simon argued
that human cognition is much the same—a few relatively simple
mechanisms responding to the complexity of the knowledge that is stored
in the mind (1996: 364).

The objective, then, is to explain how new knowledge — i.e., novel combinations
of stocks of existing knowledge and ongoing perceptual experience — is generated by
identifying the antecedents and moderators that affect the flows and stocks of
knowledge accumulation (e.g., Cohen and Levinthal, 1990; Nonaka, 1994; Nahapiet and
Ghoshal, 1998; Carlile, 2002, 2004; Hargadon and Fanelli, 2002; Hargadon and Bechky,
2006; Hakanson, 2007; Tsoukas, 2009; Volberda, Foss, and Lyles, 2010). Research
on knowledge creation reduces to a question of identifying what factors contribute to — or
otherwise affect — the accumulation of novel stocks of declarative and procedural

knowledge.

2.5. PROBLEMS WITH THE STANDARD ACCOUNT

When we turn our attention to scientific, engineering, and technological

knowledge creation, several problems with the standard account quickly emerge.

The first involves the problem of incommensurability that arises in the
development of new scientific, engineering, and technological frameworks (Kuhn, 1970;
Bird, 2000). Combinative process theories of knowledge creation postulate a deep
continuity between existing stocks of knowledge and new knowledge. Invention and
creative activity in the standard account are understood to reflect the combination of

existing elements of knowledge in novel combinations (Campbell, 1960). New concepts,
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then, have a lineage that rather directly derives from the current frontier of knowledge.
Kuhn (1970), however, showed that science does not always advance so continuously
(c.f., Dosi, 1982 for an analogous exploration of the advance of engineering and
technological knowledge). Periods of steady advance, or normal science, are
punctuated by periods of crisis, or revolutionary science, where radically new conceptual
frameworks and associated world-views displace the existing disciplinary matrix (Bird,
2000). These new frameworks that emerge are not continuous with the old. Kuhn

argues:

To make the transition to Einstein’s universe, the whole conceptual web
whose strands are space, time, matter, force and so on, had to be shifted
and laid down down again on nature whole....In a sense | am unable to
explicate further, the proponents of competing paradigms practice their
trades in different worlds (Kuhn, cited in Bird, 2000: 46).

More generally, the standard account of knowledge creation has difficulties
accounting for the large-scale structure of inquiry/progress in scientific, engineering, and
technological domains. Knowledge creation in these arenas does not proceed linearly
and accumulatively (Kuhn, 1970; Dosi, 1982; Bird, 2000; Rescher, 2000; Feyerabend,
2010). What Kuhn labeled ‘normal science’ — or the engineering and technological
analogs (c.f., Dosi, 1921) — dominated by well-established paradigms is always
confronted with ‘revolutionary’ paradigms (Feyerabend, 2010) and the emergence of
new domains of inquiry and exploration (Hofstadter, 1999; Bird, 2000). At the same
time, as Rescher notes, the progress of inquiry within a given framework itself proceeds
in a highly non-linear fashion, where we find “in the course of cognitive progress the
state of questioning changes no less drastically than the state of knowledge” (2000: 59).
Neither of these patterns of inquiry, however, can be explained — in any straightforward
manner, at least — within the standard account of knowledge creation where all cognitive
progress is reduced to the mere accumulation of incremental stocks of declarative and

procedural knowledge.

The origin of creative ideas is also problematic for the standard account, where
all new ideas are said to be generated by combinative processes. The problem here is
that the notion of combinative processes at the core of the standard account has proven

insufficient to account for scientific knowledge creation and, mutatis mutandis, for
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engineering and technological knowledge creation (Horgan and Tienson, 1994). As
Horgan and Tienson note, “Classicism has made very little progress in understanding
central processes,” which is problematic because “belief fixation — the generation of new
beliefs on the basis of current input together with other beliefs both occurrent and

nonoccurrent — is a paradigmatic example“ (1994: 312) of these kinds of processes.

While the standard account explains knowledge creation in terms of the
combination of discrete, atomic knowledge element precursors into more molecular
composites, Fodor argues that knowledge creation in science proceeds very differently:
‘it is (in Fodor’s terminology) isotropic and Quineian” (Horgan and Tienson, 1994: 312).
Quoting Fodor again:

By saying that confirmation is isotropic, | mean ....crudely: everything that
the scientist knows is, in principle, relevant to determining what else he
ought to believe....

By saying that scientific confirmation is Quineian, | mean...the shape of
our whole science bears on the epistemic status of each scientific
hypothesis....

The problem in both cases is to get the structure of the entire belief
system to bear on individual occasions of belief fixation. We have, to put
it bluntly, no computational formalisms that show us how to do this, and
we have no idea how such formalisms might be developed....In this
respect, cognitive science hasn’t even started; we are literally no farther
advanced than we were in the darkest days of behaviorism (Fodor, cited
in Horgan and Tienson, 1994: 312-314).

This problem, obviously, is particularly severe in the context of a theory of

scientific, engineering, and technological knowledge creation.

Finally, the knowledge ontology at the core of the standard account fails to
provide an adequate space for the kinds of model representations that have risen to
prominence in recent discussions of scientific cognition and practice within the

philosophy of science over the past several years (Giere, 2006; Godfrey-Smith, 2006a,
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2006b, 2009; Frigg and Hartmann, 2009; Frigg, 2010) and epistemology (Floridi, 2011) *.
For Giere (2004; 2006), models and model-based cognition are the ineliminable core of
theorizing and scientific practice — not adjuncts (c.f. Cartwright, 1997, 2010). “For
Giere,” Godfrey-Smith notes “models are idealized structures that we use to represent
the world via resemblance relations between the model and real-world target systems”
(2006a: 725-726). Scientific practice, then, from this perspective, is understood in terms

of building and using models to represent, study, and investigate some part of the

! While the term ‘model’ has numerous disparate connotations in the natural and
social sciences and philosophy, the construct of a model representation as a precise
technical term within the philosophy of science reflects recent work on the foundations of
scientific cognition (c.f., Godfrey-Smith, 2006a) that should not be conflated with other,
similar constructs. At the same time, as Frigg and Hartmann (2009) note, within the
philosophy of science the construct is itself still evolving as inquiry into model-based
conceptions of scientific practice evolves. A fairly broad conception of model-based
representations is posited in this paper, including, for example, both the highly abstract,
idealized models that Godfrey-Smith (2006a) takes as paradigmatic members of this
class as well as the kinds of direct representations that Godfrey-Smith considers
somewhat different. While not dismissing the important differences between these two
kinds of representations, the position taken here is that they are best understood as
different kinds of the super-ordinate construct. By the same token, | take it as relatively
unproblematic and straightforward to extend the construct of model-based
representations to areas of applied science, engineering, and technological
representations too. Following Rescher (2012), | take erotetic (i.e., explanatory),
predictive, and pragmatic cognition to be fundamentally of one kind (c.f., Popper, 1979;
Klemke, Hollinger, Wyss Rudge (1998). Like Godfrey-Smith’s abstract, highly idealized
and direct representation models, then, | class applied science, engineering, and
technological model-based representations under the same super-ordinate construct of

model representations.
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(natural or social) world while engineering and technological practice is understood in

terms of using models to create new technologies, systems, or artifacts.

Importantly, model representations are not reducible to declarative or procedural
knowledge structures (Giere, 2006; Frigg and Hartmann, 2009; Floridi, 2011).
Ontologically, they are an autonomous kind of knowledge in the same way that
declarative and procedural knowledge are autonomous from one another (and from
model representations). That models are distinct from declarative representations can
be seen when we consider that any single model can have many different descriptions
(Giere, 2006; Frigg and Hartmann, 2009). There is, in other words, a many-to-one
mapping from declarative knowledge representations to model representations. And
while building and using models frequently involves physical actions, model-based
cognition is fundamentally an epistemic, rather than pragmatic activity (Kirsh and Maglio,
1994).

The upshot is that while the standard account supposes all cognition is mediated
by declarative and procedural knowledge structures, recent work in the philosophy of
science and epistemology indicate that a distinct, and ontologically autonomous, kind of
knowledge — model representations — are, in fact the central representational vehicle in
scientific, engineering, and technological cognition. In these contexts, declarative and
procedural knowledge are subservient. We talk about models and work with models in
the course of scientific, engineering, and technological activity (c.f., Hargadon and
Sutton, 1997; Bucciarelli, 2002; Carlile, 2002, 2004; Hargadon and Fanelli, 2002;
Hutchins, 2005; Hakanson, 2007; Menary, 2007; Clark, 2008; Nersessian, 2009), but
these are ancillaries — the main epistemic load is carried by the model
representations (Giere, 2004, 2006).

2.6. A THEORY OF STRATEGIC DOMAIN PIONEERING

There are two main questions that need to be answered when we look at a
theory of knowledge creation. The first asks what is the theory of knowledge that is
being postulated. This question seeks to understand what it is that is being created
when new knowledge is being created. The second asks how the processes of

knowledge creation should be understood within the theory. This question seeks to
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understand what sort of processes are involved in the creation of new knowledge. At the
same time, the theory of strategic domain pioneering suggests that scientific,
engineering, and technological knowledge creation can be strategic — i.e., that these
kinds of knowledge creation activities can be ‘tuned’ toward organizational objectives.
This raises additional questions regarding how, contra Ouchi (1979), scientific,
engineering, and technological knowledge creation processes can be effectively

managed.

When we turn to theory of strategic domain pioneering, the answers to these
questions are relatively straightforward. In simplest terms, the theory of strategic domain
pioneering can be encapsulated in the following sets of propositions:

(P1) The epistemic core of scientific, engineering, and technological cognition is
best understood in terms of the capacity to construct, explore, and reason with model
representations within a specific domain of scientific, engineering, or technological

activity.

(P2) The capacity to engage in these kinds of scientific, engineering, and
technological activities is made possible — and constituted — by epistemic actions within
an amalgamated system of extended cognitive resources where external

representational vehicles are used as Galilean thought tools.

(P3) Scientific, engineering, and technological knowledge creation is best
understood as the construction of the capacity to engage in these kinds of scientific,
engineering, and technological model-based cognition in novel domains of scientific,

engineering, or technological activity. This is termed domain pioneering.

(P4) Domain pioneering, in turn, is made possible — and constituted — by
epistemic action within an amalgamated system of extended cognitive resources that
serves to (i) frame new research programs, (ii) seed new model systems, and (iii)

actively drive the ongoing trajectory, or flow, of thought.

(P5) Domain pioneering becomes strategic when it is oriented toward achieving
specific higher-level, strategic organizational goals and objectives through

Schumpeterian innovation in products, technologies, and modes of production. That is,
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when pioneering novel domains of scientific, engineering, or technological activity is

undertaken to support nonlocal action.

Drawing on the model-based conception of scientific, engineering, and
technological cognition in the philosophy of science (e.g., Giere, 2004, 2006; Godfrey-
Smith, 2006a, 2006b; Frigg and Hartmann, 2009) and the extended cognition paradigm
in the cognitive sciences (Clark, 1997, 2008; Clark and Chalmers, 1998; Menary, 2010;
Rowlands, 2010; Theiner, 2011), the theory of strategic domain pioneering builds on a
very different set of conceptual foundations than does the standard account. It also
seeks to answer a somewhat different set of problems. Not surprisingly, then, the theory
of strategic domain pioneering differs from the standard account on a point by point
basis across all three basic elements that (jointly) define the space occupied by a theory
of knowledge creation: knowledge ontology, fundamental knowledge creation processes,
and underlying explanatory project. The following sections provide a brief overview of

the central elements of the theory of strategic domain pioneering.

2.6.1. Rethinking the nature of knowledge

In the standard account, knowledge is understood in terms of stocks of
declarative and procedural representations. Cook and Brown (1999) described this
conceptualization of knowledge as the ‘epistemology of possession’. The basic idea is
that knowledge is an object. Agents with the right stocks of knowledge can perform a
particular set of actions or talk about some set of facts about the world because they
have access to the relevant stores of declarative and procedural knowledge; agents who

do not possess the right stores of knowledge, conversely, do not.

In the theory of strategic domain pioneering, scientific, engineering, and
technological knowledge is understood as the capacity to engage in fluid model-based
cognition within a particular domain (Giere, 2006). This conception of scientific,
engineering, and technological cognition is ultimately very different from that posited in

the standard account.
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Giere notes that conception of theories as propositional entities (i.e., made up of
a fixed stock of declaratives) “is deeply entrenched, particularly in philosophy and
philosophy of science” (2006: 60).2 Scientific, engineering, and technological practice,
however, sits uncomfortably with the standard account of knowledge. Analyzing actual
scientific practice, Giere (2004, 2006), Ohlsson (1993), and Ohlsson and Lehtinen
(1997) argue that the idea of a theory as some sort of thing, or an object, is a mistake.
In this framework, theorizing is understood in terms of the capacity to build, explore,
learn from, and reason with models (c.f., Ohlsson and Lehtinen, 1997; Cartwright, 2009),
not the possession of some set of facts or propositions. From this perspective, there is,
in fact, no theory per se. Rather, what there is is a fluency in constructing models in
some domain out of more abstract building blocks which are capable of being fleshed
out in a more concrete fashion for particular purposes (Ohlsson and Lehtinen, 1997;
Giere, 2006; Cartwright, 2009).

The standard account is even more problematic when we turn to the design
processes at the core of engineering and technological cognition where sketching and
modeling play a central role (Alexander, 1964; Goel, 1995; Graham, 2004). Designing is
a process of iteratively, and often recursively, evolving forms to meet a desired function
by working out models (Alexander, 1964; Goel, 1995; Graham, 2004; c.f., Howells, 1995;
Arthur, 2007). But models are not discursive structures (Giere, 2006; Frigg and
Hartmann, 2009) and modeling and sketching processes involving the construction of
novel forms are not well explained by cognitive architectures predicated on motor
programs based on production system cognitive architectures (c.f., Simon, 1999) like
those posited to underwrite procedural knowledge (Collins and Kusch, 1998; Sennett,
2008).

% The same, mutatis mutandis, is held to be true in engineering and design, where, even though
designers frequently employ diagrams or other, similar, kinds of representations, the
prevailing assumption has been that these are informationally equivalent to propositional
representations and that cognition ultimately depends on ‘translating’ between the non-
discursive representations and the language of thought (c.f., Goel, 1995).
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Following Ryle (1949), what is required is an account of performances; a
specification of what it is that underwrites an agent’s abilities in some task environment.
The objective here, according to Dennett, Ryle’s student, is to specify “how could any
system (with features A, B, C, ...) possibly accomplish X?” where X stands for some
aspect of cognition (Dennett, 1978: 111). As Dennett says, “this is an engineering
question” (1978: 111, emphasis in original). The answer lies in the specification of a
system that can do X, not in the discovery and articulation of laws that show how X is
nomically expected in some context (Cummins, 2000; Kim, 2002, 2005; Bechtel and
Abrahamsen, 2005). This is a very different conceptualization of knowledge than the

one seen in the standard account.

The central insight of the cognitive revolution is that cognition can be explained
by reference to cognitive architectures specifying what Horgan and Tienson term the
‘rules and representations’ that underwrite some performance (1996, 1999; c.f., Marr,
1982). Within this framework, representations — rather straightforwardly — refers to the
representational vehicles that encode an agent’s knowledge, while rules refers to the
(computational, logical, dynamic, etc.) processes underlying cognition. Taken together,
a set of rules and representations constitutes a cognitive architecture. To explain a
specific performative ability, then, entails specifying a cognitive architecture composed of
some specific set of rules and representations that enables an agent to perform the task
in question. In the context of the theory of strategic domain pioneering, this general
imperative involves specifying the architecture involved in scientific, engineering, and

technological knowledge creation for strategic purposes.

Traditionally, the strong assumption underwriting the cognitive sciences is that
the idea that cognition is something that occurs in the brain. Clark calls this the
‘BRAINBOUND’ model of cognition — the idea that “all human cognition depends directly

on neural activity alone” (2008: xxvii). In this paradigm, the rules and representations
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that constitute the cognitive architecture are realized in the brain’s neural machinery in

some way or another.?

Functionalism in the theory of mind, however, asserts that the rules and
representations that constitute a cognitive architecture are defined by their function — or
the roles they play — within the overall cognitive system, not the physical stuff they are
made out of (Clark, 2008; Rowlands, 2010; c.f. Lowe, 2000). In contradistinction to the
BRAINBOUND assumption of traditional cognitive science, then, the extended cognition
paradigm (Clark, 1997; 2008; Clark and Chalmers, 1998; Menary, 2010; Rowlands,
2010; Theiner, 2011), asserts that machinery of cognition, in certain conditions, is seated
in “hybrid ensembles of neural, bodily, and environmental elements” (Clark, 2008: xxviii).
These amalgamated systems (Rowlands, 2010) comprise extended functional cognitive
systems where the rules and representations that constitute cognition are realized in
representational vehicles and processes that involve neural and non-neural elements.
As Clark describes it:

the actual local operations that realize certain forms of human cognizing
include inextricable tangles of feedback, feed-forward, and feed-around
loops: loops that promiscuously criss-cross the boundaries of brain, body,
and world. The local mechanisms of mind...are not all in the head.
Cognition leaks out into the body and world (2008: xxviii).

Cognition is extended in two different senses in this framework. Rather
straightforwardly, the extended cognition paradigm asserts that the machinery of
cognition can, in certain circumstances, extend beyond the central nervous system in
important, non-trivial, ways — the very machinery of cognition is understood to be
(potentially) spatially and physically extended. But, there is a more important way in
which cognition can be understood to be extended. In a literal sense, extended
cognitive systems can have capabilities that exceed those of ‘naked’ agents who must

rely solely on their innate neural resources (Clark, 1997, 2008; Sterelny, 2004; Hutchins,

® That is, in some sort of classical or nonclassical cognitive architecture (Horgan and Tienson,
1994).
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2005; De Cruz and De Smedt, 2010; Theiner, 2011; see to Croshy, 1997). This notion is
captured by Dahlboom, who argues that “just as you cannot do very much carpentry with
your bare hands, there is not much thinking you can do with your bare brain” (cited in
Theiner, 2011: vii). Here, it is the notion that it is the cognitive capabilities of the agent
that are extended that is being stressed. And it is this second notion of extension that is
by far the most important for the theory of strategic domain pioneering because it turns
out that the cognitive architecture that underwrites scientific, engineering, and
technological cognition and knowledge creation fundamentally depends on the

affordances provided by these kinds of amalgamated cognitive systems.

The theory of strategic domain pioneering highlights the fundamental, irreducible,
role played by model representations in scientific, engineering, and technological
cognition and knowledge creation. These model representations are a central element
of the knowledge ontology posited by the theory. From a functional perspective,
Godfrey-Smith states that:

a rough definition of the relevant sense of ‘model’ can be given as follows:
a model is an imagined or hypothetical structure that we describe and
investigate in the hope of using it to understand some more complex,
real-world ‘target’ system or domain (2006b: 7).

The scope of these models quickly tends to exceed the limited cognitive
resources of the naked brain (Clark, 1997, 2008; Sterelny, 2004; Hutchins, 2005).
Consequently, the representational vehicles that constitute all but the most simple
models intrinsically depends on the incorporation and use of non-neural resources.
Hutchins (2005) described this as a process where external vehicles serve to ‘stabilize’
and concretize the representation, which is best understood as hybrid of internal and
external representational elements whose parts compliment one another from a
functional perspective (c.f., Sterelny, 2004; Clark 2008). The non-neural component(s)
can include elements like physical models, equations, diagrams, computer simulations,

or verbal descriptions (Godfrey-Smith, 2006a; Frigg and Hartmann, 2009).

These physical bits are not the model itself, however. Giere stresses that the
actual model is itself an abstract object (2006). Rather, these external resources serve

as scaffolds for constructing, exploring, and/or interacting with aspects of the (abstract)
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model system for some particular purpose (Giere, 2004; 2006). These representational
vehicles are the means through which agents can contemplate particular aspects of
complex, abstract model systems that would be cognitively inaccessible to agents forced
to rely solely on their innate neural resources (Popper, 1979; c.f, Menary, 2007; Clark,
2008; De Cruz and De Smedt, 2010).

The equations, diagrams, physical models, and descriptions employed in
modeling are used as a means of positing (Frigg, 2010; c.f., Godfrey-Smith, 2006b),
exploring (Godfrey-Smith, 2006a, 2006b; Cartwright, 2009), and/or thinking about
(Godfrey-Smith, 2006b; Cartwright, 2009; De Cruz and De Smedt, 2010) some aspect of
the abstract model system. In this sense, following Cartwright (2009), they are Galilean
thought tools (GLTSs) in that they are used to conceptualize specific properties of the
abstract model in isolation. Postulating entities with certain, specific properties and a set
of relations between the various postulated entities, the modeler is able to explore the
emergent properties of the model system in order to learn about a particular target
system (Godfrey-Smith, 2006a, 2006b; Cartwright, 2009; De Cruz and De Smedt, 2010)
or explore potential design alternatives (Alexander, 1964; Goel, 1995; Graham, 2004).

In this way, these Galilean thought tools enable the scientist, engineer, or designer to
contemplate and/or work on models that would otherwise be inaccessible if they were
forced to rely solely on the affordances of their innate neural resources (De Cruz and De
Smedt, 2010).

Building, exploring, and thinking with abstract models in scientific, engineering,
and technological domains proceeds by picking out external resources and using the
affordances that these resources make available to build up partial, perspectival (Giere,
2006) representations of model systems and to reason about such systems (Godfrey-
Smith, 2006a, 2006b; Cartwright, 2009; De Cruz and De Smedt, 2010). In these
contexts, the agent’s physical actions comprise an irreducible element of the cognitive
processes that underlie the agent’s higher-level cognitive capacities (Clark, 2008;
Rowlands, 2010; Theiner, 2011).

Kirsch and Maglio (1994) introduced the construct of epistemic action to highlight
these kinds of physical actions that agents perform to augment cognition (c.f., Clark,

2008; De Cruz and De Smedt, 2010; Theiner, forthcoming). Where pragmatic action
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involves modifying some part of the world to achieve a physical goal, epistemic action
involves modifying some part of the world for cognitive gain. Clark (2008) argues that
thinking, learning, and reasoning, in these contexts, is constituted by the epistemic
actions which loop out from the agent to the world and back again (see also Rowlands,
2010; Theiner, 2011). These epistemic actions, in other words, are functionally part of
the cognitive processes that comprise scientific, engineering, and technological
cognition. The most important of these higher-level cognitive processes for scientific,
engineering, and technological practice include the abilities to capture and structure
observations (Crosby, 1997; Giere, 2006), build up representations of phenomena
(Woodward, 1989; Kim, 2005; Giere, 2006), construct abstract model systems (Ohlsson
and Lehtinen, 1997; Giere, 2006; Godfrey-Smith, 2006a, 2006b; Cartwright, 2009), and
reason in cognitively opaque domains (De Cruz and De Smedt, 2010) — all of which
fundamentally depend on epistemic action involving Galilean thought tools.

This argument can be summarized in two claims. The first is that scientific,
engineering, and technological knowledge, from the perspective of the theory of strategic
domain pioneering, is best understood in terms of the capacity to build, explore, and
reason with models. The second is that the theory of strategic domain pioneering
asserts that the capacity to engage in these kinds of activities is made possible, and

constituted, by epistemic action on Galilean thought tools.

2.6.2. The explanatory project of the theory of strategic domain
pioneering

As noted, the explanatory project of the standard account is the explication of the
factors involved in the production of new stocks of declarative and procedural
knowledge. Underlying this is a Humean perspective of science that holds that the sole
objective of science is the elucidation of lawful empirical relationships (Bhaskar, 2008;
c.f.,, Cummins, 2000; Bechtel and Abrahamsen, 2005). In the case of the standard
account, this norm has been operationalized as the search for variance and process
accounts (Van de Ven and Engleman, 2004) of the factors involved in knowledge

creation.

The theory of knowledge underlying the theory of strategic domain pioneering

holds to a very different explanatory project. Instead of seeking to identify the processes
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and factors responsible for generating new stocks of declarative and procedural
representations, the theory of strategic domain pioneering seeks to understand how the
capacity to engage in scientific, engineering, and technological cognition within novel
domains — or fields — of scientific, engineering, and technological activity is made
possible and how these kinds of strategic knowledge creation activities can be managed

for strategic gain.

2.6.3. A model of strategic domain pioneering

In mature domains of scientific, engineering, and technology, there are a wide
array of what Sterelny (2004) termed common-use cognitive resources that can be
drawn upon, most of which are well established in the relevant epistemic community
(Kuhn, 1970; Bird, 2000; Giere, 2006). Kuhn argued that these field-level cognitive
resources form the disciplinary matrix within which ‘normal science’ progressed (Bird,
2000). At the same time, mature domains are typically oriented toward a number of well
established projects or research programs. In scientific domains, these projects
engender a sequence of inter-related questions that drive inquiry along well defined
trajectories (Popper, 1979; Rescher, 2000). It has frequently been argued in the
technology innovation literature that analogous trajectories emerge in the sequence of

product and technology development for similar reasons (Dosi, 1982; Clark, 1985).

Domain pioneering involves establishing novel research programs in new fields
of scientific, engineering, and technological activity where these kinds of field-level
research programs and epistemic resources do not exist.* An account of strategic

domain pioneering, then, must explain how novel research programs — often requiring

* In spite of intuitions which may suggest otherwise, in actual fact domain pioneering
is a fairly commonplace occurrence in scientific practice (Hofstadter, 1999; Bird, 2000;
Feyerabend, 2010). The large literature on ‘radical’ innovation would suggest that
similar features are seen in the large scale structure of engineering and technological

innovation too.
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significant conceptual innovation — can be established outside of the frontiers of

established scientific practice.

The theory of strategic domain pioneering asserts that there are three primary
kinds of processes involved in establishing novel research programs in new domains of
scientific, engineering, and technological activity: (i) top-down processes involved in
framing new problems situations and research programs, (ii) bottom-up processes
involved in seeding new model systems, and (iii) concurrent processes used to actively
drive the ongoing trajectory of flow of thought of scientists, engineers, technologists, and
designers working in novel domains. Moreover, the theory of strategic domain
pioneering posited here asserts that all three of these domain pioneering processes
depend on, and are constituted by, epistemic action on Galilean thought tools.

Rescher (2000) argues that the large scale structure of the path of inquiry (or
design) is set along a particular trajectory by the initial framing of the research problem
(c.f., Popper, 1979; Goel, 1995). Problem framing is the top-down process of problem-
space structuring that transforms ill-structured problems into well structured problems
(Goel, 1995). Framing drives the trajectory of inquiry, because as Paul Souriau noted, “a
question well posed is half answered” (cited in Campbell, 1960: 385). In the context of
scientific, engineering, and technological domain pioneering, these top-down framing
processes involve working out a stylized description of the problematic (Woodward,
1989; Howells, 1995; Kim, 2002, 2005; Arthur, 2007; Helfat, 2007) which orients
subsequent cognitive activities toward the solution of particular problems. In scientific
domains, the questions revolve around how to explain some aspect of a phenomena
(Kim, 2002, 2005), while in technological and engineering domains the questions
typically revolve around finding a design that generates an adequate solution to the
design brief (Howells, 1995; Arthur, 2007).

These top-down problem space structuring processes are complemented by
bottom-up processes that posit new ‘props’ that underwrite the construction of new, and
often innovative, conceptual frameworks (Frigg, 2009) for some domain of science,
engineering, or technology. Where top-down framing processes structure a domain’s
explananda, these bottom-up prop-positing processes seed explanantia for building

models upon which highly elaborated models can be constructed in conceptual
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integration networks (Fauconnier and Turner, 2002). Many of the properties of the
different parts of the resultant models, then, are implicitly defined by their context of use
within these models and conceptual novelty emerges as both old and new elements of
models are ‘worked out’ and ‘stretched’ to fit new circumstances (Van Dyck, 2005; Clark,
2008; De Cruz and De Smedt, 2010).

These top-down and bottom-up domain pioneering processes operate on and
define the large-scale structure of inquiry and design within specific domains of science,
engineering, and technology. Epistemic action on Galilean thought tools, however, can
also be deployed to influence and direct the occurrent flow and trajectory of thought.
Heuristics, check lists, directions, and other, similar kinds of tools are often deployed by
novices in the development of expertise and by experts to augment performance in real-
time (Clark, 2008). Clark (2008) argues that language, too, can serve as an important
class of extended cognitive resources. He argues that “on the artifact model [of
languagel],...words and sentences remain potent real-world structures encountered and
used by a basically (though this is obviously too crude) pattern-completing brain” (Clark,
2008: 56). Such structures can be used to reliably drive the trajectory of thought, Clark
argues: “words and sentences act as artificial input signals, often (as in self-directed
speech) entirely self-generated, that nudge fluid natural systems of encoding and

representations along reliable and useful trajectories” (2008: 54).

Domain pioneering becomes strategic when knowledge creation is oriented
toward specific fields in the pursuit of Schumpeterian innovation and nonlocal action.
Here, domain pioneering activities are analogous to what Mintzberg, Ahlstrand, and
Lampel (1998) termed ‘intended strategy’. Just as realized strategy reflects the flow of
emerging events and ongoing decision making on the intended course of action, the
course of knowledge creation is also inevitably affected by the contingencies that arise
out of the pursuit of knowledge itself. The notion of an intended direction, nonetheless,

remains valid in both cases.

2.7. DISCUSSION

The model presented in the previous section articulates a framework for

understanding how the capacity to engage in new domains of scientific, engineering, and
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technological activity can be actively constructed by organizations. To get here, it was
necessary to rethink the foundations of the theories of knowledge and knowledge
creation that have dominated discussions in the management and strategy literature to
date. In the processes, it was necessary to reconsider the nature of the explanatory
project itself. The construct of knowledge was transformed from one of ‘stocks’ of
declarative and procedural knowledge elements to a more dynamic notion of a capacity
to engage in certain kinds of key activities — the most important of these being the ability
to construct, explore, and reason with models. Accordingly, we see now that the
explanandum of a theory of knowledge creation is better understood in terms of the
capacity to generate and engage in these kinds of model-based cognitive capabilities
than something like the project of explicating the processes involved in the generation of
stocks of flows of knowledge elements that has been the primary focus of much prior
research. Identifying the antecedents and moderators of knowledge creation remains an
important task, but the underlying understanding of what it is that is being created when
we create new knowledge in organizations looks very different in the framework

forwarded here.

Figure 1 summarizes the key differences in perspective between the theory of
strategic domain pioneering introduced in this paper and the traditional view of
knowledge creation in the management literature across a number of fundamental

dimensions.
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What is Scientific/
Technological
Knowledge

How Knowledge is
Understood

How is Knowledge
Creation Conceptualized

Nature of Knowledge
Creation

Scope for Strategic
Control

Explanatory Project

Foundational Literature

+ A thing - Stocks of declarative and

procedural knowledge at the
Knowledge Level (Newell, 1981)

Discrete representational elements
underwrite abilities of general
purpose agents

Novel combinations of more
elemental representations

Blind generate and test/evolutionary
model at core

Frontier advances incrementally via
novel combinations of existing
elements; commensurability
maintained

Limited scope for top-down control
via paradigmatic/clan controls

Processes that generate knowledge
stocks

Classical model of cognitive science

= An ability - capacity to build, explore, and
reason with models of target system

* Agent + cognitive niche underwrite higher-
order capabilities
+ Cognition as epistemic action w/in niche

* Pioneering novel domains

« Cognitive niche construction (Clark, 2008)
via (i) domain structuring, (ii) seeding, (iii)
coordination dynamics

* Frontier advances incrementally or
revolutionarily via pioneering novel
domains; commensurability not assured

* Wide scope for top-down control/strategic
domain pioneering in pursuit of firm goals

* Processes that outline ‘How it
works’ (Cummins, 2000; Dennett, 1978)

* Extended cognition model/phil. of science

Figure 1.

Rethinking the Nature of Knowledge Creation

This change in perspective suggested by the introduction of the theory of

strategic domain pioneering is important. Some concluding thoughts regarding the

implications of these conceptual moves are appropriate here.

The first set of implications concerns the notion of strategic knowledge creation

processes as a technology of exploration and a technology of nonlocal action. > At the

outset of this paper, | suggested that the framework for strategic domain pioneering

® Importantly, the two are different. That is, while strategic knowledge creation processes can be,
simultaneously, a technology of exploration and a technology of nonlocal action, as a general
rule, not all technologies of exploration need be a technology of nonlocal action too, and vice

versa.
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developed in this paper can, and should, be understood as a technology of exploration
(March, 1991, 1994, 2006, 2010) and technology of nonlocal action (Gavetti, 2011). We
can now understand what this means more clearly. Strategic domain pioneering
involves organizing knowledge creation activities towards achieving a capacity, or
capability, to engage in construction, exploration, and reasoning processes involving
models (as this construct has been developed in this paper) in some particular domain of
science, engineering, or technology. These capacities make possible the kinds of
Schumpeterian innovation in products, technologies, and productive capabilities (i.e.,
Winter’s (2003) zero-level capabilities) that can have the capacity — under the right
conditions — to transform industries and markets. The processes underlying strategic
domain pioneering, therefore, represent a means of generating novelty and innovation;
they are what March would call a technology of exploration (March, 1991, 2011). And as
such, they open up the scope for nonlocal action through which firms have the
opportunity to evade, however temporarily, the full brunt of competition that dominates
performance when firms compete in similar parts of the competitive landscape (Gavetti,
2011). In so doing, they are a technology for nonlocal action — a means for pioneering

new possibilities for positioning in the competitive landscape.

The most distinctive feature of strategic domain pioneering as a technology of
exploration is that it is purposive. It involves a kind of intended knowledge creation that
is analogous to Mintzberg, Ahlstrand, and Lampel’s (1998: 12) construct of intended
strategy. Just as the construct of intended strategy describes an organizational-level
commitment to undertaking some highly specific set of integrated actions in pursuit of
some set of more general organizational goals, strategic domain pioneering entails the
development of highly specialized kinds of knowledge-related capacities — involving the
capacity to operate in some specific, novel domain of science, engineering, or
technology — in the pursuit of new strategic positions, opportunities, and sources of
advantage (Kirzner, 1999; Klein, 2008).

Evolutionary models of strategy, by contrast, view innovation as essentially
serendipitous: “economic agents may stumble upon distant opportunities, but they lack
the intelligence needed to search for and act on them reliably” (Gavetti, 2011: 2). The
technologies of exploration highlighted in this tradition are non-purposive; the analog,

here, is something closer to Mintzberg et al.’s construct of emergent strategy. The
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guiding idea seems to be that investment in innovation is more like a lottery than a plan.
Firms can take steps to build absorptive capacity to enhance their ability to recognize
and adapt knowledge developed outside of the organization (Cohen and Levinthal, 1990;
Volberda, Foss, and Lyles, 2010), create ‘protected harbors’ within the organization
where ideas can grow free® from the more immediate constraints imposed by the logic of
exploitation that characterizes the rest of the organization (Raisch, Birkenshaw, Probst,
and Tushman, 2009; March, 2010), or encourage investment in R&D focused on novel,
emerging, and pioneering technologies over familiar, mature, and propinquitous
technologies in order to enhance the probability of making ‘breakthrough inventions’
(Ahuja and Lampert, 2001), but the knowledge outputs gained from these endeavors can
not be specified or anticipated in advance, much less pursued purposefully — they are
strategies for endogenizing luck by investing in serendipity.

Emergent and intended strategy are complementary (Mintzberg, Ahlstrand, and
Lampel, 1998). So too are purposive technologies for exploration, like strategic domain
pioneering, and non-purposive technologies of exploration, like those highlighted in the
prior paragraph. They are different means to similar ends. The objective of purposive
and non-purposive technologies for exploration alike is to enable innovation. Their are
significant differences, though. Perhaps the most important difference is that purposive
technologies for exploration, like strategic domain pioneering, enable the deliberate

pursuit of nonlocal action in ways that non-purposive technologies for exploration do not.

Strategic domain pioneering involves pioneering specific kinds of novel
technologies or pushing specific new fields of scientific research and discovery forward
at the organizational-level. When undertaken with an eye to the construction of specific
opportunities (Kirzner, 1999; Klein, 2008; Sarasvathy, Dew, Read, and Wiltbank, 2008)
via Schumpeterian innovation in products, technologies, and the means of production,
such idiosyncratic knowledge resources can be a powerful source of competitive
advantage (Barney, 1986b; Barney, 1991; Hamel and Prahalad, 1994, Nonaka, Toyama,
and Nagata, 2000; Nickerson and Zenger, 2004). This is especially true when strategic

® Or, at least, freer than they would be, otherwise.
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domain pioneering is undertaken in the context of an overarching set of plans about how
the firm will compete in the market and differentiate itself from its rivals on the basis of
the new knowledge so developed (c.f., Chiles, Bluedorn, and Gupta, 2007; Klein, 2008)
and when it involves the construction of new, complex, and highly idiosyncratic
organizational capabilities (Teece, 2007; Augier and Teece, 2009) that enable the firm to

compete in ways that rivals find difficult to replicate or otherwise respond too.

Whereas strategic domain pioneering processes are undertaken in the context of
— and oriented towards — a firm’s intended strategy, the whole point of non-purposive
technologies for exploration is to encourage discovery and invention outside of the
current range of firm activities and strategies. They exist to generate novelty (March,
2010). But novelty, in and of itself, is far from sufficient to underwrite the pursuit of
nonlocal action in the absence of an overarching drive toward the creation of new
opportunities and capabilities (Klein, 2008; Teece, 2007; Augier and Teece, 2009). Non-
purposive technologies for exploration create something like real options (McGrath,
1999; Adner and Levinthal, 2004). In order to become strategically valuable, these
options have to be further developed and incorporated into the organization’s plans and

primary strategic thrusts.

At the same time, non-purposive technologies for exploration are agnostic, for
the most part, about the magnitude of novelty that is generated as measured by ability of
the firm to underwrite nonlocal moves on the competitive landscape on the basis of the
knowledge so generated. In the first place, radical discoveries in the laboratory do not
necessarily always lead to disruptive effects on competitive positioning. But perhaps
more importantly, there is nothing like a ‘magnitude of novelty’ parameter setting for non-
purposive technologies for exploration that management can adjust to suit its needs.
Non-purposive technologies for exploration remain something of a black box of
innovation where the outputs generated are rather ambiguously related to inputs (i.e.,
time, money, effort) invested and where the magnitude of discovery and invention is
seemingly randomly distributed, largely outside the control of management intervention
or control (c.f., Ouchi, 1979).

A second set of implications concerns the theory of organizational and

managerial control systems. The literature on control systems has identified four
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primary kinds of control systems: (i) output controls, which operate by pre-specifying
desired results and measuring organizational outputs to determine if outputs are aligned
with objectives (Ouchi, 1979; Eisenhardt, 1985; Simons, 1995); (ii) process controls,
which operate by pre-specifying the procedures or algorithms to be employed in a
particular production process and monitoring organizational processes and routines to
ensure that the correct procedures are, in fact, being followed (Ouchi, 1979; Eisenhardt,
1985; Simons, 1995); (iii) paradigmatic controls, which operate by instilling a set of
common norms, values, beliefs, identities, role-structures, and conceptual frameworks in
a group via in-depth socialization processes which act to both guide and constrain group
member actions and decisions (Berger and Luckmann, 1966; Kuhn, 1970; Lakatos and
Musgrave, 1970 Ouchi, 1979; DiMaggio and Powell, 1983; March, 1994; Simons, 1995;
Kogut and Zander, 1996; Bird, 2000; Weick, Sutcliffe, and Obstfeld, 2005; Emirbayer
and Johnson, 2008); and (iv) vision controls, which operate by specifying higher-order
(organizational) goals, strategic intent, and aspirations that enable individuals and
groups to orient myriads of diverse current activities towards an overarching, commonly
held, long-term ideal that defines the organization’s mission and organizing purpose
(Weick, 1979; Hamel and Prahalad, 1993, 1994; March, 1994; Simons, 1995; Nonaka
and Toyama, 2005). Collectively, these four modes of control offer a wide scope of
different mechanisms for driving behavior towards desired ends. At the same time, one
can reasonably ask whether or not these four modes of control represent a
comprehensive typology of control that spans the space of possibilities. The answer |

would like to suggest is that they do not.

The theory of strategic knowledge creation outlined in this paper explains how, in
principle, organizations have the capacity — to some extent at least — to shape the
trajectory of scientific, technological, and engineering knowledge creation and
knowledge outputs over time. It illustrates, in other words, how knowledge creation
processes can be purposefully directed toward particular ends in accord with the
organization’s overarching strategic goals (c.f., Hamel and Prahalad, 1994; Kirzner,
1999). More specifically, the model of strategic domain pioneering introduced here
outlines a number of important mechanisms and processes that have the capacity to
shape the large-scale structure of inquiry by way of structuring novel research programs

and positing novel conceptual frameworks and the capacity to influence the fine-
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structure of inquiry by influencing the ongoing trajectory of cognitive activity by means of

coordination dynamics and heuristic prompts.

In practice, the three main processes of strategic domain pioneering used to
pioneer novel domains of scientific, engineering, and technological knowledge and
expertise — domain structuring processes, element seeding processes, and coordination
dynamics — can be recognized in many instances of actual scientific and engineering
practice. Domain structuring processes, for example, can be found in David Marr’s
(1982) exposition of the levels of analysis framework for the cognitive sciences, Andy
Clark’s seminal work on extended cognition (e.g., Clark, 1997) or Anthony Chermero’s
work on embodied cognition (e.g., Chermero, 2009), each of which, in different ways,
seeks to recast the basic explanatory project in the cognitive sciences. By the same
token, one can find many rich examples of element seeding processes in the history of
science, like Marvin Minsky’s (1985) elaboration of the society of mind framework for
cognitive modeling or Newell and Simon’s (e.g., 1976) characterization of the physical
symbol system hypothesis, both of which provided the conceptual raw materials for
generations of subsequent scientific model building exercises. Finally, one can see
examples of coordination dynamics in play in Hargadon and Bechky’s (2006) explication
of the processes at work in the genesis and maintenance of creative collectives and the
examination of the central role ‘boundary objects’ play in engineering design and new

product development seen in the work of Bucciarelli (2002) and Carlile (2002, 2004).

Once understood, these processes are easy to recognize and identify. The
fundamental role that these processes play in knowledge creation, though, has been
obscured, however, by the theoretical lens provided by the standard accounts of
knowledge creation in the management and strategy literatures. The theory of strategic
domain pioneering presented here, by contrast, explains the central role that these
processes play in scientific, engineering, and technological knowledge creation and
points towards an understanding of how firms could wield these knowledge creation
processes towards strategic ends by simply deploying them in proprietary organizational

settings.

This ability to shape the products of scientific, technological, and engineering

knowledge creation processes towards specific strategic ends entails that strategic
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domain pioneering processes constitutes a kind of organizational or managerial control
system. The mechanisms and processes involved in strategic domain pioneering,
however, operate via very different kinds of principles than do the four modes of
organizational and managerial control highlighted in the literature on control systems
introduced above. This suggests, in turn, that these four modes of control represent, at
best, an incomplete typology of control systems. By introducing a set of principles for
the strategic control of scientific, technological, and engineering knowledge creation, the
model of strategic domain pioneering introduced here opens up the possibility of new
forms of organizational and managerial control (c.f., Rescher, 2012: 9). Figure 2
provides what | suggest can be considered an expanded typology of strategic control
systems that highlights the unique characteristics of these strategic domain pioneering
systems relative to the kinds of output, process, paradigmatic, and vision modes of
control that have dominated prior discussions of management and organizational control

systems across a humber of fundamental dimensions.

Level of Control Strategic Dynamic
Operation Orientation Configurability Configurability

Output Controls Group; Feedback High Modest
Organization

Process Controls Group; Feedback High Modest
Organization
Paradigmatic Group; Feed-Forward Low Very Low
Controls Organization;
Field
Vision Controls Group; Feed-Forward High Initially; Low
Organization Modest to Low

Subsequently

Strategic Domain Individual; Quasi- Concurrent; High Modest to High
Pioneering social Feed-Forward
Controls

Figure 2. A Typology of Strategic Control Systems
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A third set of implications concerns issues revolving around the proper locus of
analysis (Felin and Hesterly, 2007; see also Felin and Foss, 2005, 2006) for work on
knowledge and knowledge creation in organizational contexts entailed by the theory of
strategic domain pioneering outlined here. Historically, this has been a contentious
issue (Felin and Hesterly, 2007). As Felin and Hesterly note, the debate has been
dominated by two positions: methodological individualism, which asserts, categorically,
in Simon’s terms, that “all learning takes place inside individual human heads” (Simon,
1991: 125), and methodological collectivism, which asserts, on the contrary, that
“knowledge is fundamentally a social phenomenon that is different from the aggregation
of individuals” (Felin and Hesterly, 2007: 197) and that “technical ‘knowledge’ is an
attribute of the firm as a whole, as an organized entity, and is not reducible to what any
single individual knows” (Nelson and Winter, 1982: 63, cited in Felin and Hesterly, 2007:
197). This dichotomy, in turn, reflects deep methodological, epistemological, and
ontological commitments regarding the proper natural kinds study for the study human
action and the interrelations between these different levels of analysis (Dansereau,
Yammarino, and Kohles, 1999; Felin and Foss, 2005, 2006; Hitt, Beamish, Jackson, and
Mathieu, 2007).

The theory of strategic domain pioneering outlined here, however, gives pause to
the naturalness of the levels of analysis staked out by the different sides of this debate.
In short, it is neither strictly individualistic nor necessarily collectivist in its basic
parameters. In the place of the traditional decomposition of social phenomena into a
nested hierarchy of (potentially interacting) units of analysis that ranges over individuals,
groups, organizations, networks, and environmental (e.g., cultural) levels, the theory of
strategic domain pioneering outlined here is built around the emerging paradigm of
extended cognition (Clark, 2008; Menary, 2010; Rowlands, 2010; Theiner, 2011,
forthcoming) where the naturalness of traditional individual and supra-individual
categories begins to break down and where the analytical locus is shifted to more
complex kinds of amalgamated systems (Rowlands, 2010) of material and extra-
individual resources that defy decomposition into the more traditional units of analysis

that have been postulated within the social sciences.

So what does the theory of strategic domain pioneering forwarded here have to

say about the proper level of analysis for a theory of knowledge and knowledge
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creation? Strategic domain pioneering involves constructing the capacity to build,
explore, and reason with models in novel domains of scientific, engineering, and
technological activity. As outlined in the model presented here, both the capacity to
engage in these kinds of model-based cognitive activities, which are constitutive of
scientific, engineering, and technological competency, and the processes involved in
pioneering new domains of scientific, engineering, and technological competency are
made possible — and constituted — by epistemic actions on external resources that
comprise integral components of amalgamated systems of neural and extra-neural
cognitive resources that have been assembled and/or constructed specifically for these
purposes.

In contradistinction to traditional individualistic or collectivist theories of
knowledge and knowledge creation, the theory of strategic domain pioneering outlined
here asserts that these amalgamated systems (Rowlands, 2010) — and not individuals or
groups as they have normally been conceived in discussions of methodological
individualism or methodological collectivism (Felin and Foss, 2005, 2006) — are, in fact,
the proper locus of scientific, engineering, and technological knowledge and knowledge
creation. That is to say, they are the natural kinds that are the proper objects of a theory
of scientific, engineering, and technological knowledge and knowledge creation. In this
regard, the theory of strategic domain pioneering forwarded here is congruent with the
new conception regarding the proper natural kinds for the cognitive sciences outlined by
Clark (2008), Rowlands (2010), and Theiner (2011) — what Rowlands has called ‘the
new science of mind’: “new because it is underwritten by a novel conception of what sort
of thing the mind is” (2010: 1, emphasis in original). As Rowlands argues, this new, non-

Cartesian, paradigm for the cognitive sciences is predicated on the idea that:

Some cognitive processes are composed, in part, of structures and
processes that are located outside the brain of the cognizing subject.
Cognitive process are an amalgam of neural structures and processes,
bodily structures and processes, and environmental structures and
processes....the idea of mental process as amalgamations (2010: 83).

As argued here, scientific, engineering, and technological cognition and

knowledge creation involves amalgamated systems that are constructed around

biological individuals. These special-purpose cognitive systems are centered around the
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biological individuals of methodological individualism, but it is the system as a whole that
is the proper unit of analysis (Clark, 2008, 2010). Here, the machinery of cognition spills
out beyond the biological individual to include material resources (e.g., Clark, 2008;
Rowlands, 2010; Thiener, 2011) and, in certain contexts, other cognizing individuals
(Theiner, forthcoming; c.f., Hargadon and Sutton, 1997; Hargadon and Bechky, 2006) as
proper parts of the larger functioning cognitive system engaged in scientific, engineering,

and technological cognition and knowledge creation.

The theory of strategic domain pioneering, then, entails something more than a
simple individualism because fundamental components of the cognitive systems
involved in scientific, engineering, and technological cognition extend beyond the
boundaries of individual cognizers to include the epistemic niche these cognizer
construct to augment their basic cognitive capacities (Clark, 2008). Absent these
extended resources — whether material extraneural resources or , under the proper
circumstances, the participation of other connected cognizers — the system’s
performance is quite different than what it would be otherwise; perhaps radically so.
From a functionalist perspective (e.g., Clark, 2010; Rowlands, 2010) these external
resources are proper parts of the relevant cognitive systems. The cognitive processes
involved in scientific, engineering, and technological cognition are literally distributed
across the parts of the physical and social environment in which the focal cognizer is

situated.

The boundaries of these extended cognitive systems are fluid and porous. What
counts as a part of any given extended cognitive system at any given time depends on
the particularities of the causal couplings between the different external components that
are generated by the actions of the focal cognizer (Clark, 2008; 2010). And while some
external material components are assembled from common-use artifacts that are widely
available to a given group (Sterelny, 2004; Hutchins, 2005), many are bespoke
constructions created for the ad hoc purposes at hand (Goel, 1995; Clark, 2008) or are
best seen as temporary scaffolding used to generate future knowledge and cognitive
capabilities (Clark, 2008; Stotz, 2010).

At the same time, under the right circumstances, active elements (c.f., Clark,

2008 on active externalisms) of one cognizer’s extended cognitive system can come to
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be incorporated into the extended cognitive systems of additional cognizers who are
focused on similar cognitive tasks and who are working in common-use (physical or
even virtual) spaces. Nersessian (2009) calls these shared external elements hubs.
These hubs form intrinsic components of multiple extended cognitive systems, although
the various cognitive role(s) these hubs play in the extended cognitive systems of
different cognizer’s need not be identical. In some circumstances, these hubs may be
used concurrently, but this is not a necessary feature. Often, as Nersessian (2009) has
noted, they used asynchronously. What matters is that they sit in the intersection, or
overlap, of different extended cognitive systems oriented toward some set of shared
(though not necessarily identical) epistemic goals.

The theory of strategic domain pioneering, however, is less than fully social as
the term is commonly understood in the context of methodological collectivism. From
the perspective of a theory of knowledge and knowledge creation, Felin and Hesterly
(2007) argue that the debate between methodological individualism and methodological
collectivism ultimately revolves around issues involving the locus of knowledge, i.e., at
what level of analysis are the explanadum and explanans of the theory properly
understood to reside. As Felin and Heterly (2007) note, methodological collectivists
argue that groups or organizations have knowledge and/or cognitive capabilities that are
not reducible to those of the individuals, or aggregates thereof, that comprise the higher-
level units of analysis. Methodological individualists, by contrast, disagree; arguing
instead that all knowledge and/or cognitive capabilities of higher-level units must
ultimately be understood to reside in the knowledge and cognitive capabilities of specific
(heterogenous) individuals (Felin and Hesterly, 2007) and that knowledge or capability

ascriptions to higher-level units of analysis are epiphenomenal.

Felin and Hesterly (2007) suggest the key criteria for ascribing knowledge or
cognitive capacities to higher-order, social levels of analysis rests on the preservation of
competency in the face of cleavage. If the higher-order unit of analysis’s aggregate
effective knowledge and/or cognitive capacities are approximately the same before and
after the removal of an individual, then the higher-order unit can be properly be said to
be the locus of knowledge. If the higher-level unit’'s capabilities are degraded, on the
other hand, than logically one must conclude that the locus of knowledge is not at that

level.
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Is scientific, engineering, and technological competency robust to cleavage?
The evidence suggests, on the contrary, that organizational performance is, in fact,
highly sensitive to the contributions of individual scientists, engineers, inventors, and
technologists (e.g., Zucker and Darby, 1999), so clearly, the empirical evidence would
seem to suggest that this does not seem to be the case. At the same time, there are
strong theoretical reasons to doubt that competency would be robust to cleavage. The
theory of strategic domain pioneering outlined here asserts that the kinds of extended
cognitive systems that are at the core of scientific, engineering, and technological
competency are organized/constructed by specific individuals and that the competencies
involved in building, exploring, and reasoning with models, which is at the core of
scientific, engineering, and technological competency, is a capacity that inheres to these
very local extended cognitive systems. While the full competency surely resides at the
level of the extended cognitive system, the system itself is an actively constructed and
maintained extension of an individual cognizer (c.f., Popper, 1979). And unlike
organizational routines (Levitt and March, 1988; Winter, 2003; Felin and Foss, 2009), or
culture and identity (March, 1991; Kogut and Zander, 1996; King, Felin, and Whetten,
2009), if the focal cognizer is removed, the competency is degraded, perhaps even
eliminated (the question here depends on the degree to which the particularities of the
competency in question are redundant within the larger unit; redundancy, however, is not
the same as supra-individual competency). Though the extended cognitive systems of
individual cognizers can include common-source resources (Sterelny, 2004), hubs
(Nersessian, 2009), and even other cognizers (c.f., Hargadon and Sutton, 1997,
Hargadon and Bechky, 2006; Theiner, forthcoming) under special circumstances, the
locus of these cognitive systems remains centered on the individual cognizers at the
center of such extended systems in whom the capacity to build, explore, and reason with

models is ultimately rooted.

It would seem, then, that the theory of strategic domain pioneering fits poorly into
the mold of either methodological individualism or methodological collectivism.
Scientific, engineering, and technological cognition and knowledge creation depend
intimately on supra-individual amalgamations of material and social resources. Yet, at
the same time, scientific, engineering, and technological competency remains stubbornly
granular and decidedly non-organizational in its basic nature. Extended cognitive

systems can be — and frequently are — hosted in larger organizational forms, but they are
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not intrinsically social as the construct is traditionally understood. They are something
else, something different (c.f., Rowlands, 2010; Theiner, 2011).

What, then, is the alternative? It would seem that the model of strategic domain
pioneering introduced here points towards what can be thought of as a quasi-social level
of analysis as the locus of knowledge. As developed here, this quasi-social locus of
knowledge and knowledge creation has three main features. Like frameworks based on
methodological individualism, the theory of strategic domain pioneering outlined here
asserts that scientific, engineering, and technological cognition and knowledge creation
is centered on individual cognizers and acknowledges the sharp degradation of the
capacities of higher-level units following cleavage. At the same time, congruent with
frameworks based on methodological collectivism, the theory of strategic domain
pioneering acknowledges that, under the right circumstances, the cognitive capacities of
individual cognizers can depend on the establishment of amalgamated systems that
have other cognizers as proper parts (c.f., Theiner, forthcoming; see also Hutchins,
1995b) and it asserts that knowledge creation often (though not necessarily always)
fundamentally depends on the contributions of other cognizers acting synchronously
(Hargadon and Sutton, 1997; Hargadon and Bechky, 2006) or asynchronously
(Bucciarelli, 2002; Carlile, 2002, 2004; Nersessian, 2009). Finally, in line with Donald
(2001) and Sterleny (2004), the theory of strategic domain pioneering highlights the
central role of common-use epistemic resources in higher-level reasoning and, in
congruence with Popper (1979), it focuses attention on the central role prior theories and
stylized facts (c.f., Helfat, 2007), construals of problem situations, and lines of critical

argument play in structuring future knowledge creation processes.

The postulation of a novel level of analysis may seem like a rather radical move
at first glance. It certainly contradicts the widely held intuition that there is a definite
hierarchy of ‘natural’ levels to the world (Kim, 2002). Kim argues that this concern is
misplaced: “I think that attempts to construct an overarching levels ontology for the
whole of the natural world in which every object has its ‘appropriate’ place are rather
pointless if not hopeless” (2002: 16). In place of a fixed hierarchy or levels, Kim argues
for a more pragmatic where the demands of the inquiry determine the appropriate locus

for theory:
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The thing to note here is that this is a kind of top-down approach: we first
select a kind of interest to us, say biological organisms or a selected
group of biological species, and ask how their properties and behaviors
can be explained in terms of their microstructure. What microentities and
microproperties are to be invoked in such explanations is not fixed in
advance; their choice is entirely opportunistic (2002: 18).

In the context of strategic domain pioneering, inquiry is focused on knowledge
creation in new domains of scientific, engineering, and technological activity that is
purposefully oriented toward Schumpeterian modes of competition — i.e., competition via
new products or services, new technologies, the construction of new kinds of markets
and new modes of production, etc. Trying to understand how these strategic knowledge
processes work, however, has been problematic. As seen, the standard account of
cognition and knowledge creation in the management literature — exemplified by the
seminal work of Cohen and Levinthal (1990), Kogut and Zander (1992), and Nonaka
(1994) — does a poor job explaining these phenomena.

Accordingly, in this paper, | point toward an alternative framework for
understanding these kinds of strategic knowledge creation processes. Itis an account
grounded in the idea that conceptual, or Galilean, models are at the core of scientific,
engineering, and technological cognitive representations and that scientific, engineering,
and technological cognition and knowledge creation depends on, and is, in fact,
constituted, by epistemic action on extraneural cognitive resources that are best
understood as Galilean thought tools. And it is an account where the locus of
knowledge is best understood in terms of (quasi-social) amalgamated systems that do
not fit neatly into the traditional categories forwarded by methodological individualism or
methodological collectivism. The warrant for this move, | would argue, ultimately needs
to be assessed in terms of the epistemic gain this theory of strategic domain pioneering
offers to scholars interested in strategic knowledge creation and the pragmatic leverage
it provides organizations seeking insight into the management of scientific, engineering,

and technological knowledge creation.

One final point merits consideration. Strategic domain pioneering seems to to
entail a paradox. The theory asserts that scientific, engineering, and technological
knowledge creation — in analogy to the construct of intended strategy (Mintzberg,

Ahlstrand, and Lampel, 1998) — can be directed toward specific ends, congruent with the
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organization’s overarching goals. But, as Rescher notes, prima facie, this seems deeply
problematic: “knowledge about the future poses drastic problems. And the issue of
knowing the future of knowledge itself is particularly challenging. No-one can possibly
predict the details of tomorrow’s discoveries today” (2012:1). The problems become
even more pressing when we consider the idea of predicting scientific, engineering, and
technological knowledge creation. Again, Rescher argues “that aspect of the future
which is most evidently unknowable is the future of invention, of discovery, of
innovation—particularly in the case of science itself’ (2012:2). The problem seems to be
that if the future of knowledge is inherently opague and inscrutable, how is it possible to
effectively navigate to particular ends ? How can these two divergent claims be

reconciled?

My answer is to this challenge is that setting off on a particular knowledge
creation trajectory need not require precognition of the fine grain details of discovery,
invention, and innovation in order for the activity to be strategic. Realized strategy,
Mintzberg, Ahlstrand, and Lampel (1998) argue, is the resultant, or culmination, of
intended and emergent streams of action. The same, | would argue, is true for strategic
knowledge creation. The theory of strategic domain pioneering is a theory of intended
strategy, not a theory of realized strategy. And it certainly does not preclude the

emergent component. Again, as Rescher notes:

It is a key fact of life that ongoing progress in scientific inquiry is a
process of conceptual innovation that always places certain
developments outside the cognitive horizons of earlier workers because
the very concepts operative in their characterization become available
only in the course of scientific discovery itself (2012: 3).

The apparent paradox, then, resolves when strategic domain pioneering is put in
the proper perspective. Strategic knowledge creation involves establishing a conceptual
framework and disciplinary matrix (Bird, 2000) with which it is possible to pioneer a novel
domain of scientific, engineering, or technological knowledge in the expectation of being
able to use the knowledge gained for future strategic gain. In the end, it is nothing like
predicting a set of knowledge outcomes. Rather, it is about constructing the means for

generating them. Quine describes the process this way:
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As scientists we accept provisionally our heritage from the dim past, with
intermediate revisions by our more recent forebears; and then we
continue to warp and revise. As Neurath has said, we are in the position
of a mariner who must rebuild his ship plank by plank while continuing to
stay afloat on the open sea (2004: 308).

2.8. CONCLUSION

Schumpeter (1976) argued that nonlocal action — the introduction of new
products and services, new technologies, new modes of production — has the power to
dramatically remake industries and markets (c.f., Barney, 1986b; Kirzner, 1999; Gavetti,
2011). While the importance of invention, innovation, and creativity in the market
process has become almost axiomatic in the strategy literature over the past several
decades (e.g., Buchanan and Vanberg, 1991; Kirzner, 1999; Klein, 2008; Sarasvathy,
Dew, Read, and Wiltbank, 2008; Volberda, Foss, and lyles, 2010); the actual processes
underwriting these modes of strategic and entrepreneurial action remain, rather

stubbornly, largely a terra incognita.

Strategic domain pioneering is a technology for exploration and nonlocal action.
Itis, in other words, a means for harnessing the power inherent in invention, discovery,
and creativity for strategic ends. As such, it is complimentary to the processes of
opportunity discovery and construction, capability shaping, and stakeholder
management outlined in Gavetti’'s (2011) new ‘behavioral theory of strategy’ and deeply
congruent with Gavetti’'s conception of strategic agency understood in terms of the ability
to manage cognitive representations and mental processes. And like Gavetti’s
behavioral theory of strategy, the theory of strategic domain pioneering ultimately seeks
to shed light on the processes of strategic and entrepreneurial agency underpinning

Schumpeterian modes of competition.

52



References

Abernathy, W. J., & Clark, K. B. (1985). Innovation—mapping the winds of creative
destruction. Research Policy, 14: 3-22.

Adner, R., & Levinthal, D. A. (2004). What is not a real option: Considering boundaries
for the application of real options to business strategy. Academy of Management
Review, 29: 74-85.

Ahuja, G., & Lampert, C. M. (2001). Entrepreneurship in the large corporation: A
longitudinal study of how established firms create breakthrough inventions.
Strategic Management Journal, 22: 521-543.

Alexander, C. (1964). Notes on the synthesis of form. Cambridge, MA: Harvard
University Press.

Amit, R., & Schoemaker, P. J. H. (1993). Strategic assets and organizational rent.
Strategic Management Journal, 14: 33-46.

Anderson, J. R. (1996). ACT: A simple theory of complex cognition. American
Psychologist, 51: 355-365.

Arthur, W. B. (2007). The structure of invention. Research Policy, 36: 274-287.
Augier, M., & Teece, D. J. (2009). Dynamic capabilities and the role of managers in
business strategy and economic performance. Organization Science, 20: 410-

421.

Barney, J. (1986a). Strategic factor markets: Expectations, luck, and business strategy.
Management Science, 32: 1231-1241.

Barney, J. B. (1986b). Types of competition and the theory of strategy: Toward an
integrative framework. Academy of Management Review, 11: 791-800.

Barney, J. (1991). Firm resources and sustained competitive advantage. Journal of
Management, 17: 99-120.

Bechtel, W., & Abrahamsen, A. (2005). Explanation: A mechanist alternative. Studies in
History and Philosophy of Biological and Biomedical Sciences, 36: 421-441.

Berger, P. L., & Luckmann, T. (1966). The social construction of reality: A treatise in the
sociology of knowledge. New York: Anchor Books.

Bhaskar, R. (2008). A realist theory of science. London: Verso.

53



Bird, A. (2000). Thomas Kuhn. Princeton, NJ: Princeton University Press.

Birkinshaw, J., Hamel, G., & Mol, M. J. (2008). Management innovation. Academy of
Management Review, 33: 825-845.

Brandenburger, A., & Stuart, H. W. (1996). Value-based business strategy. Journal of
Economics and Management Strategy, 5:5-24.

Bucciarelli, L. L. (2002). Between thought and object in engineering design. Design
Studies, 23: 219-231.

Buchanan, J. M., & Vanberg, V. J. (1991). The market as a creative process. Economics
and Philosophy, 7: 167-186.

Campbell, D. T. (1960). Blind variation and selective retention in creative thought as in
other knowledge processes. Psychological Review, 67: 380-400.

Carlile, P. R. (2002). A pragmatic view of knowledge and boundaries: Boundary objects
in new product development. Organization Science, 13: 442-455.

Carlile, P. R. (2004). Transferring, translating, and transforming: An integrative
framework for managing knowledge across boundaries. Organization Science,
15: 555-568.

Cartwright, N. (1997). Models: The blueprints for laws. Philosophy of Science, 64
(Proceedings): S292-S303.

Cartwright, N. (2009). If no capacities than no credible worlds. But can models reveal
capacities? In T. Gruene-Yannof (Ed.), Economic models as isolating tools or as
credible worlds?, Erkenntnis, 70: 45-58.

Cartwright, N. (2010). Models: Parables v Fables. In R. Frigg & M. Hunter (Eds.),
Beyond mimesis and convention: Representation in art and science (19-31). New
York: Springer.

Cattani, G. (2006). Technological pre-adaptation, speciation, and emergence of new
technologies: How Corning invented and developed fiber optics. Industrial and
Corporate Change, 15: 285-318.

Cao, Q., Gedajlovic, E., & Zhang, H. (2009). Unpacking organizational ambidexterity:
Dimensions, contingencies, and synergistic effects. Organization Science, 20:
781-796.

Chemero, A. (2009). Radical embodied cognitive science. Cambridge, MA: MIT Press.

Chiesa, V., Frattini, F., Lamberti, L., & Noci, G. (2009). Exploring management control in

radical innovation projects. European Journal of Innovation Management, 12:
416-443.

54



Chiles, T. H., Bluedorn, A. C., & Gupta, V. K. (2007). Beyond creative destruction and
entrepreneurial discovery: A radical Austrian approach to entrepreneurship.
Organization Studies, 28: 467-493.

Christensen, C. M. (1997). The innovator’s dilemma. Cambridge, MA: Harvard Business
Press.

Clark, A. (1997). Being there: Putting brain, body, and the world together again.
Cambridge, MA: The MIT Press.

Clark, A., & Chalmers, D. (1998). The extended mind. Analysis, 58: 7-19.

Clark, A. (2008). Supersizing the mind: Embodiment, action, and cognitive extension.
Oxford, U.K.: Oxford University Press.

Clark, A. (2010). Coupling, constitution, and the cognitive kind: A reply to Adams and
Aizawa. In R. Menary (Ed.), The extended mind (81-99). Cambridge, MA: MIT
Press.

Clark, K. B. (1985). The interaction of design hierarchies and market concepts in
technological evolution. Research Policy, 14: 235-251.

Cohen, W. M., & Levinthal, D. (1990). Absorptive capacity: A hew perspective on
learning and innovation. Administrative Science Quarterly, 35: 128-152.

Collins, H., & Kusch, M. (1998). The shape of actions: What humans and machines can
do. Cambridge, MA: MIT Press.

Conner, K. R., & Prahalad, C. K. (1996). A resource-based theory of the firm: Knowledge
versus opportunism. Organization Science, 7: 477-501.

Cook, S. D. N., & Brown, J. S. (1999). Bridging epistemologies: The generative dance
between organizational knowledge and organizational knowing. Organization
Science, 10: 381-400.

Crosby, A. W. (1997). The measure of reality: Quantification and Western society,1250-
1600. Cambridge, UK: Cambridge University Press.

Cummins, R. (2000). ‘How does it work?’ vs. ‘what are the laws?’: Two conceptions of
psychological explanation. In F. Keil, & R. Wilson (Eds.), Explanation and
cognition (117-144). Cambridge, MA: MIT Press.

Czarniawska, B. (2009). Emerging institutions: Pyramids or anthills? Organization
Studies, 30: 423-441.

D’Aveni, R. A., Battista Dagnino, G., & Smith, K. G. (2010). The age of temporary
advantage. Strategic Management Journal, 31: 1371-1385.

55



Dansereau, F., Yammarino, F. J., & Kohles, J. C. (1999). Multiple levels of analysis from
a longitudinal perspective: Some implications for theory building. Academy of
Management Review, 24: 346-357.

De Cruz, H., & De Smedt, J. (2010). Mathematical symbols as epistemic actions.
Synthese, Online First: 1-17. DOI 10.1007/s11229-010-9837-9.

Dennett, D. C. (1978). Brainstorms: Philosophical essays on mind and psychology.
Montgomery, VT: Bradford Books.

Denrell, J., Fang, C., Winter, S. G. (2003). The economics of strategic opportunity.
Strategic Management Journal, 24: 977-990.

DiMaggio, P. (1997). Culture and cognition. Annual Review of Sociology, 23: 263-287.

DiMaggio, P. J., & Powell, W. W. (1983). The iron cage revisited: Institutional
isomorphism and collective rationality in organizational fields. American
Sociological Review, 48: 147-160.

Donald, M. (2001). A mind so rare: The evolution of human consciousness. New York:
Norton.

Dosi, G. (1982). Technological paradigms and technological trajectories: A suggested
interpretation of the determinants and directions of technical change. Research
Policy, 11: 147-162.

Durkheim, E. (1938). The rules of sociological method (eighth edition). Translated by S.
A. Solvay and J. H. Mueller. Edited by G. E. G. Catlin. New York: The Free
Press.

Eisenhardt, K. M. (1985). Control: Organizational and economic approaches.
Management Science, 31: 134-149.

Emirbayer, M., & Johnson, V. (2008). Bourdieu and organizational analysis. Theory and
Society, 37: 1-44.,

Fauconnier, G., & Turner, M. (2002). The way we think: Conceptual blending and the
mind’s hidden complexities. New York: Basic Books.

Faulkner, W. (1994). Conceptualizing knowledge used in innovation: A second look at
the science-technology distinction and industrial innovation. Science,
Technology, & Human Values, 19: 425-458.

Felin, T., & Foss, N. (2005). Strategic organization: A field in search of micro-
foundations. Strategic Organization, 3: 441-455.

Felin, T., & Foss, N. (2006). Individuals and organizations: Thoughts on a micro-

foundations project for strategic management and organizational analysis.
Research Methodology in Strategy and Management, 3: 253-288.

56



Felin, T., & Foss, N. J. (2009). Organizational routines and capabilities: Historical drift
and a course-correction toward microfoundations. Scandinavian Journal of
Management, 25: 157-167.

Felin, T., & Hesterly, W. S. (2007). The knowledge-based view, nested heterogeneity,
and new value creation: Philosophical considerations on the locus of knowledge.
Academy of Management Review, 32: 195-218.

Felin, T., & Zenger, T. R. (2009). Entrepreneurs as theorists: On the origins of collective
beliefs and novel strategies. Strategic Entrepreneurship Journal, 3: 127-146.

Feyerabend, P. J. (2010). Against Method (Fourth Edition). London: Verso.

Fleming, L., & Sorenson, O. (2004). Science as a map in technological search. Strategic
Management Journal, 25: 909-928.

Fligstein, N., & McAdam, D. (2011). Toward a general theory of strategic action fields.
Sociological Theory, 29: 1-26.

Floridi, L. (2011). A defence of constructionism: Philosophy as conceptual engineering.
Metaphilosophy, 42: 282-304.

Foss, N. J., & Klein, P. G. (2012). Organizing entrepreneurial judgement: A new
approach to the firm. Cambridge, U.K., Cambridge University Press.

Frigg, R., & Hartmann, S. (2009). Models in science. The Stanford Encyclopedia of
Philosophy (Summer 2009 Edition). Edward N. Zalta (Ed.). Retrieved May 25,
2011 from the Stanford Encyclopedia of Philosophy website:
http://plato.stanford.edu/archives/sum2009/entries/models-science/.

Frigg, R. (2010). Models and fiction. Synthese, 172: 251-268.

Gavetti, G. (2011). Toward a behavioral theory of strategy. Organization Science,
Articles in Advance: 1-19. DOI 10.1287/orsc.1110.0644.

Gavetti, G., & Levinthal, D. A. (2000). Looking forward and looking backward: Cognitive
and experiential search. Administrative Science Quarterly, 45: 113-137.

Giere, R. N. (2004). How models are used to represent reality. Philosophy of Science,
71: 742-752.

Giere, R. N. (2006). Scientific perspectivism. Chicago: The University of Chicago Press.

Gilbert, C. G. (2005). Unbundling the structure of inertia: Resource versus routine
rigidity. Academy of Management Journal, 48: 741-763.

Godfrey-Smith, P. (2006a). The strategy of model-based science. Biology and
Philosophy, 21: 725-740.

Godfrey-Smith, P. (2006b). Theories and models in metaphysics. Harvard Review of
Philosophy, 14: 4-19.

57


http://plato.stanford.edu/archives/sum2009/entries/models-science/

Godfrey-Smith, P. (2009). Models and fictions in science. Philosophical Studies, 143:
101-116.

Goel, V. (1995). Sketches of thought. Cambridge, MA: MIT Press.

Gourlay, S. (2006). Conceptualizing knowledge creation: A critique of Nonaka’s theory.
Journal of Management Studies, 43: 1415-1436.

Graham, P. (2004). Hackers & painters: Big ideas from the computer age. Sebastopol,
CA: O'Reilly.

Hakanson, L (2007). Creating knowledge: the power and logic of articulation. Industrial
and Corporate Change, 16: 51-88.

Hamel, G., & Prahalad, C. K. (1993). Strategy as stretch and leverage. Harvard
Business Review, 71(2): 75-84.

Hamel, G., & Prahalad, C. K. (1994). Competing for the future. Boston: Harvard
Business School Press.

Hargadon, A., & Sutton, R. . (1997). Technology brokering and innovation in a product
development firm. Administrative Science Quarterly, 42: 716-749.

Hargadon, A., & Fanelli, A. (2002). Action and possibility: Reconciling dual perspectives
of knowledge in organizations. Organization Science, 13: 290-302.

Hargadon, A. B., & Bechky, B. A. (2006). When collections of creatives becomes
creative collectives: A field study of problem solving at work. Organization
Science, 17: 484-500.

Helfat, C. E. (2007). Stylized facts, empirical research and theory development in
management. Strategic Organization, 5: 185-192.

Hicks, D., & Hegde, D. (2005). Highly innovative small firms in the markets for
technology. Research Policy, 34: 703-716.

Hitt, M. A., Beamish, P. W., Jackson, S. E., & Mathieu, J. E. (2007). Building theoretical
and empirical bridges across levels: Multilevel research in management.
Academy of Management Journal, 50: 1385-1399.

Hofstadter, D. R. (1999). Gdédel, Escher, Bach: An eternal golden braid (20" anniversary
edition). New York: Basic Books.

Horgan, T., & Tienson, J. (1994). A nonclassical framework for cognitive science.
Synthese, 101: 305-345.

Horgan, T., & Tienson, J. (1999). Rules and representations. In R. A. Wilson and F. C.

Keil (Eds.), The MIT encyclopedia of the cognitive sciences (724-726).
Cambridge, MA: The MIT Press.

58



Howells, J. (1995). A socio-cognitive approach to innovation. Research Policy, 24: 883-
894.

Hutchins, E. (1995). How a cockpit remembers its speeds. Cognitive Science, 19:265-
288.

Hutchins, E. (1995b). Cognition in the wild. Cambridge, MA: MIT Press.

Hutchins, E. (2005). Material anchors for conceptual blends. Journal of Pragmatics, 37:
1555-1577.

Hylton, W. S. (2012, May 30). Craig Venter’s bugs might save the world. The New York
Times. Retrieved from http://www.nytimes.com/2012/06/03/magazine/craig-
venters-bugs-might-save-the-world.html?pagewanted=all.

Kaplan, S. (2008). Framing contests: Strategy making under uncertainty. Organization
Science, 19: 729-752.

Kaplan, S. (2011). Research in cognition and strategy: Reflections on two decades of
progress and a look to the future. Journal of Management Studies, 48: 665-695.

Kaplan, S., & Tripsas, M. (2008). Thinking about technology: Applying a cognitive lens to
technical change. Research Policy, 37: 790-805.

Kim, J. (2002). The layered model: Metaphysical considerations. Philosophical
Explorations, 5: 2-20.

Kim, J. (2005). Physicalism, or something near enough. Princeton, NJ: Princeton
University Press.

Kim, W. C., & Mauborgne, R. (2005). Blue ocean strategy: How to create uncontested
market space and make the competition irrelevant. Boston: Harvard Business
School Publishing.

King, B. G., Felin, T., & Whetten, D. A. (2009). Finding the organization in organizational
theory: A meta-theory of the organization as a social actor. Organization Science,
Articles in Advance: 1-16. DOI 10.1287/orsc.1090.0443.

Kirsh, D., & Maglio, P. (1994). On distinguishing epistemic from pragmatic action.
Cognitive Science, 18: 513-549.

Kirzner, 1. M. (1999). Creativity and/or alertness: A reconsideration of the Schumpeterian
entrepreneur. Review of Austrian Economics, 11:5-17.

Klein, P. G. (2008). Opportunity discovery, entrepreneurial action, and economic
organization. Strategic Entrepreneurship Journal, 2: 175-190.

Klemke, E. D., Hollinger, R., Wyss Rudge, D. (Eds.). (1998). Introductory readings in the
philosophy of science (3 ed.). Amherst, NY: Prometheus Books.

Knight, F. H. (1921). Risk, uncertainty and profit. New York: Houghton Mifflin.

59



Kogut B., & Zander, U. (1992). Knowledge of the firm, combinative capabilities, and the
replication of technology. Organization Science, 3: 383-397.

Kogut, B., & Zander, U. (1996). What firms do: Coordination, identity, and learning.
Organization Science, 7: 502-518.

Kuhn, T.S. (1970). The structure of scientific revolutions (second edition, enlarged).
Chicago: The University of Chicago Press.

Lakatos, I., & Musgrave, A. (Eds.). (1970). Criticism and the growth of knowledge.
London: Cambridge University Press.

Lawrence. T. B. (1999). Institutional strategy. Journal of Management, 25: 161-187.
Lawrence, T. B., & Suddaby, R. (2006). Institutions and institutional work. In S. R. Clegg,
C. Hardy, T. B. Lawrence, & W. R. Nord (Eds.) Handbook of organization

studies, 2™ ed: 215-254. London: Sage.

Leonard-Barton, D. (1995). Wellsprings of knowledge: Building and sustaining the
sources of innovation. Boston: Harvard Business School Press.

Levitt, B., & March, J. (1988). Organizational learning. Annual Review of Sociology, 14:
319-340.

Lindenberg, S., & Foss, N. J. (2011). Managing joint production motivation: The role of
goal framing and governance mechanisms. Academy of Management Review,
36: 500-525.

Lowe, E. J. (2000). An introduction to the philosophy of mind. Cambridge, UK:
Cambridge University Press.

Mahoney, J. T., & Pandian, R. (1992). The resource-based view within the conversation
of strategic management. Strategic Management Journal, 13: 363-380.

Maine, E. (2008). Radical innovation through internal corporate venturing: Degussa’s
commercialization of nanomaterials. R&D Management, 38: 359-371.

March, J. G. (1991). Exploration and exploitation in organizational learning.
Organizational Science, 2: 71-87.

March, J. G. (1994). A primer on decision making: How decisions happen. New York:
Free Press.

March, J. G. (2006). Rationality, foolishness, and adaptive intelligence. Strategic
Management Journal, 27: 201-214.

March. J. G. (2010). The ambiguities of experience. Ithaca, NY: Cornell University Press.

Marr, D. (1982). Vision: A computational approach. San Francisco: Freeman & Co.

60



McCarthy, I. P., Tsinopoulos, C., Allen, P., & Rose-Anderssen, C. (2006). New product
development as a complex adaptive system of decisions. Journal of Product
Innovation Management, 23: 437-456.

McCarthy, I. P., & Gordon, B. R. (2011). Achieving contextual ambidexterity in R&D
organizations: A management control systems approach. R&D Management,
41:240-258.

McGrath, R. G. (1999). Falling forward: Real options reasoning and entrepreneurial
failure. Academy of Management Review, 24: 13-30.

Menary, R. (2007). Writing as thinking. Language Sciences, 29: 621-632.
Menary, R. (Ed.). (2010a). The extended mind. Cambridge, MA: MIT Press.

Menary, R. (2010b). Introduction: The extended mind in focus. In R. Menary (Ed.), The
extended mind (1-26). Cambridge, MA: MIT Press.

Minsky, M. (1985). The society of mind. New York: Simon and Schuster.

Mintzberg, H., Ahlstrand, B., & Lampel, J. (1998). Strategy safari: A guided tour through
the wilds of strategic management. New York: Free Press.

Nahapiet, J., & Ghoshal, S. (1998). Social capital, intellectual capital, and the
organizational advantage. Academy of Management Review, 23: 242-266.

Nelson, R. (2006). Evolutionary social science and universal Darwinism. Journal of
Evolutionary Economics, 16: 491-510.

Nelson, R., & Winter, S. (1982). An evolutionary theory of economic change. Cambridge,
MA: The Belknap Press.

Nerkar, A. (2003). Old is gold? The value of temporal exploration in the creation of new
knowledge. Management Science, 49: 211-229.

Nersessian, N. J. (2009). How do engineering scientists think? Model-based simulation
in biomedical engineering research laboratories. Topics in Cognitive Science, 1:
730-757.

Newell, A. (1982). The knowledge level. Artificial Intelligence, 18: 87-127.

Newell, A., & Simon, H. A. (1976). Computer science as empirical inquiry: Symbols and
Search. Communications of the ACM, 19: 113-126.

Nickerson, J. A., & Zenger, T. R. (2004). A knowledge-based theory of the firm—The
problem-solving perspective. Organization Science, 15: 617-632.

Nickerson, J. A., Silverman, B. S., & Zenger, T. R. (2007). The ‘problem’ of creating and
capturing value. Strategic Organization, 5:211-225.

Nightingale, P. (1998). A cognitive model of innovation. Research Policy, 27: 689-709.

61



Nonaka, I. (1994). A dynamic theory of organizational knowledge creation. Organization
Science, 5:14-37.

Nonaka, I., Toyama, R., & Nagata, A. (2000). A firm as a knowledge-creating entity: A
new perspective on the theory of the firm. Industrial and Corporate Change, 9: 1-
20.

Nonaka, I., & Toyama, R. (2005). The theory of the knowledge-creating firm:
Subijectivity, objectivity, and synthesis. Industrial and Corporate Change, 14: 419-
436.

Nonaka, I., von Krogh, G., & Voelpel, S. (2006). Organizational knowledge creation
theory: Evolutionary paths and future advances. Organization Studies, 27: 1179-
1208.

Nonaka, 1., & von Krogh, G. (2009). Tacit knowledge and knowledge conversion:
Controversy and advancement in organizational knowledge creation theory.
Organization Science, 20:635-652.

Ohlsson, S. (1993). Abstract schemas. Educational Psychologist, 28: 51-66.

Ohlsson, S., & Lehtinen, E. (1997). Chapter 4: Abstraction and the acquisition of
complex ideas. International Journal of Educational Research, 27(1): 37-48.

Ouchi, W. G. (1979). A conceptual framework for the design of organizational control
mechanisms. Management Science, 25:833-848.

Penrose, E. T. (1959). The theory of the growth of the firm. New York: Wilely.

Pentland, B., & Reuter, H. (1994). Organizational routines as grammars of action.
Administrative Science Quarterly, 39: 484-510.

Peteraf, M. A. (1993). The cornerstones of competitive advantage: A resource-based
view. Strategic Management Journal, 14: 179-191.

Polanyi, M. (1962). Tacit knowing: Its bearing on some problems of philosophy. Reviews
of modern physics, 34: 601-616.

Polanyi, M. (1966a). The logic of tacit inference. Philosophy, 41(155): 1-18.
Polanyi, M. (1966b). The tacit dimension. Chicago: The University of Chicago Press.

Popper, K. R. (1979). Objective knowledge: An evolutionary approach (revised edition).
Oxford, U.K.: Oxford University Press.

Porter, M. E. (1991). Towards a dynamic theory of strategy. Strategic Management
Journal, 12: 95-117.

Porter, M. E. (1996). What is strategy? Harvard Business Review, November-December
1996: 61-78.

62



Quine, W. V. (2004). Quintessence: Basic readings from the philosophy of W. V. Quine
(Edited by Roger F. Gibson, Jr.). Cambridge, MA: The Belknap Press of Harvard
University Press.

Raisch, S., Birkenshaw, J., Probst, G., & Tushman, M. L. (2009). Organizational
ambidexterity: Balancing exploitation and exploration for sustained performance.
Organization Science, 20: 685-695.

Rescher, N. (2000). Process philosophy: A survey of basic issues. Pittsburgh, PA:
University of Pittsburgh Press.

Rescher, N. (2012). The problem of future knowledge. Mind & Society, published online
February, 9, 2012, DOI 10.1007/s11299-012-0099-8.

Rowlands, M. (2010). The new science of the mind: From extended mind to embodied
phenomenology. Cambridge, MA: The MIT Press.

Sarasvathy, S. D. (2001). Causation and effectuation: Toward a theoretical shift from
economic inevitability to entrepreneurial contingency. Academy of Management
Review, 26: 243-263.

Sarasvathy, S. D., Dew, N., Read, S., & Wiltbank, R. (2008). Designing organizations
that design environments: Lessons from entrepreneurial expertise. Organization
Studies, 29: 331-350.

Schumpeter, J. A. (1976). Capitalism, socialism & democracy. London: Routledge.

Sennett, R. (2008). The craftsman. New Haven, CT: Yale University Press.

Simon, H. A. (1991). Bounded rationality and organizational learning. Organization
Science, 2: 125-134.

Simon, H. A. (1999). Production systems. In R. A. Wilson and F. C. Keil (Eds.), The MIT
encyclopedia of the cognitive sciences (676-678). Cambridge, MA: The MIT
Press.

Simons, R. (1995). Levers of control. Boston: Harvard Business School Press.

Spender, J. C. (1996). Making knowledge the basis of a dynamic theory of the firm.
Strategic Management Journal, 17 (Special Issue: Knowledge and the Firm): 45-
62.

Sterelny, K. (2004). Externalism, epistemic artifacts and the extended mind. In R.
Schantz (Ed.), The externalist challenge. New studies on cognition and
intentionality (239-254). Berlin: de Gruyter.

Stotz, K. (2010). Human nature and cognitive-developmental niche construction.
Phenomenology and the Cognitive Sciences, 9: 483-501.

63



Teece, D. J. (2007). Explicating dynamic capabilities: The nature and microfoundations
of (sustainable) enterprise performance. Strategic Management Journal, 28:
1319-1350.

Theiner, G. (2011). Res cogitans extensa: A philosophical defense of the extended mind
thesis. Frankfurt am Main: Peter Lang.

Theiner, G. (Forthcoming). Onwards and upwards with the extended mind: From
individual to collective epistemic action. In L. R. Caporael, J. Griesemer, & W. C.
Wimsatt (Eds.), Developing scaffolds in evolution, culture, and cognition.
Cambridge, MA: MIT Press.

Tripsas, M., & Gavetti, G. (2000). Capabilities, cognition, and inertia: Evidence from
digital imaging. Strategic Management Journal, 21: 1147-1161.

Tsoukas, H. (2009). A dialogical approach to the creation of new knowledge in
organizations. Organization Science, 20: 941-957.

Un, C. A., & Cuervo-Cazzurra, A. (2004). Strategies for knowledge creation in firms.
British Journal of Management, 15: S27-S41.

Utterback, J. M. (1994). Mastering the dynamics of innovation. Boston: Harvard
Business School Press.

Van de Ven, A., & Engleman, R. M. (2004). Event- and outcome-driven explanations of
entrepreneurship. Journal of Business Venturing, 19: 343-358.

Van Dyck, M. (2005). The paradox of conceptual novelty and Galileo’s use of
experiments. Philosophy of Science, 72: 864-875.

Vera, A. H., & Simon, H. A. (1993). Situated cognition: A symbolic interpretation.
Cognitive Science, 17: 4-48.

Volberda, H. W., Foss, N. J., & Lyles, M. A. (2010). Absorbing the concept of absorptive
capacity: How to realize its potential in the organization field. Organization
Science, Articles in Advance: 1-21. DOI 10.1287/orsc.1090.0503.

Walsh, J. P. (1995). Managerial and organizational cognition: Notes from a trip down
memory lane. Organization Science, 6: 280-321.

Weick, K. E. (1979). The social psychology of organizing (2™ ed.). Reading, MA:
Addison-Wesley.

Weick, K. E., Sutcliffe, K. M., & Obstfeld, D. (2005). Organizing and the process of
sensemaking. Organization Science, 16: 409-421.

Whetten, D., Felin, T., & King, B. (2009). Theory-borrowing in organizational studies:
Issues and future directions. Journal of Management, 35: 537-563.

64



Wilson, R. A. (2001). Group-level cognition. Philosophy of Science, 68(3) Supplement:
Proceedings of the 2000 Biennial Meeting of the Philosophy of Science
Association. Part |: Contributed Papers: S262-S273.

Wiltbank, R., Dew, N., Read, S., & Sarasvathy, S. (2006). What to do next? The case for
non-predictive strategy. Strategic Management Journal, 27: 981-998.

Winter, S. G. (2003). Understanding dynamic capabilities. Strategic Management
Journal, 24: 991-995.

Woodward, J. (1989). Data and phenomenon. Synthese, 79: 393-472.

Zahra, S. A., & George, G. (2002). Absorptive capacity: A review, reconceptualization,
and extension. Academy of Management Review, 27: 185-203.

Zucker, L. G., & Darby, M. R. (1999). Star scientists and institutional transformation:
Patterns of invention and innovation in the formation of the biotechnology
industry. Proceedings of the National Academy of Sciences USA, 93(23): 12709-
12716.

65



3. Leveraging Dynamic Capabilities: A
Contingent Management Control Systems
Approach

This chapter has been published in Wall, S., Zimmerman, C., Klingebiel,
R., & Lange, D. (Eds.) Strategic reconfigurations: Developing dynamic
capabilities in rapid-innovation based industries, Cheltenham, U.K.:
Edward Elgar, 2010, under co-authorship of lan P. McCarthy and Brian R.
Gordon.

3.1. ABSTRACT

Dynamic capabilities help explain why some organizations survive overtime.
However, they have been mostly viewed as abstract phenomena with limited attention
given to the mechanisms that managers might use to create and direct them. In this
chapter, we present a model that explains how contingent management control systems
leverage the organizational behaviors necessary for dynamic capabilities. We focus on
how variations in environmental velocity affect the characteristics of the feedback that
these systems receive. This in turn influences control system emphasis and the
paradoxical forces of exploitation and exploration that guide and direct the capability

processes of coordination/integration, learning and reconfiguration.

3.2. INTRODUCTION

Dynamic capabilities are a firm’s ability to persistently modify or create
organizational configurations for competitive advantage and improved viability (Teece
and Pisano 1994; Teece, Pisano, and Shuen 1997, Zollo and Winter 2002, Eisenhardt
and Martin 2000, Winter 2003, Helfat 1997). They have been defined as “the ability to
integrate, build, and reconfigure internal and external competencies to address rapidly-

changing environments” (Teece et al. 1997: 517). Thus, dynamic capabilities are the
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higher order capabilities that govern the rate of change in the competences (ordinary or
operational capabilities), which help firms to make a living in the short term (Collis 1994,
Winter 2003, Zhara et al. 2006).

However, despite the interest in dynamic capabilities there is limited work (see
Ethiraj, Kale, Khrishnan and Singh 2005, Subramanian and Youndt 2005, Zollo and
Winter 2002) on how managers create and maintain them. For like the resource-based
view of the firm (Wernerfelt 1984, Barney 1991), which the dynamic capability view
extends, research on dynamic capabilities has been described as “conceptually vague
and tautological, with inattention to the mechanisms by which resources actually
contribute to competitive advantage (Eisenhardt and Martin 2000: 1106). So even
though the dynamic capability view seeks to add or include the activities of management
and leadership to the resource-based view, there is limited knowledge about how
managers create and sustain this type of capability.

In this chapter, we argue that management control systems are tools for
leveraging the organizational behaviors and outcomes necessary for dynamic
capabilities. They are the formal and informal systems that managers use for decision-
making and evaluation; and their effectiveness is contingent on various environmental
and organizational aspects. We explain how management control uses two forms of
feedback processing to provide guidance and understanding about a firm’s 'as-is' state,
as well some sense of its potential 'to-be' scenarios. These inputs combine to provide
information that directs and develops the three processes (coordination/integration,
learning, and reconfiguration) that are the essence of a firm’s dynamic capabilities
(Teece et al. 1997).

To explain how management control systems operate on these processes we
use Simons’ (1994, 1995) levers of control framework, which consists of four control
systems (beliefs, boundary, diagnostic and interactive) that combine to produce different
behaviors for directing the operation and performance of firms. These systems provide
what March (1976) calls ‘technologies of reason’ that monitor, reward and direct
behavior according to pre-defined goals, and ‘technologies of foolishness’ that offset
organizational rationality by promoting play, experimentation, learning so as to handle

uncertainty and change. Together they help a firm’s long-term success by exploiting and
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refining current competences, while simultaneously exploring and installing

fundamentally new ones.

We also argue that the operational and environmental context of the firm
influences the design and effectiveness of its management control system. That is,
different environmental conditions prompt or require firms to emphasize different
combinations of belief, boundary, diagnostic, and interactive control system use. In
particular, we consider how high-low variations in environmental velocity - the rate and
direction of change in a firm’s task environment - sway the emphasis that firms place on
different control systems to create effective dynamic capabilities. The general
theoretical model for these contingent control relationships are shown in figure 1.

. To-be feedback | Management Dynamic [
Environmental | sl ~onirol Capability ~|=—) Competences > Peranrl':;nance >
Contaxt Systems Processes
i~
As-is feedback L4
Figure 3. General Theoretical Model of Contingent Management Control and

Dynamic Capabilities

The rest of this chapter is organized as follows. It begins with an introduction to
the concepts and relationships in figure 1. We then extend these to show how high and
low environmental velocity conditions produce different types of feedback that
encompass different types of control system, which then produces forces for exploration
and exploitation that act on the dynamic capability processes. The paper then
concludes with an account of the theoretical and practical implications of the model; and

areas of future work.

68



3.3. Model Concepts

3.3.1. Management Control Systems as Dynamic Capability Levers

Dynamic capabilities provide a concept and language for considering why over
time, some firms are more successful than others. As a consequence, there have been
a significant number of articles that consider the concept of dynamic capabilities (e.g.
Teece and Pisano 1994, Teece et al. 1997, Eisenhardt and Martin 200, Winter 2003)
and their influence on firm performance (e.g. Adner and Helfat 2003, Helfat and
Raubitschek, 2000, Klepper 2002). However, despite these contributions, we know
relatively little about how managers actually coordinate, integrate and reconfigure
existing competencies in accord with changes in the environment (see Eisenhardt and
Martin 2000, Helfat 2000, Zott 2003). In this article we argue that contingent
management control systems provide levers or mechanisms that managers can use to

enable dynamic capabilities.

Management control systems are the planning, budgeting, measuring and
communication systems that managers use for decision-making and evaluation
(Langfield-Smith 1997, Marginson 2002). Research concerned with these systems
originated from accounting approaches to control (Anthony 1965), but has since
developed with inputs from the fields of organizational design and information
management (Galbraith 1973), cybernetic control (Hofstede 1978, Edwards 1992),
contingency theory (Waterhouse and Tiessen 1978, Otley 1980, Chenhall 2003) and
strategic management (Ouchi 1979, Langfield-Smith 1997, Marginson 2002).

This broad view and development of management control has produced a
number of insights, two of which we focus on. The first is that firms possess several
control components or systems that work together, rather than separately, to influence a
range of behaviors and outcomes (Otley 1980, Simons 1995). The second is that
contingent management control systems provide information for planning and decision-
making that fits the conditions of a firm’s life-cycle and strategic and environmental
context (Waterhouse and Tiessen 1978, Otley 1980, Chenhall 2003). Together these
notions of control contingency and complementarity, support our view that management
control systems provide levers which managers can use to maintain or alter patterns in

organizational activities (Simons 1994). They are the measuring, comparing and
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intervention mechanisms that direct how firms explore and exploit the intangible (Shuen
1994) or invisible assets (Itami and Roehl 1987) that define their dynamic capabilities.
Such control is also central to the learning needed for overcoming structural inertia
(Hannan and Freeman 1977, 1984) and replacing or adjusting the ‘sticky’ resource
endowments (Cyert and March 1963, Teece et al. 1997) that restrict the generation of

new competences.

To explain the relationships between management control, capability processes
and competence change, we use Simons (1995) ‘levers of control’ framework with its
four types of control system: beliefs systems for core values, boundary systems for
behavioral restrictions, diagnostic systems for monitoring and measurement, and
interactive systems for consultation and proactiveness (see table 1). Together, these
systems provide procedures and activities for exercising ‘adequate control in
organizations that demand flexibility, innovation and creativity’ (Simons 1995: 80). They
are complementary levers that combine to create dynamic tensions or forces that alter
and enhance organizational capabilities (Henri 2006). These forces produce what
Winter (2000) calls ‘aspiration levels’ that influence how far a firm intends to explore and
create new competences, as opposed to the exploitation and refinement of existing
competences. This in turn affects the type and level of coordination, integration, learning

and reconfiguration.

Control Svstem Behavior Focns Organizational Goal Capahility Forces and Emphasis
Beliefs Communicate core | Establish purpose and
valucs and goals. the activitics to be A force that promotes exploration and
performed. innovation for significantly
transforming existing competences or
Interactive Promote search, Perform new activities, | creating completely new ones.
learning and
communication.
Boundary Specify and enforce | Define the acceptable
L " . x - e . |
rules of the game. domain ot activity. A force that promotes exploitation and
efficiency for refining or adjusting
exlsling competences.
[Magnostic Determine and Perform the correct
SUppOrt targets. activities well.
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Table 1. The Relationships Between Control System Foci and Capability
Forces and Emphasis (Adapted from Simons 1995)

In table 1 the beliefs and interactive systems combine to produce behaviors that
are central to the exploration and innovation needed to ensure the future survival of
firms. The beliefs systems establish the purpose of the firm, by setting the domain of
relevant strategic opportunities and providing an overarching framework for
organizational identity and action. This involves determining the ‘explicit set of
organizational definitions that senior managers communicate formally and reinforce
systematically to provide basic values, purpose, and direction for the organization’
(Simons 1995: 34). Such control helps create the shared expectation and necessary

unity to search for the opportunities that realize strategies (Pearce 1982, Widener 2007).

The interactive systems work in tandem with the beliefs systems to promote
communication, learning and the emergence of new ideas and strategies. They help
build an understanding of the strategic uncertainties facing the firm at any particular
juncture in its history. This generates a form of organizational outwardness that enables
the firm to search and understand its information climate, shorten the feedback cycles
and influence its environment. It is a form of control that promotes sensemaking (Weick
1988) and helps reduce the negative consequences of limited, infrequent and degraded
feedback by detecting and warning managers of any significant perturbations (Aguilar
1967, Daft and Weick 1984).

The diagnostic systems and boundary systems coalesce to help firms focus on
competences that ensure efficiency and survival in the short-term. The diagnostic
systems motivate, measure and reward progress towards specified goals. They also
identify nonconformance and adjust organizational behaviors accordingly. This makes
them important instruments for supporting the execution of intended strategies
(Merchant 1990) and ensuring that firms perform the right activities well. However, this
focus on efficiency can constrain innovation and opportunity seeking, hence why Simons
(1995) argued that firms also need appropriate interactive and belief systems to

encourage search and learning.
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Boundary systems ‘are like an organization’s brakes’ (Simons 1995: 84), they
help restrain and focus employees to ensure that the firm does not constantly wander off
course. They use rules, policies, codes of conduct and operating directives, to explicitly
delimit what portions of the strategic opportunity space will not be sought by the firm and
what is the acceptable domain of activity (Simons 1994). This helps prevent firms from
over exploring and becoming stretched and unfocused; as well as helping prevent the
occurrence of institutionalized and systematic rule breaking that can sometimes occur as

firms strive to consistently achieve ever-increasing performance goals.

3.3.2. As-Is and To-Be Feedback

For the process of control to exist there must be some form of ‘cybernetic validity’
(Beer, 1981), whereby negative feedback loops act as sensors and regulators. This
feedback stimulates action to negate any discrepancies between environmental
conditions and the performance of the firm (Beer 1981, Edwards 1992, Welsh and Green
1988). Without cybernetic control (Ashby 1966, Wiener 1948) firms are unable to self-
regulate or reconfigure their competences in accord with any discrepancies they may
have with their external environments. The result would therefore be stasis or inertia,

which over time leads to firm mortality (Hannan and Freeman 1977).

For self-regulation to function, firms receive two types of negative feedback: ‘to-
be’ feedback, which provides information about the conditions of the external
environment (e.g. strategic scanning and acquisition of information about industry
events, relationships and trends); and ‘as-is’ feedback, which provides information about
the operational, financial and market performance of the firm. Together these two types
of feedback provide signals and measurements that management control systems use to
measure, compare and alter any inconsistencies between the as-is state, and potential
to-be scenarios. Assuming that appropriate resources and abilities are in place, any
discrepancy between these feedback conditions will energize a firm’s management
control system to maintain or alter the distinctive processes (how a firm coordinates,

integrates, learns and reconfigures its resources) that govern its position (the firm’s
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existing strategic assets and configuration) and potential paths (where a firm can go

based on its current position) (Teece et al. 1997).

In table 2 we show how as-is and to-be feedback act on the three organizational
and managerial processes, proposed by Teece et al. (1997): coordination/integration,

learning and reconfigurability.

Coordination and integration provide two complementary activities. Coordination
is concerned with how firms allocate, plan and efficiently organize resources and
activities. Integration is the activity of obtaining, assimilating and developing new
resources (e.g. acquisitions or alliances for accessing technology) to generate new

routines or patterns of current practice

The process of learning provides different types of exploration and
experimentation. It is a process that enables existing tasks to be performed better,
qguicker and more efficiently; or to produce novel thinking and resources that allow new
competences to be identified and adopted. While, such learning is inherently a multi-
level, self-organizing social activity, it also requires management control to promote
common values and goals (beliefs systems) and to manage search procedures

(interactive systems).

The process of reconfiguration is at the heart of a dynamic capability. It draws
upon coordination/integration and learning, so as to scan for and monitor opportunities
and threats. It then initiates the necessary change to ensure a better fit with the
environment. As change is costly, the process of reconfigurability benefits from
management control that calibrates and implements the change in a congruent, timely

and efficient manner.

Each of these three dynamic capability processes receives as-is and to-be
feedback which influences different process activities. For instance, as-is feedback
prompts internal error-control behaviors, which measure, compare and alter process
activities to help ensure the firm is in conformance with predetermined objectives and
goals. Thus, behaviors induced by as-is feedback (see column of table 2) are
normalizing, refining and modulating in nature. They include behaviors such as

exploitation, whereby firms improve, optimize, upgrade or execute existing competences
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(March 1991); lean operations which focus on removing waste from existing
competences (Womack et al. 1991); single loop (Argyris and Schon 1978) or adaptive
(Senge 1990) learning whereby incremental change is implemented without transforming
core aspects of the firm. This as-is feedback induced activity also directly promotes
continuous or first-order reconfigurability (Watzlawick, Weakland and Fisch 1974, Meyer
1982), whereby firm change is relatively incremental or conserving/entrenching in nature
(Abernathy and Clark 1985).

As firms are complex open systems that interact with their environments, this
firm-environment dependence also generates to-be feedback that complements and
works with the as-is feedback. The to-be feedback is searching and anticipatory in
nature. It stimulates behaviors (see the third column of table 3) that help lessen the
negative consequences of uncertainty by providing adequate notice and information of
changing environmental conditions for generating new organizational configurations.
For example, firms might maintain excess or slack resource levels which are used for
exploring and developing new knowledge (Barnard 1938, Thompson 1967, Bourgeois
1981). Such resource conditions promote double-loop (Argyris and Schon 1978) or
generative learning (Senge 1990) where both the competences and the norms of the

firms are challenged and changed.
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Distinctive Processes

Types of Feedback and Examples of

Associated Behaviors and Ouicomes

As-Is

To-Be

Coordination/integration
Acguiring, allocating and
coordinating and assimilating
TCSOUrCes.

Explomation: error-control,
efficiency, productivity and
reliability.

Lean operations: removal of
waste.

Exploration: search, discovery
and innovation.

Organizational slack: a cushion
or excess of resource that enables
firms to adapt.

Learning
Repetition and experimentation that
enables tasks to be performed better

Smgle loop or adaptive
learning: the detection and of
errors without changing the
organization.

Double loop or generative
learning: the detection and
correction of errors combined
with organizational change.

Reconfiguration

Altering resources and routines to

First-order change:
evolutionary, incremental,

Second-order change:
revolutionary, discontinuous,

continuous and enhancing. radical and disrupting.

refine or transform competences.

Table 2. Affect of Feedback on Dynamic Capability Processes

3.3.3.  Environmental Velocity

As management control research recognizes that contingency impinges on the
design (Chenhall 2003, Waterhouse and Tiessen 1978, Otley 1980), the interdependent
use (Merchant 1990, Otley 1999) and the emphasis placed (Merchant 1990, Widener
2007) on different control systems, we enrich our model by explaining how a specific
characteristic of a firm's context, environmental velocity, can influence the function and

emphasis of its management control system.

Environmental velocity is defined as the rate and direction of change in demand,
competition, technology and/or regulation (Bourgeois and Eisenhardt 1988). We focus
on this environmental characteristic for three reasons. First it is a contingency factor that
affects management control in terms of the decision-making processes (Bourgeois and
Eisenhardt 1988 Eisenhardt 1999, Judge and Miller 1991) and the decision rules (Oliver
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and Roos 2005, Eisenhardt and Sull 2001) that firms use. Second it is an environmental
characteristic that is central to Teece et al.’s (1997) notion of ‘rapidly-changing
environments’ and related environmental phenomena such as turbulence (Dess and
Beard 1984), hyper-turbulence McCann and Selsky 1984), clockspeeds (Fine 1998) and
hyper-competition (D’Aveni 1994). And thirdly, for the reason that researchers have
argued that there is a misconception that dynamic capabilities are useful only in rapidly

changing, or high velocity environments (Moorman and Miner 1998, Zhara et al. 2006).

While this emphasis on high-velocity has been both valid and interesting, we
agree with Moorman and Miner (1998) that it has overshadowed other scenarios,
specifically the value of dynamic capabilities for organizations that face uncertainty and
constraints from low rates of environmental change. Thus, with our model we contrast
how high-low variations in environmental velocity affect the feedback that management
control systems receive, which in turn influences how control systems combine and work

to produce exploration and exploitation forces that act on dynamic capability processes.

To explain how high and low velocity environments differ in terms of
characteristics and consequences, we can consider differences in the contexts of new
technology-based firms. These organizations have internal and external conditions that
span the temporal and innovation-based characteristics that demand dynamic
capabilities. They are young, small, independent ventures that focus on the
development and exploitation of technology (Bollinger et al. 1983, Rickne and
Jacobsson 1999) and face liabilities of newness (Stinchcombe 1965) and smallness
(Hannan and Freeman 1984). These conditions warrant some form of management
control, which is regarded as a sign of legitimacy and professionalism and is positively
related to firm survival and growth (Flamholtz and Randle 2000, Baron, Burton and
Hannan 1996).

As new technology-based firms develop and exploit a technology independent of
its newness or novelty (Bollinger et al. 1983), they can be concerned with leading edge
science-driven research and radical innovations, or with applied product development
and incremental innovations. Such variations in the basic-science intensity and the
newness of the technology are crudely associated with different levels of environmental

velocity. For instance, new technology-based firms concerned with basic-science
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research activity (e.g. biotechnology and nanotechnology firms) tend to operate in low-
product velocity environments with lead-times in the region of 10-20 years. While, new
technology-based firms concerned with applied research and development activities
(e.g. computer games and consumer electronic firms), typically face high-velocity

environments with product development lead-times of about 1-3 years.

These high-low variations in environmental velocity entail particular forms of
technological and market uncertainty that produce to-be feedback which has variations
in “grain” (Hannan and Freeman 1977). That is to say, a high-velocity environment
generates to-be feedback that is frequent and short in duration (fine-grained) and firms
operating in such environments require management control systems that cybernetically
adjust, but also remain focused on core activities. Whereas low-velocity environments
produce to-be feedback that is sporadic, degraded and long-term in nature (coarse-
grained), requiring management control systems to emphasize organizational purpose

and activities such as search, learning and communication.

3.4. CONTINGENT MANAGEMENT CONTROL AS A
DYNAMIC CAPABILITY INSTRUMENT

This section provides a detailed theoretical model of how contingent
management control leverages dynamic capabilities (figure 2.). It extends the
relationships depicted in figure 1 by combining the effects of environmental context with

control system foci (table 1) and the role of different types of feedback (table 2).
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Figure 4. The Relationships Between Environmental Velocity, Management

Control and Dynamic Capability Processes

As previously mentioned, variations in environmental velocity generate different
forms of uncertainty and to-be feedback. The rapid and irregular change found in high-
velocity environments tends to produce to-be feedback that is frequent and
discontinuous in nature, as markets quickly change or new ones regularly emerge
(Moriarty and Kosnik 1989). These conditions make it difficult for firms to develop a
clear and comprehensive understanding of their environment, as the feedback soon

becomes inaccurate, unavailable, or obsolete (Eisenhardt and Bourgeois 1988).

To search for, receive and process this type of to-be feedback, firms must be
outward and responsive, but also formal, rational and comprehensive in terms of their
internal planning and control (Bourgeois and Eisenhardt 1988, Eisenhardt, 1999). Such
requirements call for management control systems that allow firms to process to-be
feedback in a vigilant and sagacious manner, so as to monitor and restrict any
inappropriate reactions to the frequent and discontinuous change. Therefore, we
propose that in high-velocity environments, a joint emphasis on boundary systems and
diagnostic systems will help screen, restrict and adjust organizational behaviors in line
with environmental changes. The diagnostic systems promote adaptive and corrective
action. While the boundary systems proscribe and limit strategically undesirable
behaviors that may be triggered by the diagnostic systems as they continually consider

and respond to high-velocity changes.
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In contrast, low-velocity environments produce to-be feedback that is sporadic
and expected in nature. Such long-term changes produce a perceived environmental
stability that make it difficult to monitor and predict the patterns that eventually give rise
to industry change. Thus, low-velocity environments produce to-be feedback that
imposes unique cognitive challenges upon firms in terms of their ability to understand
their environment through systematic scanning (Bogner and Barr 2000, Nadkarni and
Barr 2007).

This type of to-be feedback necessitates a management control system that
mutually emphasizes beliefs and interactive systems. The beliefs systems promote
purpose and core values that enthuse employees to search, explore and create
opportunities. Meanwhile the forward looking interactive systems watch for threats and
opportunities, thus allowing for emergent strategy to serve changes in the environment
(Widener 2007). Consequently, we propose that beliefs and interactive systems
combine to help focus and motivate employees to achieve appropriate searching for and
processing of feedback in low-velocity environments. This is necessary because
coarse-grained to-be feedback demands organizational behaviors that promote

structuration and exploration for present and future time frames.

Thus, for the first part of the model we posit that high-velocity conditions produce
frequent and discontinuous to-be feedback that requires firms to jointly emphasize their
diagnostic and control systems; and low-velocity conditions generate infrequent and
sporadic feedback that requires firm to jointly empathize their interactive and beliefs
systems. Such relationships are consistent with Simons (1995) arguments that the four
control systems create complementary tensions. The beliefs and interactive control
systems create positive energy for exploration and innovation, and the boundary and
diagnostic systems produce a negative energy for exploitation and efficiency. This
combination of feedback processing and control system emphasis provides stimuli for
proactively and reactively achieving a dynamic capability (Hayes and Clark 1988,
Dierickx and Cool 1989, Prahalad and Hamel 1990, Chandler 1990, Teece 1993, Teece
et al. 1997).

The next stage of the model is concerned with how beliefs and interactive

systems, and boundary and diagnostic systems, collectively act on dynamic capability

79



processes to induce appropriate levels of exploitation and exploration (March 1991).
This ambidextrous capacity (Duncan 1976, Tushman and O’Reilly 1997) is the basis of a
dynamic capability, as firms must engage in “sufficient exploitation to ensure its current
viability and, at the same time, devote enough energy to exploration to exploration to
ensure its future viability” (March 1991: 105).

As shown in table 1 the beliefs and interactive systems work in tandem to
promote forces for the scanning, searching, discovery and innovation activities that
define exploration. And the diagnostic and boundary systems work together to generate
forces for the error-control, efficiency, productivity and reliability activities that define
exploitation. Both the exploration and exploitation forces act on a firm’s resources via
the distinctive processes of coordination/integration, learning and reconfigurability; and
the emphasis between exploration and exploitation that these processes receive is
dependent on the control system leverage. Thus, our theoretical model articulates how
contingent management control systems facilitate the ambidextrous balance of

exploration and exploitation required by a dynamic capability.

As different forces for exploration and exploitation act on the three distinctive
capability processes, this will trigger different approaches to assigning resources and
tasks, synchronizing activities, and searching for, acquiring and exploiting knowledge
(see table 2). This control over the dynamic capability processes helps initiate a process
of reconfiguration that refines or transforms competences in accord with the
management control force imposed. Thus, we propose that if a firm’s management
control system is organizationally and environmentally congruent, it will be a significant

determinant of dynamic capabilities and differential firm performance.

The final part of the model addresses the role of as-is feedback, which provides
performance information that works with and complements to-be feedback.
Consequently, as-is feedback is a control loop that directly connects firm outputs to the
diagnostic part of the model to ensure that organizational processes receive sufficient
cybernetic control. This provides goal oriented feedback that involves setting
performance goals, measuring actual performance and comparing actual performance to
the goals. Itis a feedback cycle that provides motivational properties when

discrepancies between actual performance and desired performance exist, thus altering
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or transforming organizational processes to reduce or eliminate the identified

performance discrepancy.

Whereas to-be feedback helps firms to predict and compensate for disturbances
that could create performance discrepancies, the as-is feedback detects errors or
deviations from strategic and operational goals, after they have occurred. Thus, as-is
feedback complements to-be feedback by counteracting any accrual of to-be errors that
might occur as the firm responds to perturbations from the environment. And likewise
for as-is feedback to function according to goals, the firm via its management control

system, receives to-be information to form strategic scenarios.

Since as-is feedback focuses on performance measurement and conformance it
tends to only prompt exploitive and reactive behaviors. These create changes in
competences that are incremental or first-order in nature. If this corrective process
keeps pace with the rate of performance discrepancies that a firm encounters, then
single-loop learning and first-order change could be sufficient to ensure survival.
However, if the discrepancy delta is too large for first-order change, then as-is and to-be
feedback combine, via the management control system, to shift the forces for

exploitation to exploration.

In summary, the relationships in figure 2 provide a picture of the interplay
between variations in environmental velocity, interdependent control system components
and the three dynamic capability processes. The model shows how these factors
combine to process different types of to-be feedback, which produce and direct
exploitation and exploration forces that ensure the current and future viability of a firm.
We posit that this contingent management control approach provides a theoretical
framework for addressing some of the ambiguities about how managers develop,

maintain and direct dynamic capabilities.
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3.5. CONCLUSIONS AND IMPLICATIONS

In the years since Teece and Pisano (1994) asked us to think about how firms
extend, modify or create competences, and Simons (1994, 1995) proposed his levers of
control framework, it has generally been recognized that individually each of these
frameworks is positively associated with firm performance. However, the significance of
combining the two has been overlooked. The aim of this chapter has been to help
address this gap by integrating both frameworks with contingency theory. The resulting
model helps explain how this contingent management control provides guidance and

coordination that is both exploitative and explorative for achieving dynamic capabilities.

The model presents a number of broad and related contributions that have
implications for both theory and practice. First, it represents how management control
systems act as levers for dynamic capabilities, in a similar way to which Eisenhardt and
Martin (2000: 1118) argue that “dynamic capabilities are best conceptualized as tools
that manipulate resource configurations”. These control levers process feedback and
generate forces that prompt and direct exploitative and explorative behaviors for refining

or transforming existing competences.

A second core contribution is the notion that dynamic capabilities are achieved
via multiple interdependent and complementary control systems. Specifically, we used
Simons ‘levers of control’ framework to show that beliefs and interactive systems
coalesce to promote apt search, discovery and learning, via the dynamic capability
processes. Working in tandem with these two control systems are boundary and
diagnostic systems, which combine to monitor, measure and if necessary restrict or alter
the behaviors induced by the beliefs and interactive systems. These systems promote
exploitation and the correction of performance discrepancies, while allowing exploration

within pre-defined limits of freedom.

A third contribution of our model is that a firm’s organizational and environmental
contexts will functionally and causally influence the effectiveness of its management
control system and the potential for a dynamic capability. In particular, we argue that
variations in environmental velocity affect control systems because of differences in the
decision horizons, information quality and rates of change. High-velocity environments

produce frequent and discontinuous to-be feedback, which suits the regulating and
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controlling nature of boundary and diagnostic systems. And low-velocity environments
generate to-be feedback that is relatively sporadic and expected. This necessitates a
commitment to organizational purpose and experimentation and learning, via the beliefs

and interactive systems.

The practical implications of this work are that managers should note the
characteristics of their environments and design management control systems to
encourage process behaviors that ensure current and future survival. This contingency
view recognizes that management control requires particular kinds of feedback to
operate well, which also means that the environmental context acts as a filter that
selects or permits fit management control systems, while rejecting unfit ones. Thus,
regardless of the functional or causal influence, management control system
contingency means that in some environments particular aspects of a management
control system will work well, while in others they could be relatively ineffective at best,

or pernicious at worst.

We also help to inform practice by explaining how contingent management
control relates to a firm’s dynamic capability potential. In particular, it indicates how
managers might overcome the challenge of creating and managing the ambidextrous
organizational form that is deemed central to a dynamic capability. We suggest that
contingent management control also requires a ‘dynamic’ or adaptive perspective to
achieve this organizational form. That is, the configuration and use of a management
control system, like a firm’s processes and competences, can be changed, or toggled
over time to produce behaviors and outputs in accordance with environmental

expectations.

This notion of dynamic and contingent management control is also the essence
of capability learning, whereby the control systems act as levers for starting, stopping
and re-directing different types of learning (Winter 2000). The degree of deviation from a
desired performance level provides stimuli that influence the aspirations to new
competences, the level of adjustment required and the amount of organizational energy
needed. These factors affect a firm’s ability to adapt to changing circumstances and

alter their resources and routines over time.
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Furthermore, the acknowledgement that management control systems and
corresponding competences should learn and adapt, helps avoid unfit legacy systems
that maintain existing coordination/integration practices and keep the firm rooted to
existing competences. To overcome such inertia, management control systems can be
adjusted to redirect the resources and routines for attaining the coordination/integration,

learning and reconfiguration needed for strategic renewal.

While this chapter highlights and explains the role of contingent management
control systems in enabling dynamic capabilities, there are some limitations which
provide opportunities for further research. First, this study is deliberately restricted in
environmental scope, in that it focuses only on variations in velocity. Although this was
intentional to illustrate the effect of a relevant environmental characteristic, it is
acknowledged that this introduces a simplification. Further research might consider the
effect of other environmental characteristics such as munificence (Aldrich 1979,
Castrogiovanni 1991) and complexity (Emery and Trist 1965, Cannon and St John 2007)

on management control system effectiveness.

In summary, the problem of achieving and using dynamic capabilities involves a
number of strategic and organizational issues. By focusing on management control
systems, we suggest that its scope and influence are broad enough to balance a firm’s
as-is feedback and to-be feedback processing. This is essential for resolving the
ambidexterity demands of dynamic capability, as control systems harmonize the
energies and tensions that drive and balance exploitation and exploration. This helps
avoid the effects of too little feedback (to-be and as-is) that would fix a firm to its current
configuration, while limiting the consequences of excessive to-be feedback that keeps

the firm in a constant flux, unable to deliver value.
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4. Achieving Contextual Ambidexterity in R&D
Organizations: A Management Control
System Approach

This chapter has been published in R&D Management, 41(3), 2011 under
co-authorship of lan P. McCarthy and Brian R. Gordon.

4.1. Abstract

Research on how managers control R&D activities has tended to focus on the
performance measurement systems used to exploit existing knowledge and capabilities.
This focus has been at the expense of how broader forms of management control could
be used to enable R&D contextual ambidexterity, the capacity to attain appropriate
levels of exploitation and exploration behaviors in the same R&D organizational unit. In
this paper, we develop a conceptual framework for understanding how different types of
control system, guided by different R&D strategic goals, can be used to induce and
balance both exploitation and exploration. We illustrate the elements of this framework
and their relations using data from biotechnology firms, and then discuss how the
framework provides a basis to empirically examine a number of important control

relationships and phenomena.

4.2. Introduction

Controlling R&D is a challenge. Managers have long struggled to develop
effective control systems for directing and adjusting R&D behaviors and outcomes.
Consequently, researchers have been motivated to examine R&D control from three
complementary levels of analysis: the firm, the market, and the innovation system
(Chiesa and Frattini, 2009). This has resulted in studies that explore how R&D activities

and outputs should be measured (e.g., Souder, 1972; Schumann, Ransley and
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Prestwood, 1995; Werner and Souder, 1997; Kerssens-van Drongelen and Bilderbeek,
1999; Chiesa and Frattini, 2007); how R&D organizations should be designed and
managed (e.g., Tymon and Lovelace, 1986; Whittington, 1991); and how markets and
governments can support R&D (e.g., Moravesik, 1973; Martin and Irvine, 1983).

A feature of research on R&D control is that it has largely focused on the design
and impact of performance measurement systems, which are only one type of control
system - the diagnostic control system (Otley, 1980; Simons, 1994). As diagnostic
systems are used to evaluate and reward organizational activities, they tend to induce
relatively measurable exploitation behaviors that ensure current viability, at the expense
of the more intangible exploration behaviors needed for ensuring future survival. This
bias is counter to the notion that sustained organizational performance requires an
organization to effectively balance exploitation with exploration (March, 1991), a
capability known as “organizational ambidexterity” (Duncan, 1976; Tushman and
O’Reilly, 1996).

Although sustained organizational performance is associated with a firm’s ability
to be ambidextrous, it is a capability that is conceptually ambiguous and difficult to
achieve. On the one hand, ambidexterity is viewed as the attainment of a balance
between exploitation and exploration, whereby “organizations make explicit and implicit
choices between the two” (March, 1991, p. 71) to attain an “optimal mix” (March, 1991,
p. 75). On the other hand, exploitation and exploration are considered to be mutually
enhancing, so that it is possible for firms to attain high levels of both (Gupta, Smith and
Shalley, 2006; Jansen, van den Bosch, and Volberda, 2006). In our paper we follow the
“balanced” view of ambidexterity, and assume that R&D managers face decisions about
allocating resources and attention to activities that can be relatively explorative or

relatively exploitative in nature.

Although the classic definition of ambidexterity provided by March (1991) would
seem to suggest that R&D is exploration, the dilemma of balancing exploitation and
exploration clearly exists in R&D organizations. Ahuja and Lampert (2001), for example,
explain how R&D activities vary across the exploitation-exploration continuum. They
define R&D exploration as activities and outputs that focus on novel, emerging and

pioneering technologies; they define R&D exploitation as activities and outputs
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concerned with mature, familiar and propinquituous technologies. Similarly, McNamara
and Baden-Fuller (1999; 2007) argue that ambidexterity is fundamentally about different
forms of learning, and that R&D organizations, in common with other types of
organization, must maintain a balance of short-term exploitation and long-term
exploration to be successful over time. These characterizations of R&D exploration and
R&D exploitation follow the view that ambidexterity is the capability to balance different

types of knowledge production (Levinthal and March, 1993).

While organizational ambidexterity is a relatively straightforward concept to
understand, it is not an easy capability to attain. Exploration and exploitation have
fundamentally different qualities. Exploitation is characterized by short-term time
horizons, efficiency, reliability and refinement, while exploration involves long-term time
horizons, search, experimentation, innovation and adaptability. To simultaneously induce
and balance these differences, there are two recognized approaches. One is “structural
ambidexterity” (Tushman and O’Reilly, 1996), which involves splitting exploitation and
exploration into different organizational units (i.e., separate divisions, departments or
teams). It is then the task of senior managers to ensure that the respective exploitation
and exploration outcomes of each organizational unit are integrated to create value. This
integration task, however, can also be difficult to achieve because the organizational
units are disconnected. A second complementary approach is “contextual ambidexterity”
(Birkinshaw and Gibson, 2004; Gibson and Birkinshaw, 2004; Raisch and Birkinshaw,
2008). It involves creating an organizational context — the organizational stimuli that
inspire, guide and reward people to act in a certain way (Ghoshal and Bartlett, 1997) —
that will allow exploitation and exploration behaviors to transpire in the same

organizational unit.

We argue that contextual ambidexterity is important and suited to R&D
organizations for at least two major reasons. First, the problems of attaining
ambidexterity by structural separation are compounded for R&D organizations. R&D
activities are often already structurally separated and operationally distinct from other
organizational activities such as legal, manufacturing or sales. Thus, any further
partitioning (i.e., separating the “R” from the “D”) increases the problem of integrating
and utilizing R&D outputs throughout the organization. This is especially so for small- to

medium-sized organizations, whose R&D activities are tightly intertwined. Second, we
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suggest that contextual ambidexterity is suited to the “clan control” typically found in
R&D organizations (Ouchi, 1979), as it involves using “processes or systems that enable
and encourage individuals to make their own judgments about how to divide their time
between conflicting demands for alignment and adaptability” (Gibson and Birkinshaw,
2004, p. 211).

In this paper we focus on the problem of how to attain contextual ambidexterity in
a single R&D organizational unit. We present and illustrate a conceptual framework that
shows how broader forms of control system, guided by R&D goals, could be used to
encourage teams and individuals in R&D organizations to simultaneously pursue both

exploitation and exploration. We present our arguments in four major sections.

First, we review the R&D management control literature, highlighting the need to
move beyond exploitation and metric-focused performance measurement. We identify
the importance of linking the design and use of control systems to the R&D goals of the
organization. Second, we develop our conceptual framework by synthesizing R&D
control concepts with control theories developed in the fields of accounting and strategic
management. Specifically, we adapt Simons’ (1994) “levers of control” framework, which
consists of four types of control system: beliefs systems, boundary systems, diagnostic
systems and interactive systems. We explain how these four types of control system,
guided by R&D strategic goals, can work together to develop and harness both
exploitation and exploration in an individual R&D organization. Third, although studies
have recognized that beliefs, boundary, diagnostic and interactive systems work
together to create different behaviors and outcomes (e.g., Widener, 2007; Chiesa, Frattini,
Lamberti and Noci, 2009a), significant ambiguity remains in the literature regarding what
these systems actually are. That is, what actual rules, policies, procedures, processes,
technologies and incentives might R&D managers use to create the control associated
with each type of control system? In response, we presented our framework to
managers and scientists employed by small- and medium-sized biotechnology firms.
This was not done to inductively derive the framework, nor to provide strong empirical
support for it. Rather, we sought examples to help describe and illustrate the framework,
to provide some preliminary face validity for our arguments, and to exemplify what these
control systems actually are. Fourth, we discuss some general implications of our

conceptual framework for R&D management, each of which points to future areas of
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research. We suggest that our framework provides a basis for empirically studying the
extent to which multiple R&D strategic goals drive the use of different types of control
system. We also contend that our framework provides a starting point from which to
examine how the use and attention of different management control systems can be
altered over time so that R&D managers can “dynamically” manage the exploitation-

exploration balance.

4.3. R&D MANAGEMENT CONTROL: MOVING BEYOND
PERFORMANCE MEASUREMENT

When Freeman (1969, p. 11) argued “if we cannot measure all of the information
generated by R&D activities because of a variety of practical difficulties, this does not
mean that it may not be useful to measure part of it”, he spurred a generation of scholars
to understand what constitutes effective R&D management control, in both industrial and
government settings. Table 1 presents a selection of control system studies published in
leading R&D management and innovation journals. For each study, the table lists the
type of control system examined, according to the control systems in Simons’ (1994,
1995a) framework. These are (i) beliefs systems that are used to inspire employees to
engage in activities central to the values, purpose and direction of the organization; (ii)
boundary systems that limit strategically undesirable activities and outcomes; (iii)
diagnostic systems that measure activities to ensure they are in accordance with
organizational objectives; and (iv) interactive systems that scan for and communicate
strategic information to employees so as to adjust the direction of the organization. For

each study we also list the type of analysis undertaken, and the contribution made.
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Table 3.

Art

Control Systems
Examined

Empirical .

alysis

Findings

Schaipblatt (1982}

Diagnastic

Literature and company survey that compared the use of
R & D praductivity measurement sy stems

Systems should differ according te research activities and
development activities, and overall E&D goals

Martin & [rvine (1983

Diagnostic

Measures for allocating funds to scientific rescarch institutes

A system of indicators for assessing scieniific research
pragress

Cooper and Kleipschmidl
{1986},

Diagnastic; Boundary

How variations in the structure and stages of the new product
development process mtluence mmnoevation sutcomes

A maodel that explains how contral efficiency and control
reliability mfluence project outcomes

Cordero i 1990}

Diagnastic

A study the links between firm level R&D investments,
praoductivity and reward allocation

A maodel that combines technical and commercial
performance and spectfies how measures vary according to
arganizational levels and process stages

Whittington { |4 §

Boundary

A study of in-house and independent R& D orgamizations and
three types ef structural contrel: market, hierarchical and
praofessional

R & D organizations with market control are mare productive
than thase with hicrarchical and professional control

Bart | 1953

Diagnastic;
Boundary; Interactive

Imterviews with R& D managers in large companies on the
tighiness or formalidy of their coniral systems

The impartance of halancing formal and informal controls,
e lme with R&D goals

Hauser and Letielmeyer

(1997

Diagnaostic

Interviews with CEOQs, CTOs and researchers at ten research
intensive arganizations on the use of performance measwres

Etfective measures depend upon the goals and research
intensity of the R&D and engineering activity

Melrath & Bomer

(a9

Diagnaostic

Determining R& I veness in electronics companies by
assessing invesiment versus new product performance

Firms with a high R&» tiveness index are more

praductive, reliable and innovative

Kerssens-van Drangelen
& Cook {1997

Diagnastic

Literature review, company survey and in-depth imterviews
1o assess use of R&D measures and system design principles

Outlines the imporance of contingency factors and specities
conirel system requirements and design parameters

Wemer & Souder (1997

Diagnastic

Survey to understand measurement philosophy and percemved
usetulness of measurement

Control system design 15 dependent on control aims, type of
R & activity, data availabality and cost

Kerssens-van Drangelen
& Bilderbesk ( 1999)

Dingnastic; Beliefs

Survey of perfarmance measurement practices and
biveness

Expleres the importance of contingency factars and
haghlights the imporance of feedback and feed-forward
conirel

- odener & Saderg
{2004

Diagnaostic

Use and impact of performance measurement an decision
making and operations

Using performance resalts will improve R&D relevance and
coherence, decision-making and employee motivation

Kadszon, Frygs &
Flistrom, (2004 )

Diagnastic

Case study that examines product and process development

Systems should be designed to suit type of R&D activity,
conirel needs and strategic goals

Y RnRaD, A B
Sutherland. Smath, &
Blogmesl (20DE]

Dingnastic; Belicfs

Case study that examines balanced-score card use in a
research institute

Systems can align measurement with strategic objectives
and address capability and utilization issues

Chiesa et al | 200%a)

Diagnastie; Belieds,
Interactive, Boundary

Case studies that examine how these systems are emploved
in different phases of the radical innovation process

Beliefs and interactive systems are more prominent in the
carly stages of the process, while dingnostic systems are
more prominent in the later stages af the process

Review of Empirical Studies Within the R&D Management Control Literature
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Looking across these studies, we identify four themes that characterize much of
the existing research in the area, and provide the motivation for the conceptual
framework that we develop. First, existing studies have predominantly focused on how
performance measurement systems (i.e., diagnostic control systems) promote the
efficiency of behaviors central to R&D exploitation. Although there are some studies that
examine broader forms of control, including the effects of process formality (Bart, 1993),
project structure (Cooper and Kleinschmidt, 1986), professional rituals (Whittington,
1991), and goal setting activities (Kerssens-van Drongelen and Bilderbeek, 1999;
Yawson et al., 2006), there is only one study we know of that has used Simons’ (1994)
control framework in an R&D context (see: Chiesa, et al., 2009a). Furthermore, although
Table 1 only lists empirical studies (so as to focus and limit our review to established
R&D control concepts), a wider reading of the R&D management control literature
reveals that diagnostic control has so far dominated prior work on R&D control
frameworks (e.g., Bremser and Barsky, 2004; Chiesa and Masella, 1996), taxonomies
(e.g., Tymon and Lovelace, 1986), and reviews of R&D measures (e.g., Werner and
Souder, 1997; Geisler, 2002; Garcia-Valderrama and Mulero-Mendigorri, 2005).
Consequently, the motivation for our paper follows the view that although “measuring
performance is helpful, it is only part of the story” (Chiesa, Coughlan and Voss, 1996, p.
105). In particular, we argue that different types of control system, guided by R&D
strategic goals, can work together to balance different levels of exploitation and

exploration in individual R&D organizations.

Second, research on the diagnostic control of R&D has traditionally focused on
the performance measures as opposed to the systems (e.g., the rules, procedures and
technologies) that managers might use to direct and adjust R&D behaviors. This
measure-based approach treats R&D organizations as “black boxes”, ignoring their inner
workings and the relationships between goals, controls, behaviors and outcomes. By
focusing on the different types of control system used, and collecting data from
managers and scientists in biotechnology firms, we aim to provide examples of these
systems. This follows other studies of R&D control that focused on the actual systems
used (e.g., Szakonyi, 1995; Chiesa et al., 1996) and emphasized that control is about
more than choosing a set of metrics (Kerssens-van Drongelen and Cook, 1997;

Kerssens-van Drongelen and Bilderbeek, 1999).
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Third, by definition, research on the diagnostic control of R&D tends to highlight
what we call a specific “control orientation”. This is the extent to which individuals and
teams conceive and undertake control in an ex post (after-the-event) or ex ante (before-
the-event) manner. Prior research on R&D control has tended to focus on the “feedback
control orientation”, which is when after-the-event information (e.g., errors, failures and
other unsatisfactory organizational outcomes) is used to direct and adjust organizational
behaviors. This feedback control orientation is central to exploitation as it promotes
single-loop learning and the continuous refinement of organizational practices and
capabilities (Argyris and Schon, 1978; Kerssens-van Drongelen and Bilderbeek 1999). In
contrast, a “feed-forward control orientation” involves seeking and receiving before-the-
event information about future trends, events and their effects (e.g., changes in
regulations, competition and demand). This information is used to adjust organizational
behaviors so as to prevent unacceptable outcomes from occurring. It is a control
orientation that energizes the exploration and double-loop learning needed for
individuals and organizations to radically rethink and alter their existing capabilities
(Argyris and Schon, 1978; Kerssens-van Drongelen and Bilderbeek, 1999). Using our
conceptual framework, we explain how different types of control system work together to
generate both feedback and feed-forward control orientations, which together provide

informational stimuli to induce the behaviors necessary for contextual ambidexterity.

Fourth, it is clear from the studies listed in Table 1 that the effectiveness of R&D
control is contingent on a number factors, one of the most prominent of which is the R&D
goals of the organization (see: Bart, 1993; Chiesa et al. 2009b; Schainblatt, 1982). Thus,
in the next section of our paper we describe how four R&D goals - growth, innovation,
reliability and efficiency — relate to and drive the use of control systems and the

attainment of R&D ambidexterity.

4.4. A Management Control Framework for R&D Contextual
Ambidexterity

In this section of our paper we develop our conceptual framework. We synthesize
management control ideas and advances from the fields of accounting and strategic

management, and apply these to the domain of R&D control. In particular, we explain
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how the use of the four types of control system proposed by Simons (1994), guided by
different R&D strategic goals, can be used to induce and balance the exploitation and
exploration behaviors, and the feedback and feed-forward control orientations necessary

for attaining contextual ambidexterity.

44.1. Simons’ Levers of Control

In the fields of accounting and strategic management, researchers have argued
that management control involves using a number of different, but inter-related types of
system (Ouchi, 1979; Otley, 1980; Eisenhardt, 1985; Marginson, 2002; Turner and
Makhija, 2006). To explain how control systems can vary and function, Simons (1994)
proposed an influential framework of management control built around what he termed
the “four levers of control” - beliefs systems, boundary systems, diagnostic systems and
interactive systems. Collectively these four types of control system represent the
policies, procedures and technologies that influence the cultural norms, behaviors and
outcomes of individuals and groups. Each type of control system has unique effects but,
importantly, they also work in conjunction with one another to manage “the inherent
tensions between (1) unlimited opportunity and limited attention, (2) intended and
emergent strategy, and (3) self-interest and the desire to contribute” (Simons, 1995a, p.
28). We place Simons’ (1994) four types of control system as the central element in our
conceptual framework (see Figure 1), and argue that R&D managers, guided by R&D
strategic objectives, can use Simons’ control systems to shape the organizational
conditions necessary for contextual ambidexterity. We now discuss each type of control

system in more detalil.

Beliefs systems are “the explicit set of organizational definitions that senior
managers communicate formally and reinforce systematically to provide basic values,
purpose and direction for the organization” (Simons, 1995a, p. 34). They help ensure
that the attitudes and behaviors of individuals are aligned with the R&D strategic goals
and the scientific principles that underpin the R&D organization. They provide the
“positive energy” necessary for exploration (Simons, 1995a), and the strategic
coherence necessary for R&D employees to search for new knowledge and

opportunities in an autonomous, but focused manner.
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Interactive systems enable “top-level managers to focus on strategic
uncertainties, to learn about threats and opportunities as competitive conditions change,
and to respond proactively” (Simons, 1995b, p. 81). These systems are used by R&D
managers to scan, “explore” and acquire information about events and trends in their
organization's external environment (Daft & Weick, 1984). They also include the
communication processes that R&D managers use for instigating debate with colleagues
about the future of the organization. Intra-organizational networks (Swan, Newell,
Scarbrough and Hislop, 1999), information technology (Alavi and Leidner, 2001), and
group based processes such as brainstorming and sand-pit events (Cummings, 2004),
are all example of interactive systems that managers can employ to engage in
exploration and knowledge sharing.

Boundary systems delineate “the acceptable domain of strategic activity for
organizational participants” (Simons, 1995a, p. 39). These are the systems that define
and enforce the limits beyond which employees must not stray. This demarcation role of
boundary systems helps prevent R&D organizations from over-exploring and becoming
too stretched. Thus, boundary systems are central to reliability-based exploitation
behaviors, in that they “transform unbounded opportunity space into a focused domain

that organizational participants can be encouraged to exploit” (Simons, 1995a, p. 41).

Diagnostic systems are the “feedback systems used to monitor organizational
outcomes and correct deviations from preset standards of performance” (Simons, 1994,
p. 170). If non-conformance is identified this can prompt changes in organizational
activities and in the other types of control system, to adjust what is done and how it is
done. As highlighted by our review of the R&D control literature, diagnostic systems tend
to focus on measuring tangible and exploitation activities, which in turn motivate R&D
employees to be productive and efficient. Consequently, strong diagnostic systems, if
used in conjunction with weak or inappropriate boundary and beliefs systems, can
promote the “what you measure, is what you get” phenomenon, which can sometimes

lead to unintended and undesirable consequences.
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Figure 5. Relationships Between R&D Strategic Goals, Control Systems Type,

and R&D Contextual Ambidexterity

4.4.2. R&D Strategic Goals

One of the earliest definitions of a management control system describes it as a
collection of systems that managers use to “ensure that resources are obtained and
used effectively and efficiently in the accomplishment of the organisation’s objectives”
(Anthony, 1965, p. 17). Similarly, R&D management scholars have argued that for an
R&D management control system to be effective it should be aligned with the R&D
strategic goals of the organization (Bart, 1993; Chiesa et al., 2009b; Schainblatt, 1982).

We define R&D strategic goals as statements that motivate R&D organizations to
attain a level of proficiency in a specific R&D capability. In terms of what these goals
might be, we follow studies that emphasize the importance of R&D goals to control
system design and use (Bart, 1993; Chiesa et al., 2008; Karlsson et al., 2004;
Schainblatt, 1982). Together these studies suggest that R&D goals can vary in terms of
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how they specify different types of research activity (i.e., basic research, applied
research, and development), innovation activity and outputs (i.e., incremental and
radical), so as to support the overriding business strategy and rules of competition
governing the R&D organization. The four R&D strategic goals we use - growth,
innovation, reliability and efficiency - are distilled from these principles, and from the
notion that each of the control systems proposed by Simons (1994, 1995a) is individually
oriented towards one of these strategic goals. This is indicated by the goal-control
linkages in Figure 1: growth-beliefs, innovation-interactive, reliability-boundary and
efficiency-diagnostic. These relationships are not exclusive however, and this is
indicated by the single arrowed line that broadly connects all of the R&D strategic goals
with all of the control system types.

We define R&D growth goals as the extent to which an R&D organization seeks
to increase or maintain its organizational size (e.g., number of employees, R&D capacity
and R&D outputs). They indicate the degree to which an R&D organization is concerned
with developing its innovative capacity by increasing its project portfolios, the number of
R&D employees and other related resources (Addison, Litchfield, Hansen, 1976). This is
consistent with Simons’ (1995a) claim that managers will use beliefs systems to inspire
employees to overcome organizational inertia and grow (i.e., build), or alternatively to
focus, be persistent and complete existing projects (i.e., harvest). Consequently, we
suggest that the nature and use of beliefs system in an R&D organization will be linked

to its growth goal.

Innovation goals define the kinds of outcomes that R&D organizations seek to
produce. At the most general level, this involves specifying the velocity, magnitude, and
application range of technological change (McCarthy, Lawrence, Wixted and Gordon,
2010). In an effort to be parsimonious, we focus only on the magnitude of change in a
technology’s capability and the degree of benefit it brings to the market (Wheelwright
and Clark, 1992; Maine and Garnsey, 2006). As recently argued by Chiesa et al. (2009a,
p. 419), such innovation differences significantly influence “the adoption of specific
managerial approaches, organizational solutions and operative instruments”, i.e., the
design and use of appropriate control systems. Furthermore, it is argued, as interactive
control systems promote exploration and learning they are more prominent in the early

stages of the radical innovation process (Chiesa et al., 2009a). On this basis, we
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suggest that R&D organizations in pursuit of radical innovation goals would benefit from
greater use of interactive control systems; conversely, R&D organizations in pursuit of

more incremental innovation goals would require less use of interactive control systems.

Reliability goals indicate the extent to which the activities of R&D organizations
should be trustworthy and dependable (Kiella and Golhar, 1997). This type of goal has
become important, with R&D organizations increasingly undertaking quality improvement
programs. Reliability goals determine the extent to which an R&D organization should be
proficient at reaching project milestones on time (Cooke-Davies and Arzymanow, 2003),
and the propensity of the organization to engage in post-project assessments that
promote organizational learning (von Zedtwitz, 2002). As these activities involve
adhering to acceptable R&D domains and practices, we suggest that the degree to
which the R&D organization desires high levels of reliability, will determine the extent to
which boundary systems are used to “establish explicit limits and rules which must be
respected” (Simons, 1994, p. 170).

Efficiency goals define the extent to which an R&D organization focuses on using
its resources to maximize the production of innovations. As discussed in our review of
the R&D control literature, this particular goal has captured the attention of managers
and scholars who have focused on performance measurement systems and exploitation-
related criteria such as R&D productivity. Consequently, the attainment of this goal is
closely linked to diagnostic control systems that establish targets, and measure activities
and outcomes to help ensure that the other R&D strategic goals are being achieved

efficiently.

4.4.3. R&D Contextual Ambidexterity

We define R&D contextual ambidexterity as the ability to attain appropriate levels
of exploitation and exploration behaviors in the same R&D organizational unit. The right-
hand element of our framework indicates how the four control systems combine to
produce the behaviors and control orientations necessary for this ability. We suggest
that beliefs systems and interactive systems jointly produce exploration and a feed-
forward control orientation. Beliefs systems provide “momentum and guidance for
opportunity-seeking behaviors”, and interactive systems “focus organizational attention

on strategic uncertainties and thereby provoke the emergence of initiatives and
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strategies” (Simons 1994, p. 172). Together these two types of control system promote
prospecting, experimentation and sense-making; all of these are not only central to
exploration, but also promote a feed-forward control orientation for anticipating future
events and their effects. Thus, beliefs systems and interactive systems underlie the
proactive scanning and planning behaviors essential for determining when and how R&D

activities should be modified.

Our framework also suggests that the exploitation aspect of R&D contextual
ambidexterity is linked to the joint use and effects of diagnostic and boundary systems.
Boundary systems permit discovery and learning, but within clearly defined limits of
freedom. Diagnostic systems monitor R&D activities and outputs and use this after-the-
event information to reward conformance, or to modify processes and systems to correct
non-conformance. Diagnostic systems measure activities and outputs so that R&D
managers know when things are going well, or are going wrong. This creates a context
for making informed decisions about resource allocation and process redesign. Thus,
together diagnostic and boundary systems induce exploitation as employees are

directed and rewarded to refine and apply existing knowledge and competences.

4.5. Framework lllustration: The Case of Biotechnology
Firms

In this section, we present data to exemplify the elements of our framework in
terms of what they are (i.e., the actual goals, systems and behaviors), and what they do
(i.e., their effect on other elements of the framework and on an R&D organization).
These data are used to illustrate the framework, and make it more connected to R&D
reality. Similar approaches have been used to illustrate conceptual frameworks dealing
with R&D performance measurement systems (Chiesa, Frattini, Lazzarotti and Manzini,
2008), user innovation (Berthon, Pitt, McCarthy and Kates, 2007), and external

technology commercialization (Bianchi, Chiesa and Frattini, 2009).

45.1. Setting and Methodology

We focused on biotechnology firms, defined broadly as those firms that

undertake life-science research to develop therapeutic products, medical devices, or
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biotechnology related services. Biotechnology firms are particularly appropriate for
illustrating our framework, for several reasons. First, they are often considered to be a
prototypical example of an R&D organization. Second, even though researchers have
argued that the long-term success of these firms depends on continued exploration (e.g.,
discovery, product formulation and preclinical trials), and effective exploitation (e.g.,
clinical trials and the new drug application stage) (McNamara and Baden-Fuller, 1999,
2007), we know relatively little about how this R&D ambidexterity can be attained. Third,
the exploitation and exploration activities of these firms are significantly intertwined with
each other. This means that biotechnology firms are suited to contextual ambidexterity,
because it is problematic to structurally separate these intertwined activities. This is
especially the case for small- and medium-sized biotechnology firms as their
organizational size limits any major and viable separation of resources. Lastly, by
focusing only on biotechnology firms, our data are bounded, helping to provide a

focused illustration of the elements of our framework.

To collect the data, we took advantage of a biotechnology management
education program, led by one of the authors of this paper. The learning nature of this
university-industry program was useful for our research, as it provided respondents with
the opportunity and environment to reflect, analyze and discuss the control systems
within their firms. From 2006 — 2008 we collected data from over 40 senior managers
and scientists, from 15 different biotechnology firms whose organizational size ranged
from 35 to 284 employees (see Table 2). With this number of firms we did not seek to
develop rich cases studies for inductive theory building, nor to provide strong empirical
support for our framework. Instead, we sought multiple sources of data to help describe

and tentatively validate the elements and logic of our framework.

All of the firms were located in Western Canada, and undertook biotechnology
related R&D. Approximately half of the sample, Firms A — H, were research service
organizations that undertook R&D activities to develop their portfolio of testing and
modeling services for drug development and healthcare organizations. The other half of
our sample, Firms | — O, were involved primarily in the discovery and development of
drugs or medical devices. All 15 firms were at least three years old and employed more
than ten people, ensuring that they were likely to employ some form of formal

management control system (Davila & Foster, 2007).
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Firm' Area of histechmolagy Age of Ma. of Haole of respondents

Firm emplayees
{years)

Firm & Eesearch testing services 12 e Chief Executive Officer, Project
Manager

Firm B Research testing services 9 175 Amnalytical Chemist

Firm Research testing services Ll 51 Chief Executive Officer

Firm [} Research madeling services 10 I8 Senior Technologist

Firm E Research madeling services 5 48 Research Scientist
micrabislogy

Firm F Research modeling and testing services 1= 62 Account Manager

Firm G Research modeling and testing services 7 LY. Project Manager

Firm H Research modeling and testing services 23 134 Account Manager

Firm 1 Discovery and development of medical devices 17 284 Business Development
Muanager

Firm J Discovery and develapment of therapeutic drugs 25 120 Research Scientist - toxicology

Firm K Discovery and development of therapeutic drugs & 50 Quality Assurance Manager,
Senior Chemast

Firm L Discovery and development of therapeutic drugs 8 0 Senier Rescarch Asseciate

Firm M Discovery and development of therapeutic drugs 17 201 R&D Technolagist, Praject
Muanager

Firm N Discovery and development of therapeutic drugs 14 59 Senior Research Associate

Firm O Discovery and development of therapeutic drugs 14 67 Research Scientist = oncalogy

' Pseudonyms and basic description of the area of biotechnology areas are used to protect the anonymity of
firms and respondents.

Given our illustrative aims, the data collection began by presenting our
conceptual framework (Figure 1) to groups of between five and ten respondents. During
these presentations, each element of the framework was defined and explained. This
was followed by a discussion to further clarify the function and scope of each element of
the framework. Next, we collected data from individual respondents using a semi-
structured interview. Respondents were first asked to confirm that their firms had an
active R&D capability, and to provide the following background information about their
firms: age, size in terms of employee numbers, and the area of biotechnology the firm
focused on. The respondents were then asked to comment on the validity of the logic of
the framework in general terms, and to consider the extent to which their firms focus on
and use the different types of control system. This latter point required the respondents
to reflect on the number of people, rules and processes associated with each type of
system. Next, the respondents were asked to give examples of how each element of the
framework exists, and to exemplify links between the different elements of the

framework (see Table 3). The aim was to elicit actual examples of the goals, the control
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systems, and the associated behaviors and control orientations. The final stage of data
collection involved a number of follow-up interviews, where respondents were contacted

to either seek further information or to clarify aspects of their answers.

4.5.2. Analysis and Findings

We approached our analysis from a broadly descriptive perspective, focusing on
how the data illustrate the elements and relationships in our framework. Following
guidelines for presenting qualitative case data (see Eisenhardt, 1989), and the format
used by Nag, Corley and Gioia (2007) for their study of strategic change in R&D
organizations, we present our questions and illustrative answers in Table 3. This
summary information complements our narrative in the following sections, where we
describe, using examples, the conceptual logic and reality of our proposed framework. It
is important to note that even though there were no major contradictory comments or
negative assessments of the framework, this does not constitute empirical support for

the framework. The data are simply used to illustrate the elements of the framework.

45.2.1. R&D Strategic Goals in Biotechnology Firms

In terms of R&D growth goals, our framework and data indicate that this varied
largely according to the lifecycle stages of the firm, its markets and its products. This is
consistent with strategic options which characterize the extent to which firms focus on
appropriating returns from stable and limited project portfolios (harvest), versus building
capacity to create new knowledge and technologies for new products and markets
(build) (Gupta and Govindarajan, 1984). Firms E, G and K, for instance, focused on
securing new sources of investment funding so as to grow R&D capacity, and to develop
their early stage technologies. These firms were relatively young, small, idea-rich, but
resource-poor, and thus concerned with building R&D capacity in a way that the larger
and more established firms were not. The larger, more mature biotechnology
organizations (e.g., Firms B, H, | and M) were more concerned with developing efficient
R&D processes to capture returns from existing resources and projects, and thus their
investment intensity in new R&D projects was much smaller. A respondent from Firm M,
for example, stated that “once our company became public the whole nature of our R&D
operations dramatically shifted from creating new technologies, to marketing and selling

our approved product line”. Furthermore, respondents reported that this type of goal was
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linked to the use of beliefs systems which help create a common language, a shared
understanding and strategic coherence within an R&D organization. For instance, the
respondent from Firm N reported that “when we were first formed we didn’t have a
mission statement. We were simply a group of researchers who did research. Sixteen
years later, however, we have had four or five different mission statements, with the
current one emphasizing our commitment to provide value to shareholders”. Similarly,
the respondent from Firm E reported that “We all know that the goal is to build a
company that will be big enough, in terms of talent and promising intellectual property,
so as to attract partners or buyers. ........ and in terms of the control system that reminds

us of this goal — it is communication, communication, and more communication.”

Innovation goals delineate the kinds of outcomes that R&D organizations seek to
produce. Although these goals can vary in a number of ways, we focused solely on the
magnitude of change in a firm’s technology, and the degree of benefit it brings to the
market (e.g., incremental versus radical) (Wheelwright and Clark, 1992). In terms of our
data, respondents from Firms A and B reported that their R&D focused on incrementally
enhancing their existing service offerings for existing customers in the biotechnology and
pharmaceutical industries. In contrast, Firm O focused on adapting its existing
technologies for human therapeutic disorders for animal care (farm and pet) markets.
Our data also indicated that when an innovation goal specified radical innovations, then
this was associated with greater use of interactive control than if the goal stipulated
incremental innovations. For instance, a respondent from Firm A reported that his
organization’s focus on refining existing technology for existing customers was largely
driven by the occasional project meeting with top managers, intended to “boost
organizational dialogue” about how to improve existing testing services. Whereas in the
case of Firm O their desire to develop radically new platform molecular technologies, for
different end-use markets, meant that they faced many technological, regulatory and
market uncertainties. This required their top-management team to develop and
continuously use interactive systems: “We set up committees to collect and report
information on who was doing what in our industry. This information was internally
communicated to the necessary project teams, so they could comment on and help us

plan for the opportunities and threats that we were facing.”
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Reliability goals specify the extent to which R&D will be conducted in a timely
fashion, and in accordance with expected standards and codes of practice. Our data
indicated that this goal is central to biotechnology firms, with all of the respondents in our
study making statements that concurred with the view that “the success of any biotech
firm is dependent on producing and reporting good data, before funding runs out” (Firm
L). The importance of R&D reliability to biotechnology firms is reflected in the demands
of their various stakeholders (e.g., patient groups, investors, collaborators and
government agencies), who expect biotechnology firms to closely follow good scientific
practice and conform to recognized rules and guidelines. Consequently, in terms of the
link between reliability goals and control system use, our illustrative data support the link
to boundary systems. All of the respondents provided comments similar to those listed in
Table 3, indicating that reliability requires strong and effective boundary systems to
reduce the risk of improper behaviors that might cause a project or service failure.

The fourth goal in our framework, efficiency, specifies the extent to which R&D
organizations are concerned with productivity and cost effectiveness as ways to
maximize returns on investment. Our data indicate that while efficiency is on the whole
important to all the biotechnology firms in our study, it was less significant to the six drug
development firms (Firms J, K, L, M, N and O), and the one medical device firm (Firm I),
than it was to the nine research services firms (Firms A, B, C, D, E, F, G and H). The
view of efficiency held by the drug and medical device firms, is reflected in the statement
that the “major time lag between R&D action and R&D outcome, typically limits our
ability to efficiently control our activities, and as a consequence being efficient is not
really a top priority. We just focus on doing good science” (Firm J). In contrast, the
research service organizations considered efficiency goals to be central to their R&D,
which must continuously produce innovations that help keep their services cutting edge
and competitive. This variation in attitudes towards efficiency was also linked to
variations in the extent to which firms used diagnostic systems. For instance, the
respondent from Firm B stated “many of our R&D projects are in collaboration with
customers who have time, quality and cost expectations, ...... and to meet these we

have numerous budget and project monitoring systems.”
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MODEL ELEMENTS

REPRESENTATIVE AND ABEREVIATED ANSWERS?

R& D Strategic Goals

Define what the goals
medar to your firm?

Describe how each fype af
goal releies o eack tvpe
af confrol sysfem?

Grraowth: We are trying to survive and grow; and so we are totally focused on securing the next round of investment. We need the
money o keep existing people, to recruit new people, and buy more equipment {Firm E). When we started out we hoped to buoild a
company big enough to develop multiple drugs on its own, instead, we explored alliances and are finalizing a deal to license the

technology (Firm L). Unlike most biotech start-ups, we are a service business that must produce a return on investment now (Firm
Bi.

Tmmovation: We are in the process of getting new approvals for our products, both in terms of serving new regional markets and
in terms of new applications for our existing products. We are irying to better target the drugs we have (Firm 1. We have this
technology, which it it works out, will completely transform the value chain for this testing service (Firm C).

Relighility: In this industry we succeed and fail on the quality of our data. If we are not scientifically valid at every stage of the
precess; then our products will not get approved (Firm O). If we are not reliable we will soon be out of business (Firm .

Efficiency: This is a major driver for us. Our testing services are up against existing rival services that are continuously
improving. If our R&D does not deliver desirable enhancements to the tests and models we offer, then in the long run we won™t be
able to compete (Firm D). While return on investment is important, we only worry about efficiency when the money starts to run
out (Firm J}.

Growth and Beliefs Sypstems: Originally we were a local company servicing local biotech firms; now we are trying to access
global markets and work with partners around the world, and this is clearly reflected in our mission statement and core values.
{Firm F}. We have grown so we have different types of stakeholders whose interests are communicated to us (Firm H).

Tnnovarion and Inieractive Systems: A few years back the CEQ started organizing company retreats, where we think about how
the orgamization is evolving - what it might become (Firms I}, From an R&D basis we deliver monthly presentations to the chiet
technology officer so that he knows what we are coming up with {Firm E}.

Reliability and Boundory Spstems: The trustworthiness of our research is so important that we strongly adhere to good
lahoratory practice {GLP) (Firm A). Archiving and peer review are common systems in our industry for facilitating boundary-like
control in labks (Firm M.

Efficiency and Diagnostic Systems: Our financial officer monitors and measures our cash burn rate (Firm E). Our project
managers monitor progress each week in terms of the number of tests, and the guantity of data produced and recorded {Firm K.

Table 5. Illustration of Model Elements

2 Some of the answers have been abbreviated to protect the anonymity of firms and respondents.
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Management Contral
Systems

Provide examples af the
riles, pracesses and
fechrologies thar your
firm has for each hipe af
cantral system?

Beliefs: Our mission statement 1s everywhere — it reminds evervene that we aspire to be a sustainable business and not justa
collection of research projects (Firm M), On the walls of our labs are framed posters of famous scientists along with motivational
messages that encourage us to try and make a difference (Firm 1). Like the university recruitment process each member of my team
pets to meet with potential nevw hires to guss out how well they would fit in {Firm I¥).

Imteractive: We use crude technology road-mapping exercises to forecast and communicate technological developments (Firm C).
This involves two types of activity. First, our senior scientists and business development managers produce reports that detail
relevant trends for our industry. Second, we have strategic planning sessions where we report this information to employees and
develop action plans and allocate resources (Firm M), A bit like 3M and Google we are allowed to allocate a percentage of our time
to work on pet projects (Firm F.

Boandary: Code of Conduct and standard operating procedures (All Firms)y;, emplovees can call an independent whistle-blowing
hotline {Firm H). We adhere to a host of regulatory constraints regarding the disposal of waste and handling of radicactive material
{Firm M 1. The tests, inspections and audits conducted by our quality assurance department, as well as adhering to industry
procedures and guidelines c.g., International Laboratory Accreditation Cooperation {Firm BY. The FDA requires us to develop and
maintain risk management systems to ensure that the benefits of our product outweigh the risks (Firm M), All scientific laboratonies
must enforce laboratory dress codes (e.g., no shorts, no skints, no sandals, and no open-toed shoes) for satety and reliability reasons
{Firm A}.

Diggnastic: Individual scientists have specific objectives which relate to project milestones that keep the investors happy (Firm K}
These are the systems that measure how much work individuals do ¢.g., tests per day (Firm L), Employee awards would constitute
this form of contrel (Firm G). For our R&D we have budgets and budgetary controls; these dictate who does what and what gets
done {Firm F).

Table 5 — continued
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R&D Contextual
Ambidexterity

Describe how the different
hpes af contral spstem
wark together to generate
the exploitation and
exploration behaviars in
your firm?

Describe how the different
nhpes of contral spstem

invelve a feedhack and/or
ariepiatinns in yvour firm?

Exploration (Beligfs and Interactive): Some of the biggest successes in our industry have involved companies changing direction
with only six months of operating cash left. To do this required beliefs and interactive systems capable of helping management to
first spot the opportunity and then to steer the company in a new direction (Firm ). Our beliefs systems direct what we do and why
we do it, while our interactive systems provide the freedom and mechanisms to rethink what we do and what we do it (Firm B,

Exploitation (Diagnostic and Boundary): First and foremost we are a service company, and we view innovation and learning as
necessary but costly and hard 1o justify. As a consequence our contrel systems focus on improving project efficiency and
optimizing revenues from existing assets (Firm H). Our boundary and diagnostic systems help us to reassess risk and revise the
co/no go guidelines for research activities (Firm ). I feel that the whole drug development process, with all its checks apd.
regulatinns, creates a high level of consumer protection but also a risk averse product development culture (Firm M.

Feed-forward Conirol Orientation (Beliefs and Interactive): 1 would say these systems are much more open and intangible in
nature - they have to be - becanse we use them to try to make sense of all uncertainty in our industry (Firm 1), What typically
happens is that we use the industry forecasts and scenaries to see if we should maintain our current portfolio of projects e il 2
major change is required then that would almost certainly reguire a change in aspects of our mission statement and project activities
{Firm F}). We could do with formalizing these systems a lot more. This would help stop all the micro-management we have, and
free these guys to see problems coming in time so that we can do something about them (Firm ).

Feedhack Control Orientation (Diagnostic and Bonndary): These systems are obviously feedback in nature — they are all about
doing checks and tests to see what has happened or should have happened (Firm E). There is a view in my company that we have
too many of these systems and they provide so much feedback that we don’t know what to do with it (Firm L) Reviews, andits, and
certifications — these are all industry recognized ways of obtaining feedback (Firm Gl

Table 5 — continued
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45.2.2. Management Control Systems in Biotechnology Firms

The most common examples of beliefs systems identified by our respondents
were the company reports, mission statements and website pages that each firm used to
articulate the research vision and values of the organization. For drug development
firms, beliefs systems typically focused on installing in employees the noble vision of
serving patients, saving lives, and eliminating pain and suffering, while being guided by
research values such as respect, ethics, and team work. In contrast while the research
service firms we surveyed had similar statements about research values, their visions
focused more on being the best or first choice service provider in their market. Other
types of beliefs systems reported by our respondents included the company recruitment
process that “seeks to attract and recruit talent with attitudes and skills that are
consistent with our research values” (Firm K), and the training process, which “develops
people in the “company way” by continually communicating our goals and achievements
to all staff’ (Firm O). Respondents also reported the use of intra-company challenges
and socialization events to promote fun and creative thinking, and to build organizational
coherence. Also in some cases the architecture and decor of company buildings, along
with the pictures on the walls of corridors and laboratories, were all designed to inspire
employees with creative, funky, free-thinking values. All of these examples of beliefs
systems are intended to focus and energize employees in a way that is necessary for

the exploration and feed-forward control aspect of R&D contextual ambidexterity.

In terms of interactive systems, our framework and data indicate that these
include R&D specific systems such as technology road-mapping (Phaal, Farrukh and
Probert, 2006) and real options methods (Barnett, 2005), all of which help companies
understand the effects of emerging technologies. There are also more general strategic
scanning and monitoring systems (e.g., market research, competitor analysis and
technology benchmarking) that collect and analyze data on changes in demand,
products, technology, competition and regulation. Respondents also reported how R&D
projects were started, adjusted and stopped using information from forecasting and
assessment systems. Forecasting systems provide projections about when things will
happen (i.e., a drop in the demand for existing products and services, or the approval of
a new regulation or competitive product), while assessment systems provide estimations

of the impact of these changes on the organization and its R&D portfolio. Such
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interactive systems are also “interactive” in the sense that the managers use the
information they uncover “to continuously and directly involve themselves in the
decisions and behavior of their subordinates” (Chiesa et al., 2009a, p. 421). For
instance, respondents reported the use of planning sessions “to distribute strategic
information to employees, and then work with them to develop action plans and allocate
resources for existing and new projects” (Firm ). Respondents also reported that project
and organizational based interactive systems are used by managers and their teams to
speculate on future R&D scenarios, and to ensure that the foci and aims of the other
types of control system are adjusted as R&D strategic goals shift. Furthermore, all of the
firms in our study had scientific advisory committees that provided advice that could alter
the strategies for planned, pipeline and approved R&D projects. These committees
dictated the direction of exploration and the scope of feed-forward control, necessary for
R&D contextual ambidexterity.

Boundary systems act “like an organization’s brakes” (Simons, 1995b, p. 84).
They restrain and guide employees so that the firm does not experience an accident,
i.e., a failure and crisis. For biotechnology firms the systems are typically built into a
firm’s laboratory practices, project management methods, and resource allocation
decision making processes. For instance, many respondents reported that their firms
had “a Code of Conduct that all our employees must be certified to” (Firm D) and that
“product approval is dependent on us producing, analyzing and archiving risk data to
ensure that the benefits of our planned drug outweigh the risks” (Firm L). There are also
non-firm specific boundary systems, which for biotechnology firms included regional and
national laws, regulations from institutions such as the U.S. Food and Drug
Administration (FDA) and the European Medicines Agency (EMEA). Furthermore, there
are certification regimes such as Good Laboratory Practices (GLP), which are “primarily
intended to guarantee safe animal and toxicology testing, yet also help to ensure that
laboratory results are internally peer-reviewed. This helps to limit the risk of producing
results that are wrong, fabricated or massaged” (Firm K). In summary, as R&D
researchers enjoy relatively high levels of job autonomy, boundary systems are used to
avoid or mitigate unsafe or unethical behaviors, or actions that constitute scientific
misconduct. These systems counter the effects of diagnostic systems, and are most
likely to produce the risk averse behaviors associated with exploitation and the checking

of conformance that goes with feedback control.
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In terms of diagnostic systems, our framework and data indicate that these
include project planning systems for target drug approval dates, budget systems for
project costs, laboratory management information systems (LIMS) for recording and
analyzing sample tests, and clinical trial systems for measuring the performance or
efficacy of a drug. Such systems are progress-focused. Managers, boards and
regulatory agencies identify research project goals, review progress, and arrange post-
project reviews to identify lessons and corrective actions. In terms of R&D output, both
the drug development firms and the modeling and testing service firms in our study used
a number of corporate level diagnostic systems. These measured the production of
scientific papers, returns from R&D collaborations, the creation and approval of patents,
and the revenue from new service technologies, licensed patents and approved
products. Thus, by their very nature, diagnostic control systems are central to exploitation
behaviors in that they provide feedback, or after-the-event information, that is used to

adjust and improve the performance of existing processes.

45.2.3. Contextual Ambidexterity in Biotechnology Firms

In terms of exploration, our framework and data indicate that beliefs systems and
interactive systems work together to generate search and discovery that are relevant
and adaptable. Beliefs systems such as the mission statement, the recruitment process,
employee training, and the company rhetoric and symbols, are all used to focus and
guide employees to search for and create new competences and knowledge. In
combination, interactive systems such as technology road-mapping, market forecasting
and impact assessments are used to maintain or adjust the specific direction of this
exploration activity over time. For example, a respondent from Firm K described a
situation in which his biotechnology firm was unable to make sufficient progress towards
developing its sole technology for a specific therapeutic disorder, and thus was
struggling to attract further investment. With only a few months of funding remaining, the
company identified a completely different disease, with a much greater market value,
which could be treated using their core platform technology. The discovery of this
opportunity is credited to the Chief Scientific Officer “The fact is - his job was to
continuously search for, evaluate and share new technological opportunities with the
board and project teams. He was our interactive control system - charged with worrying

about our future.”
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Similarly, in terms of control orientation - the extent to which control is ex post
(after the event) or ex ante (before the event) in nature - our framework and data
suggest that beliefs systems and interactive systems work together to promote a feed-
forward control orientation. This follows the original thinking of Simons (1995a, p. 108)
who argued that interactive systems promote “reforecasting of future states based on
revised current information”; however, for this to occur, the projections must be focused
and appropriate to the needs of the organization. Thus, beliefs systems work with
interactive systems to ensure that information is sought and used in a way that promotes
prediction and change that are relevant to the organization. These systems are feed-
forward in nature because they help managers to anticipate or forecast events and
trends before they occur, allowing them to proactively redirect organizational values and
activities. For instance, one respondent reported “we know that the patents on our
products and our competitors’ products will expire someday, and even though we cannot
be certain what the impact will be when these expiries occur, we still monitor, forecast

and develop scenarios so that we are prepared for these events” (Firm |).

In terms of exploitation, our framework and data suggest this is attained by
boundary systems and diagnostic systems working in tandem. Boundary systems
moderate exploration behaviors, induced by beliefs systems and interactive systems, by
defining and restricting the search space and activities that can be undertaken (Simons,
1995a; Widener, 2007). They reign in employee freedoms to counter the autonomy and
inspiration that drive the exploration for new knowledge. Diagnostic systems also
counter exploration, by using relatively short-term efficiency measures to refine and
extend existing competencies. These systems typically focus on and require exploitation
related outcomes that are “positive, proximate and predictable” in nature (March, 1991,
p. 85). These combined effects of boundary systems and diagnostic systems were
exemplified by the statement that “we use boundary control in conjunction with our
project performance systems to examine and check that everything is going according to
plan. We don'’t like surprises and nor do our customers” (Firm E). This type of control
counters the instability, uncertainty and serendipity often associated with R&D

exploration.

In terms of control orientation, our framework and data suggest that boundary

and diagnostic systems in biotechnology firms jointly promote a feedback control
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orientation. Diagnostic systems are used to monitor, review and test, so as to ensure
things are on track in terms of “what” is being done. If they are not, then other control
systems and activities can be adjusted accordingly. Managers also use this after-the-
event information to motivate and reward the behaviors of individuals, teams, and
organizations. In contrast, boundary systems specify and check “how” things are done,
in accordance with pre-defined standards and regulations. These systems also provide
error-based feedback control, i.e., any deviation from specified practices leads to
corrective action and if these deviations persist, then stronger more influential boundary
systems are installed. For instance, one of the respondents from Firm M reported that “if
biotechnology firms experience one major incident or repeated minor incidents of
scientific misconduct, then this typically leads to a corrective action where guidelines and
checks for laboratory practice are tightened up.”

4.6. Implications and Future Research Opportunities

The central contribution of our paper is the development and illustration of an
R&D management control framework for attaining contextual ambidexterity in R&D
organizations. We now discuss several implications of the framework, of relevance to

both management practice and future empirical research.

First, our framework posits that there is a strong (though not exclusive)
relationship between individual R&D goals and the use of different types of control
system. An important implication of this is the need to empirically examine to what extent
the different R&D strategic goals influence the attention placed on different types of
control system. As the use of multiple control systems can require considerable
managerial attention, management should prioritize where to focus their attention and
resources (Widener, 2007; Marginson, 2002). Also, as different goals can have different
and sometimes conflicting implications for organizational behavior, the use of different
control systems could help to manage any potential conflicts presented by multiple
goals. This can be examined by surveying employees, to assess the extent to which
their R&D organization is guided by different goals and the number of people hours

associated with each type of control system (Chiesa and Frattini, 2007).
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Second, with our framework and illustrative data, we claim that beliefs and
interactive systems provide a feed-forward control orientation that generates or
enhances exploration; whereas boundary and diagnostic controls provide a feedback
control orientation that generates or enhances exploitation. While we consider this to be
true, all frameworks are simplified representations of reality (Box, 1979). Consequently,
we suggest that our framework provides a starting point for unpacking the complexities
of the control-behavior relationship. For example, it is not just the combination of control
systems used that matters, but also the substantive content of the controls- what is
dictated, discussed, projected, measured, monitored and evaluated. Thus, knowing that
an organization is using a certain type of control system provides a first-order level
insight into the control-behavior relationship. The next level is to understand the
effectiveness of the different rules, procedures, technologies and incentives that R&D

managers use in conjunction with each type of control system.

Third, researchers could explore how control systems could be used to attain low
or high levels of balanced ambidexterity (Cao, Gedajlovic and Zhang, 2009). Low
balanced ambidexterity is when a firm’s level of exploitation is significantly lower than
that of exploration, and vice versa; while high balanced ambidexterity is when a firm has
similar moderate levels of both exploration and exploitation. By emphasizing different
control system combinations, it could be possible for R&D managers to attain, at specific

periods in time, different mixes of this exploitation-exploration balance.

A fourth implication of our framework concerns the influence of other contingency
factors such as the size, age and life-cycle of the R&D organization, and its industry
conditions, on the use of different management control systems. Although the focus of
our paper was on understanding how different types of control system, guided by
different R&D strategic goals, can be used to induce contextual ambidexterity, the
illustrative empirical evidence we present hints at the role of these factors. For instance,
some organizations (e.g., Firms E, G and K) were relatively young and small, and
concerned with goals and controls that sought to build R&D capacity in a way that the
larger and more established firms were not (e.g., Firms B, H, | and M). Thus, the
framework we present could be modified by other researchers to explore how such

antecedents drive the use and outcomes of R&D control systems.
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A fifth implication of our framework concerns how R&D managers might use
control systems to “dynamically” shift, over time, the exploitation-exploration balance.
The balanced viewed of ambidexterity (March, 1991; Cao et al., 2009) is largely “static”
in nature, in that it refers to an optimal mix of exploitation and exploration at a point in
time. However, as discussed above, R&D control is driven and constrained by
environmental antecedents such as the size, age and life-cycle of the R&D organization,
as well as by changes in industry conditions such as demand, competitors, technologies,
products, and regulation. As each of these conditions has a distinct velocity (a rate and
direction of change (McCarthy et al., 2010)), - an optimum mix of exploitation-exploration
at one point in time is likely to become unsuitable as industry conditions change over
time. This makes the balancing of exploitation and exploration a dynamic problem. This
is tentatively supported by our data where respondents explained how the balance of
exploitation and exploration altered over time as a firm advanced through its life-cycle or
changed the focus of its R&D activities (see: Table 3, the R&D contextual ambidexterity
section). For instance, the respondent from Firm O explained how different beliefs and
interactive systems were required to shift the balance towards exploration so as to help
take the company in a new direction. The importance of this implication has been
highlighted by scholars who suggest that “given the dynamism of markets and
organizations, it is important to develop theories that combine static elements with more
dynamic perceptions of ambidexterity” (Raisch, Birkinshaw, Probst and Tushman, 2009,
p. 686). Thus, we suggest that our framework can be used to explore how R&D
managers use different control systems to dynamically shift the balance or mix between
exploitation and exploration over time. This follows what McCarthy, Tsinopoulos, Allen
and Rose-Anderssen (2006) call “capability toggling” and Thomas, Kaminska-Labbé and
McKelvey (2005) call “irregular oscillation”, where the balancing of exploitation-
exploration tensions is much like riding a bike - it requires a continuous and irregular

shifting of control system use over time.

4.7. Conclusion

In this paper, we introduced a framework that shows how four types of control
system, each guided by an R&D goal, combine to induce the behaviors, outcomes and

control orientations (feedback versus feed-forward) necessary for contextual
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ambidexterity. We illustrated these framework elements and their linkages, using data
from biotechnology firms, so as to clarify what these elements are and what they do.
While this helps to make the framework more useful and meaningful to scholars and
practitioners, this illustration might also suggest that R&D control is a straightforward
task. However, this is not the case. An inherent challenge to understanding and
practicing effective R&D management control is the fact that it is concerned with
controlling the production of knowledge, something that is inherently unobservable. As
knowledge increasingly redefines the wealth of nations, firms and individuals, the
challenges and benefits of effective R&D control will continue to capture the attention of
scholars and managers. Thus, we hope that our framework will motivate researchers to
further examine how broader forms of control, guided by R&D objectives and other
environmental factors, act as organizational levers for balancing different forms of

knowledge production over time.
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