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Abstract:
We examine the inseparability of capital formation and economic organization.  Capital possesses a complex, multi-level (micro, meso, macro) structure that is always in the process of transformation.  Levels of the capital structure are interdependent and interactive.  Correspondingly, economic organization at these various levels is not an independent entity in itself—it occurs as a by-product and structural aspect of capital formation.  Rather than the transaction, our focal unit of analysis is a production notion: the capital combination which emanates from the kinetic organization of material by entrepreneurs. We consider the behavior of entrepreneurs as causal agents in specifying and appraising potential capital combinations, remodularizing production and scrapping capital. Entrepreneurs’ combinatorial actions often change existing materials to serve functions for which they were not originally designed, thereby changing capital structures and the shape and boundaries of economic organizations.  Capital is created in a dynamic knowledge-generation process that depends on entrepreneurs’ perceptions of gaps in the capital structure.
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               “They were at least kinetic.  They wanted to make things happen”

(H. G. Wells, “The Holy Terror”, 1939)

1
INTRODUCTION

While the category “capital” has occupied a central place in the economic theory of production since Adam Smith, it has not featured prominently in the modern economics of organization.  Alfred Marshall may have been partly responsible for relegating capital to a cameo role in this regard given his celebrated inclusion of “organization” as a separate fourth factor of production along with land, labor and capital.  Ronald Coase (1937: 388) followed Marshall and did not envisage anything special about capital ​per se, or its counterpart “technology” that would inextricably bind it to, or make it consequential for, economic organization.  Capital for Coase was just another deployable “resource” along with labor, traded in markets and flexible on the margin in terms of its competing uses.  Coase’s entrepreneur directs and “makes the best use of the factors of production” (p.393), all of which are conceived for analytical convenience as amorphous and homogeneous.

Oliver Williamson’s (1975: 4, 17, passim) modern extension of the Coasian transaction-cost explanation of economic organization also relegates capital to a secondary, indeed passive role, seeing technology (presumably embodied in capital and capital structure) as “rarely decisive” and offering “no bar to contracting”.  To paraphrase Williamson, it is transactions rather than capital that present interesting problems of economic organization (p.253).  This view accepts the traditional division of factors of production into land, labor and capital although, according to Kenneth Boulding (1978: 173), that division is rooted squarely in the theory of exchange rather than the production economy, where the traditional factors “fit very awkwardly as heterogeneous and almost meaningless aggregates”. 
The generic neoclassical theory of production considers capital as a passive, organizationally inconsequential factor of production and leaves the now familiar problems of internal organization, coordination and governance completely opaque (Langlois and Foss 1999: 202-3).  The objective of this paper is to bring capital to the forefront of the economics of organization, though not capital conceived as just another deployable resource, asset, or capital in the neoclassical sense.  We use the phrase “the kinetics of capital formation” to describe the process of forming and re-forming heterogeneous capital at multiple levels of economic organization.  Economic organization is “kinetic” because continual adaptation and transformation by entrepreneurs infuse it with dynamism.  We show that this kinetic process has implications for the existence, boundaries, structure, maintenance and transformation of economic organizations, including the organization of the overall economy-wide industrial structure.   In taking our point of departure from Langlois and Foss (1999) who bring production and production costs back into the discussion of economic organization, we also see the “essence” of economic organization in “the domain of production” (Langlois 1995: 251).  Capital is fundamentally a production notion.  Our focus is more encompassing in that it concentrates on the place of capital in the analysis of economic organization at the micro, meso, and macro levels (e.g. the level of capital goods, capital combinations within the firm, the industry-level and the overall capital structure in the economy).  Capital combinations, capital regrouping and emergent properties of the capital structure at various levels are central to our appreciation of economic organization. 
We address two main lines of inquiry. The first examines intimate connections between entrepreneurial agency, capital structure and economic organization:
1. What are the causal roles of entrepreneurs in capital formation, on the one hand, and their causal roles in the creation of organizational structures and capital regrouping, reconfiguring, expanding and scrapping processes (i.e. “remodularization” Langlois, 2002: 33), on the other? 

The second line of inquiry pays attention to how capital structure relates to the morphology (i.e. “shape”) of units of economic organization, such as their boundaries and structure:

2(a). How does the kinetics of capital formation affect the nature of organizational boundaries? 

2(b). How do changes in capital structure considered as knowledge processes affect the way economic organizations are generated and transformed?

Rather than treating capital as an undifferentiated aggregate, we decompose capital concepts and increase their explanatory content.  Nikolai Foss et.al (2002, 2007), Foss and Ishikawa (2007) and Peter Lewin (2005, 2008) have demonstrated the importance of capital-goods heterogeneity for theories of entrepreneurship and organization.  However these contributions have not made the most of increasing the explanatory content forthcoming from appreciating the fundamental features of capital as a structured, multi-level phenomenon, and from identifying the relevant causal agents, sources and processes responsible for capital formation and changes in the capital structure.   For example, Foss et.al. (2002: 83 and 2007: 1179) take the fact of capital heterogeneity as given and then explore its implications for entrepreneurship and the firm.  Our position is that capital heterogeneity should not be treated as a datum—the deep underlying causes of capital heterogeneity have implications for economic organization.
 Our study surpasses previous approaches by considering how changes in capital structure relate to the processes that make and transform economic organizations. The “kinetics” of capital formation encompasses the deliberate design of capital configurations, spontaneous emergence of capital structures, and the maintenance, regrouping and disintegration (scrapping) of capital.  We use the phrase “systems or units of economic organization” in its broadest sense to cover the full spectrum of ways of organizing resource coordination and production: market exchange, firms, joint ventures, product bundling, relational contracting, trilateral governance and so on.  In addition, economic organization may occur in the absence of firms such as in the simple act of combining an array of resources to produce something, and it may also occur at levels of order much larger than that of individual firms, such as industry- and economy-wide levels.

The paper is organized as follows.  In the next section we address the structural theory of capital and contrast it with the mainstream theory widely applied in the conventional theory of production and major theories of economic organization.  Here we bring capital back into a central place in the study of production and identify the capital combination as the relevant unit of analysis in the study of economic organization.  We show that capital has structure and this structure is a transient stage in a continuous process of transformation.  Here we are essentially concerned with the making of economic organization.  In Section 3 we examine the causal role of entrepreneurs, their plans and knowledge in processes of capital formation and capital adjustment, and the associated remodularization of economic organization.  Here we bring entrepreneurship back into the discussion of capital formation and capital change more generally.  Taking the capital combination as a unit of analysis, section 4 continues the entrepreneurship theme by locating the making of economic organization in the kinetics of capital formation and entrepreneurial processes of remodularization that depend on ongoing knowledge generation and transmission.  Here we build on Langlois (2002) by highlighting the nature and cause of modularity in the theory of economic organization.  The final section underscores connections between knowledge processes, capital structure and various levels of economic organization and assesses the benefits from rehabilitating capital, and a particular dynamic and structural conception of it, in the analysis of economic organization.

2
BRINGING CAPITAL BACK INTO PRODUCTION AND ECONOMIC ORGANIZATION: CAPITAL AS A MULTI-LEVEL STRUCTURE
In this paper we understand capital to be very general and comprehensive.  Like Irving Fisher (1906) we reject the classical trilogy: land, labor and capital.  Capital includes any resource that yields a flow of services desired by human beings over time.  Capital is taken to include land, natural resources, intermediate goods, human beings (their minds, capabilities) etc.  As for the nature and structure of capital, recent work has developed a systems approach to capital as a multi-level, heterogeneous phenomenon (Harper and Endres 2010).  
Figure 1: Comparison of Structural Capital with Neoclassical Capital
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Figure 1 contrasts the concept of capital as a multi-layered structure with the more familiar neoclassical notion of capital as a homogeneous, amorphous substance.
   Multi-level structural capital used in production is consequential for economic organization.   At the macro-level, structured capital presents as a myriad of capital combinations. Those combinations are composed of two or more capital goods bonded together by entrepreneurial creative intelligence.  We do not treat capital goods as isolated, unconnected and ultimately abstract, nonmaterial entities. Capital goods cannot exist independently and retain their property of being capital.  If a capital good is not combined with other capital goods and fitted into a production plan, it loses its capital-character and ceases to be capital; it soon becomes scrap material even though it might continue to exist as a durable concrete object (Lachmann 1956).

The “firm” is not micro enough for our study because it does not identify the initiating, combinatorial acts that set in motion and give direction to changes in economic organization.  The “firm” is not sufficiently fine grained to capture the behavior of entrepreneurs as they form observable capital combinations at the focal level.  At the same time, the “firm” is not macro enough because it does not take account of market and industry adjustment and the overall capital structure.  To ignore the overall (i.e. economy-wide) capital structure of production is to leave the theory of economic organization explanatorily incomplete.

According to Mario Bunge (1977:123), any kind of system must be analyzed both downwards (in terms of its subsystems) and upwards (in terms of higher level systems and its environment).  Hence, a complete explanation of capital and economic organization requires studying three layers of continuous economic interaction: the lower level of capital goods, the focal level of capital combinations and the upper level of overall capital structure.  In order to explain the kinetics of capital formation, we therefore need to:

1. Examine capital at the level where we actually observe it—the focal level of capital combinations.  
2. Investigate the relations of capital combinations to the entities at the next lower level—namely the capital goods that can potentially be linked together by entrepreneurs.

3. Take into account the overall capital structure (at the firm-, industry- or economy-wide level) in which capital combinations observed at the focal level are embedded.

A capital combination is the smallest unit into which a capital structure can be divided.  Combinations are the crucial building blocks for the formation of capital structure; they play a major role in entrepreneurs’ production plans.  The most significant unit of analysis for examining connections between capital and organization is the capital combination, not the transaction or the firm or some other nexus of contracts.   
Capital is not a structureless blob, therefore it must have organizational consequences.  The quantity of capital used by an organization is not a determinate magnitude that maintains its quantity while altering its form as the use of capital changes. The kinetics of capital formation always implies a qualitative change in economic organization and a material change in the structure of capital employed. 
Finally, capital cannot meaningfully be understood as a stock, a set of assets or a quantum of financial resources.  It has been common practice in the economic theory of the firm variously to treat capital in this way.   A notable feature of this practice is to regard capital as an amorphous mass and usually as a passive financial quantum (e.g., Holmström and Tirole 1989).
  By contrast, our capital-theoretic perspective begins by appreciating capital as a system. According to Bunge (1966: 270): a stock or “set has a fixed membership: once a member, always a member; whereas the composition of a concrete system may change over time”.
   Accepting these general implications we turn next to exploring the role of human agency responsible for giving capital (thence economic organization) its essential structure.

3    ENTREPRENEURS AS CAUSAL AGENTS OF CAPITAL FORMATION AND ORGANIZATION

Explicit discussion of causal processes is a vital part of our explanation of the role that capital plays in economic organization.  So far we have established that economic organizations are capital-bearing; they occur as a result of the kinetics of capital formation in which capital-goods combinations are the focal point.  The actions of individuals are causally connected to the formation of capital at the micro-level.  Capital is a causal product and process of individual action.

The principal causal connections deserve elaboration. The first, most immediate cause of capital formation and organization emanates from the purposeful entrepreneur whose plans and subsequent actions are responsible for combining capital goods.  The second major causal connection is located ultimately in the originating, sometimes latent, heterogeneous demands of end-users and consumers of the products of capital.   Those demands are transmitted, however imperfectly, to capital-forming, forward-looking entrepreneurs through market signals.  Taken together, these causes have the effect of producing a micro, meso and macro capital structure. 
3.1 Capital Formation as the Imposition of Organization on the Material World
In this section we attend to the entrepreneur as a causal agent who plans and executes production and thence also develops and implements an organizational vision.  We presuppose that the economic organization originates and owes its continuing existence to entrepreneurship (Langlois 2007b: 1108; Foss et.al. 2007).   Entrepreneurship is fundamentally different from other resources: it is not a stock or set of capabilities that can be deployed on the margin in a production process. 

At the highest level of generality an economic organization is an open, complex adaptive system that imports energy, information and materials.   Moreover, an organization is generated by a ‘cognitive frame’ or ‘vision’ in the mind of a creative entrepreneur (Witt 2000, 2007).   Furthermore, we are interested in how entrepreneurs develop ideas into organizations and we ask how an organization is instantiated by the concretization of production modules, of capital-goods combinations that by their very nature have particular boundaries.

Capital formation is not only a product and process of “knowledge imposed on the material world” (Boulding 1966: 5).   In fact, such knowledge is continuously applied to the material world so that capital then becomes akin to the kinetic organization of matter.  Knowledge “captures energy to select, transport and transform materials into things” (Boulding 1978: 225).  These transformations may have physical, spatial and temporal dimensions (Metcalfe 2010: 162).   Consequently, at the most abstract level, economic organizations are knowledge-bearing.  Actual capital is a manifestation of that knowledge.  Capital and the associated heterogeneous organization of production appear because of pre-existing structural images of production and exchange and ongoing re-structuring of those cognitive frames as “imposed” by entrepreneurs.  Thus, such images may have a “replacement function” insofar as they may be reproductions or repetitions of an existing production structure like “printing” from an original template.  Otherwise the images may be developmental and involve “organizing” (Boulding 1966).  The creation of all capital requires pre-existing economic organization at all levels—micro, meso and macro.
 Considered in this context, entrepreneurs have two distinct sets of capacities to “cause” capital formation.  First, they may reproduce an existing capital structure (Boulding’s “printing” process).  These are more or less mechanical capacities that take what exists as given in the current period.   Second, to the extent that they create genuinely novel combinations under the influence of an existing structure (Boulding’s “organizing” process), they transform organizational structure. These capacities are interpretative and not pre-determined by current data. While pre-existing structures of economic organization make a difference to entrepreneurial action they are dependent on current entrepreneurial agency for their continued existence.
3.2  Entrepreneurial Planning: Specifying and Appraising
The entrepreneur designs, implements and revises plans. In this section we are interested in the nature of those planning activities that create capital.  Capital and the associated organization of production are plan-dependent.  Since capital as used in production takes time, planning is intertemporal.  A forward-looking act of appraisal must be undertaken when organizing capital goods. Different expectations lead to heterogeneous capital combinations.  The anticipated service streams of capital goods that constitute capital are what matters to entrepreneurs rather than the heterogeneous physical qualities of the goods themselves. Entrepreneurial acts create and simultaneously solve problems of economic organization.  Entrepreneurs face a pre-existing capital and organizational structure.  Furthermore, even if entrepreneurs begin by using seemingly homogeneous, basic materials, the specific mode of use of capital goods and their functional differentiation will be the result of expectations contained in intertemporal production plans.  Economic organization at various levels of order is a precondition for, and a consequence of, entrepreneurially engendered acts of capital formation.  In other words, organization at the micro level of the firm (hierarchies, incentive arrangements, routines), organization at the meso level (various industry rules, alliances, and customer-supplier arrangements and so forth) and at the macro-level (property rights, price signals, information on consumer wants signaling possible gaps in the existing capital structure) are all both cause and effect of capital formation activities.
As entrepreneurs specify combinations of capital goods, a structured scheme of micro-, meso-, macro- connections emerges from those acts.  Specifying is an organizing process.  In an unchanging, homogeneous environment there is no scope for entrepreneurs to engage in specifying activities. In such a world “the entrepreneurial act would be trivial” (Foss et.al. 2007: 1179). Entrepreneurial specifying activities are fundamental to the organization of production; they presuppose entrepreneurial visions in which capital goods are identified, ordered and matched in particular ways. Every unique act of capital-goods specifying is a reflection of dispersed knowledge of both production possibilities and the uncertain, anticipated requirements of end-users for the outputs.  Specifying cannot take place without entrepreneurial appraisals of economic value and the latter obviously includes detailed economic calculation in a market economy.  While appraising is a forward-looking calculation, specifying is forward-matching in that it involves combining capital goods in the present to deliver outputs demanded by end-users in the future.  Moreover, entrepreneurs match patterns of capital-goods combinations for their organizations in the expectation that their plans will be fitting into, or coordinated with, a larger pattern-making frame produced by the joint actions of other entrepreneurs.
Every act of specifying and appraising capital combinations determines the boundaries of an economic organization at the micro level.  Thus, as agents of capital formation, entrepreneurs face what Langlois and Foss (1999:230) refer to as a “qualitative coordination” problem: how profitably to link and dovetail their production plans with the plans of others.  In this real-time production activity they must continually appraise dynamic transaction and information costs in the face of change (Langlois 1992: 113 and 2007a: 12).  In general they need to consider whether or not to integrate their production systems, how to coordinate their capital-making plans with others given their own appraisals of ongoing governance costs, costs of redeploying human capital, costs of negotiating with and edifying suppliers (if they decide to buy rather than make), and the information costs of finding suitable suppliers in the first place.
Our capital-theoretic perspective fully accords with Langlois’s (1992:124) claim that asset-specificity is neither necessary nor sufficient for dynamic transaction costs to give rise to the integration of production.  The kinetics of capital formation reminds us that the term “specified multi-level capital combinations” is preferable to Williamson’s well-known term “asset specificity” because the former more accurately represents the kind of real-time problems of “specifying” and “appraising” that entrepreneurs must solve on a continuous basis.  Moreover, the former underscores asset diversity and its dependence on entrepreneurial agency at different levels of economic organization—the creation of a myriad of transient relationships between capital combinations at firm and industry levels. The transaction costs of continuously coordinating asset diversity stand in contrast to the one-off transaction costs that have to be aligned in a discriminating way to the governance of dedicated assets in a specific enterprise.  As we shall explain in section 4 below, the coordination of asset diversity on multiple levels of economic organization, is a complex, emergent process of entrepreneurial selection and self-organization.
3.3 Joint Effects of Forward-Looking and Forward-Matching Activities

Entrepreneurs create and continuously recreate complementary combinations of capital goods by regrouping existing capital goods. The same capital good in a physical sense may have multiple uses in production.   Resources have to be allocated to execute a production process, and while this is a more technical, engineering role, it is nevertheless entrepreneurial because subtle variations in, and experimentation with, the original organizational structure may be possible.   In all of the above actions, the creation of capital is creatively constructive; it is knowledge-generating even if some plans or decisions fail, if a combinatorial plan is rendered unprofitable by the actions of a competing entrepreneur, and if some capital goods are scrapped.   Capital formation requires more than purely mental discovery of a profit opportunity—it requires assembling externally existent functional systems that transform resources into future outputs. As entrepreneurs respond to perceived profit opportunities, they modify inputs and outputs that in turn require adjustment to the capital combinations already employed.  For example, in order to seize the profit opportunities from higher prices for fish, there will be an incentive to buy larger vessels with complementary equipment (engines, nets and so on) and sell or lease out existing boats and equipment in the second-hand or lease market for current capital goods (Lachmann 1986: 65). The kinetics of capital formation comes into play at this juncture: entrepreneurs continuously form capital combinations, dissolve existing combinations, turn existing capital goods to other uses and form completely new capital combinations.  As they regroup capital goods, entrepreneurs expand into new economic space, disturb the existing network of structural relations between capital resources at the meso level and thereby change the overall macro-capital structure of the economy. 
The kinetics of capital formation not only involves forward calculation and evaluation (à la Frank Knight 1921); it also implies judgment about how and what to produce given knowledge, expectations and the actions of other entrepreneurs.  Forward-matching activity is a necessary component of all behavior that creates capital.  Mark Casson’s (2005: 331, 333) term “judgemental-decision making” best captures the behavioral style of forward-looking and forward-matching.  However, this behavioral description masks certain implications for economic organization.  The ongoing appearance and re-appearance of heterogeneous economic organizations structured around capital formation and the increasing complexity of capital imply that entrepreneurs are not simply endowed with a given, heterogeneous and finite pool of resources (à la Edith Penrose 1959).  Capital in its concrete form reflects an entrepreneurial specification, a choice in other words, dependent on a plan or image of production.  Such planning is done in the light of lower-level capital structures that signal possibilities to create capital combinations and supervening capital structures at the higher meso and macro levels that continuously impinge on decision making.
3.4 Exaptive Behavior and Knowledge Generation

The use of a resource at the micro level does not objectively inhere in that resource; it is not fully determined by a rigid, static form of economic organization at either the meso or macro levels.   Resources may be connected with a new domain of use by reconfiguring capital combinations.  Entrepreneurial behavior that uses something to serve a function for which it was not originally selected or intended is “exaptive” rather than adaptive (Dew et.al. 2004 and 2008: 53-55).  The modern, largely empirical literature on the “effectual entrepreneur” emphasizing exaptive behavior (Sarasvathy 2001) is quite consistent with our idea of organization-making without rigid, preconceived goals.  Entrepreneurs’ goals at the micro level emerge in the process of fabricating capital combinations.  By means-driven actions, entrepreneurs improvise; they frame problems of production in a manner that creates new opportunities (new “effects”).  Entrepreneurs “effectuate” by creating new productive ends; they “stitch together” various means they have at hand or, in other words, they form capital (Dew et.al. 2009).  This effectual approach posits entrepreneurs who act by transforming resources for purposes other than those for which they were originally designed.  Consistent with our view, the effectual approach makes economic organization a by-product of entrepreneurs’ exaptive, capital-creating behavior, rather than vice versa.  However, our approach remedies an important omission in the effectuation literature: entrepreneurs’ means should include their updated knowledge of gaps in the capital structure that they are continuously trying to fill.

Entrepreneurs are a source of change, are creatively constructive, otherwise they would not be causal “organizing” agents at all.  Capital-creating plans are not just static repositories of knowledge about production combinations.  “Specifying” generally follows the broad outlines of “organizing” with the details then added serially.  Thus, economic organization is not the end result of finding an optimal organizational solution, once-and-for all, for a well-defined problem. Rather, entrepreneurial organization-making entails coping with ill-structured problems, undergoing continuous adaptation to external circumstances, and facing an open-ended series of knowledge-generating problems rather than a single optimization problem.  Accordingly, the type of entrepreneurs creating such organizations will generally be like Popperian scientists testing conjectures in various markets (Harper 1996).  As such they will tend to experiment with changing rather than fixed constructs; be responsive to incoherence in the existing capital structure evident in the external environment and try to redress it with concrete capital-goods combinations; and their capital goods–matching behavior will resemble a scientific hypothesis which sets parameters and rules out some possibilities.  New capital combinations and organizational structures emerging in the kinetics of capital formation are conjectures whose potentialities are tested by the environments (e.g. against other entrepreneurs’ plans) in which they are applied.  Unsuccessful capital combinations and unworkable organizational structures are refuted by such testing, while the successful combinations are replicated through imitation and communication and thereby proliferate.  Knowledge is continually generated in anything other than a world of seamless organizational coherence.  Consequently, as they create and specify capital, entrepreneurs will acquire knowledge endogenously from feedback in the market.
   Therefore, capital creation forms organizations that are knowledge-bearing processes.  Entrepreneurial acts of specifying and appraising are knowledge-based and are mental processes from the outset—they make definite connections between otherwise arbitrarily arranged resources.  Moreover, it is the growth of entrepreneurial knowledge that is ultimately responsible for explaining both heterogeneous organizations and changing organizational boundaries.
  (We expand on the links between capital and knowledge processes in section 4 below.)
4 REMODULARIZATION PROCESSES AND KNOWLEDGE GENERATION
4.1 Modularity, Capital Combinations and Knowledge

What differences do the introduction of heterogeneous capital combinations and an understanding of multi-level capital structures make to what has been called the “modularity theory” of economic organization (Langlois 2002; Garud et. al. 2003)?  In addressing this question we expand on the fourth column of Table 1 which incorporates insights from our foregoing discussion. In Table 1, neoclassical and modularity theories are considered typical noncontractarian approaches that treat capital in different ways.  Among the noncontractarian theories impounded for heuristic purposes in the typical “modularity” category (because they are essentially complementary) are knowledge-based theory, resource-based theory and dynamic capability theory.  The important contractarian theories included in the third column for similar reasons are transaction costs theory, property rights theory, agency theory and public choice theory. (Cf. Williamson 1990 for a similar categorization of contractarian approaches).  In principle, across various key analytical dimensions, a focus on the kinetics of capital formation sharpens differences between modularity theory and other typical treatments of economic organization.
The “modularity theory” of organization and the firm takes a “perfectly atomistic” form of modularization and compares it with other organizations of production that are less than perfectly atomistic (Langlois 2002: 29, 31 following Simon 1962).  Atomistic modules are basic combinations of things that the individual with some capability acts to implement.   They may, for instance, create capital simply by “wielding tools and trading [outputs] in anonymous markets” (Langlois 2002: 31).  
Any particular combination of capital goods, as we discussed in Section 2 above, would constitute a (near) decomposable “module”.
 

Table 1:Capital and Economic Organization: A Comparison of Three Typical Approaches
	Dimension


	Neoclassical

(e.g. Holmström & Tirole 1989)
	Contractarian

(e.g. Williamson 1975, 1985)
	Modularity Theory

(e.g.  Langlois 2002)



	Unit of Analysis


	Independent inputs
	Joint inputs
	Capital combination

	Nature of Capital


	Homogeneous input
	Heterogeneous resources


	Heterogeneous combinations

	Structural Properties


	Non-specific physical form; perfectly divisible, deployable unit

	Asset specific; multiple uses, sometimes a deployable unit
	Complex system of complementary, multi-level combinations

	Technology
	Given; exogenously determined
	Uniform over different governance structures
	Structured capital; endogenously generated remodularization

	Causal Agents


	Automaton manager, adapting capital inputs to parametric price changes
	Manager, adapting asset specificities to transaction cost environment
	Creative entrepreneur, adapting capital (imitating) or exploiting exaptive combinations (novelty creation)


	Organizing Principle
	Efficient allocation: equalize marginal rate of transformation with ratio of input prices

	Efficient team production; transaction-cost minimizing efficiency
	Remodularization of production in response to expected profits from gaps in capital structure

	Formation Problem


	None: perfect information about capital productivity; production function is ready-made coordinator of inputs


	Governing decision rights & residual claims; controlling information & transaction costs
	Guiding energy to select, transform, & rearrange materials in changing environment 

	Determinants of Organizational Boundaries


	Technical coefficients of production
	Static transaction costs of make-or-buy decision
	Dynamic transaction & information costs of make-or-buy decision

	Conception of Overall Capital Structure 


	Stock of all capital inputs used in industry/economy
	Aggregate of planned, integrated “lumpy” assets


	Emergent, interacting horizontal & vertical capital orders


These simple combinations would not present us with a significant organizational problem.  They would encapsulate specific knowledge structures that they bear.  Yet anything other than a perfectly atomistic, modular combination would imply considerable interdependence and coordination—it would entail “non-price-mediated interactions among different modules, whatever they may be” (Marengo et.al. 2003:390).   Positive transaction and information costs are then incurred.  It is now axiomatic that non-modular structures remove key characteristics of individual transactions—frequency, uncertainty and asset specificity—from market trade and subject them to hierarchical governance (Williamson 1985). In the contractarian approach, transaction costs (of internal governance and of markets) may be encapsulated and economized upon, in a non-modular organizational form of the kind observed when perfectly atomistic modules give way to a business firm and when capital combinations are remodularized.  Indeed, economic organizations of significance involve nonmodular structures in which decision rights and residual claims to income may not be held by the same parties (Langlois 2002:20).  Accordingly, the central pillars of economic organization in general, beyond the simple atomistic kind, turn on partitioning rights to the components (or building blocks), along with the associated controls, claims and incomes, of an organization’s capital.
Our capital-theoretic perspective permits a broader view of organizational boundaries than is implied by typical neoclassical and contractarian theories set out in Table 1.  In general, boundaries demarcate an organization and its environment.  Following Coase and Williamson, for example, boundaries are often defined and explained in terms of static efficiency considerations, that is, a locus encapsulating transactions without reference to knowledge, learning or capabilties.
   The architecture of economic organizations considered from the standpoint of the main pillar of actual production – the capital combination – is best viewed as a complex system of relationships, transmitting knowledge and incentives from one entrepreneur or groups of entrepreneurs to another.   Differential knowledge translates into diverse capital combinations.  The boundaries of any resulting economic organization must, in addition to the transaction, be determined by knowledge. Organizational boundaries should be seen as a locus encapsulating knowledge of capital combinations. Other approaches comprising the broad “modularity’ category in Table 1 (column 4) also underscore knowledge as a boundary determinant.  For example, in Teece’s (2009:79) strategic management framework entrepreneurs’ “dynamic capabilities” (which incorporate knowledge and ability) are applied in achieving new combinations of “complementary and cospecialized assets”. Dynamic capabilities are an organizational resource used in “asset orchestration”; they create nonimitable, idiosyncratic synergies and bring about continuous renewal of organizational boundaries at the level of the firm.
4.2 Capital Formation: A Self-Organizing and Selective Process
With the capital combination as our unit of analysis, let us consider how knowledge in economic organization is at once part of an open-ended process and a system with a hierarchical structure. (See Figure 2 below).   The capital structure is created in a process of entrepreneurial self-organization and selection. Capital combinations (regrouping. scrapping etc) emerge from the interaction between processes taking place at lower and higher levels of economic organization.  The interaction may be likened to a continuous, interactive feedback process between various levels of the capital-structure hierarchy—levels that always remain open to some extent.  This process involves endogenous qualitative changes since capital formation traverses the boundaries between different levels.  Any act of capital formation at the micro-level must confront similar acts by other entrepreneurs in the market process, jostle for position in the existing meso-structure and also, ultimately, play a role in the overall macro-capital structure.  Discontinuities are thereby created within the system, signaled by disequilibrium prices (for inputs and outputs), suggesting gaps in the structure and calling forth further remodularizations.  In other words, traversing the levels in the first column of Figure 2 involves the creation of opportunities for further entrepreneurial acts of capital formation.  In this self-organizing and often self-diversifying process, the capital structure takes on a hierarchical shape and it gains stability and coherence.  This is one reason why, particularly at the macro level in a market economy, the structure of capital resembles a spontaneous order.
The schema in Figure 2 shows that capital combinations and associated remodularizations of economic organization are partly determined by the lower level of capital goods and the higher level of overall capital structure (at the enterprise-, industry- or economy-wide levels).  That is, both the lower and higher levels constrain the dynamics of combinatorial capital-formation processes at the focal level of economic organization (the capital combination).  Precisely what capital combinations and associated organizational forms actually emerge will be influenced by the conditions imposed by adjacent higher and lower levels.  To explain the formation of capital combinations, we need to understand processes of market adjustment linking entrepreneurs’ combinatorial plans, that is, their specifying and appraising activities.  Entrepreneurial planning is part of a selection process that complements processes of self-organization. In an evolutionary sense “generative selection” (Hodgson and Knudsen 2006: 484) is present at multiple levels in the capital structure.  Capital combinations occur in repeated cycles of remodularization in which emergent varieties of capital are generated.  While replications are often attempted, they are generally imperfect; only similarities occur (e.g. in the application of knowledge in the form of human capital goods to identical physical capital goods at the enterprise or firm level).  Continual interaction between levels in the capital structure generates qualitative change—differential replication and novelty.  
Figure 2    Schema: A Capital Structure Hierarchy
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The overall macro-capital structure and the meso-level, interfirm structure present constraints on the possible capital-combinatorial processes available to entrepreneurs attempting to dovetail their combinations at lower levels which in turn make use of, and bring together, capital goods from the micro-level.  For instance, an event in the macro-level environment such as an inflationary monetary policy can produce garbled, distorted relative price signals inducing entrepreneurs to form capital combinations that are later discovered to be malinvestments.    Past price signals are a necessary but not a sufficient condition for capital formation at all levels.   Prices are only a starting point since future prices for capital goods and for the outputs of capital combinations cannot be deduced with certainty though they may be speculatively anticipated.  The future constellation of capital combinations at the meso-level, for instance, cannot be fully known in advance.  At the focal level in Figure 2 entrepreneurs are pivotal causal agents of the capital structure in that they appraise capital goods and create capital combinations with the help of monetary calculation; they are stimulated by price discovery, and they are induced to act by understanding the causes of price dispersions, on knowledge of real variables that affect money prices, relevant knowledge of other market data such as latent, unfulfilled consumer requirements and so on.

The environment represented by the macro-capital structure establishes boundaries that constrain the dynamics of capital combinations at both meso and focal levels.  For example, the New Zealand economy possesses, among other industries, a large meso-level agricultural-capital structure; it exhibits capital combinations at lower levels that are tokens of particular types, dominated by enterprises specializing in agricultural services, production of advanced food derivatives, pastoral systems technology, and biotechnology.  Synergies between these types of capital are created and reinforced by the macro environment. 
The elements at the sub micro-level offer many possible permutations or initiating conditions for the emergence into a more organized state of both capital goods at the micro-level and capital combinations at the focal level.  Conversely, for instance, a human capital combination at the focal level can create new knowledge at the micro-level that is subsequently used to produce new capital goods and expands the range of possible capital combinations chosen.  Alternatively, capital combinations at the micro-level may seriously deplete materials available at the lower level (such as nonrenewable resources) and thus reduce the range of future possible combinations. 
At the focal level, capital goods undergo economically significant qualitative changes when entrepreneurs use capital goods in novel combinations. Radically novel combinations may not blend immediately into the overall meso or macro structures which change more slowly; they may be progressively interpolated in those structures.  For example, an existing meso electricity-generation infrastructure characterized by high carbon emissions may be confronted at the micro level by novel capital combinations that explore previously unutilized knowledge of geothermal opportunities with minimal emissions.   The “hot dry rocks” (HDR) technology is a case in point.  Heat mining technology is being applied to extract and utilize vast thermal energy from deep underground areas.  HDR are present everywhere (Tenzer 2001; MIT 2006: 1-4).  The insertion of such novel capital combinations, that is commercial power plants based on HDR, will affect the meso-level structure.  The new source of energy supply will create new interactions between the levels identified in Figure 2 and slowly influence the future configuration of capital at those levels.  The conditions at the upper levels may not change radically until the new combinations employing HDR technology have been proven and satisfied the market test.  Then, the meso-level, energy infrastructure industry would change in the first instance following a major reappraisal of conventional methods of electricity generation.  These examples indicate that the levels in Figure 2 are partially open; they are distinctive and simultaneously interactive and they stand in reciprocal relation to each other.  In short, Figure 2 shows that the emergence of capital structure hierarchies is a bi-directional process. 
4.3 Remodularization as a Problem of Knowledge

In our view of the theory of economic organization as depicted in Figure 2, each organizational level performs a structuring role by providing elements for the next higher level.  Each level is also a selective environment and a source of information that constrains processes at the lower levels.  Higher levels provide a knowledge- generating milieu for lower levels.  Systems are not as “sealed units” (modular black boxes) but are complex recurring and emerging entities made up of interacting elements (Bunge 2003:29). The hierarchical system in Figure 2 is not a natural “aggregational entity” (Pettersson 1996:1).   Figure 2 shifts our attention from discretely bounded entities to relationships within and between levels.    Accordingly, we need to distinguish capital systems from mere aggregates.  A capital structure hierarchy is a highly complex, integrated system.  It is also an emergent system. The  basic elements at the sub-micro-level that enter into a combinatorial process of system emergence, qualitatively change their nature/properties (sometimes dramatically) as a result of the combination, so that they are precursors rather than mere parts of the whole.  By implication, the formation of systems requires more energy, and other specific initial, basic elements.  And in this formation process, knowledge requisites at the sub-micro-level cannot be conceived as a stock or as given data. 

Knowledge of a system’s assembly process is required to explain the disintegration of the system, because there is only one general process by which a capital structure hierarchy breaks down: the weakening and undoing of internal connections that bound the system together.  Systems may break down from conflicting relations between their parts or between these parts and the external environment.  For instance, breakdown can occur when entrepreneurs’ combinatorial plans conflict in a destructive manner.  Business ventures fail, bankruptcies occur and capital goods are sold or scrapped.   The financial capital structure at the meso-level may breakdown as a result of an external event thereby creating dislocation and perhaps even catastrophic changes at other levels of the capital structure. 

In Figure 2 knowledge acts as a bonding element that creates cohesion and connection; it can be like glue and as such creates clusters of capital combinations and organizational hierarchies. Therefore, in “a fundamental sense, knowledge and organization are identical” (Langlois 1983: 595).  There is no such thing as disembodied knowledge in economic organization.  Indeed, every knowledge process (or flow of information) relies upon and is constituted by some concrete process.   As we saw earlier, in the economic realm capital is the kinetic organization of matter.   Production and capital formation always entail the operation of some kind of knowledge structure (e.g. an entrepreneurial plan at the focal level) which has the ability to direct energy toward the selection, transportation and physical, spatial and temporal transformation of materials into appropriate forms (Boulding 1978; Metcalfe 2010).
At the most abstract level, knowledge is a structure of connections rather than a stockpile of information—a structure which is complex, and loosely bound in varying degrees of strength (Boulding 1956: 103-4; Potts 2000: 57-60).  The set of elements and connections that make up knowledge change as knowledge grows in the capital-formation process.  As a knowledge process, changes in the macro-capital structure involve change in the number of tokens of existing types of capital combinations (i.e. the frequency of actualizations of specific combinations) and as change in the connections between capital goods (i.e. the creation of new types of capital combinations).  The first change entails diffusion of knowledge of combinations through imitation and communication (i.e. the replication existing old knowledge in new minds), whereas the second involves structural growth of economic knowledge—new types of capital combinations (i.e. the production of socially new knowledge that no one has had before).  Both changes imply that most modularization is remodularization because entrepreneurs rarely start from scratch and their combinatory behavior is not so easy to imitate.  While imitation is often attempted, it is unusual to find perfect entrepreneurial adaptation ex nihilo: indeed it is exaptation that converts existing capital goods to new uses or functions.

4.4 Technology is Structured Capital
In a seminal examination of the underpinnings and scope of modularity, Langlois (2002: 32) conceives of organization in a broad manner as

a nonmodular response to the fact of, or the need for, interaction among the modules.  Organization is always a…repartitioning that severs the rights of alienation from at least some of the rights of decision.  And, in all cases, the technology of production both causes and shapes the resulting nonmodular interconnections.

Thus far we have considered the focal level of modularization—the capital combination—as the outcome of planned, complementary relations between capital goods.  We have established that the causes of nonmodularity and remodularization are entrepreneurial specifications, not technology as such.  A common complaint about contractarian theories of economic organization is that they take technology as given rather than being strongly influenced by some organizational structure. (See Table 1 and Marengo and Dosi 2005: 305).  Be that as it may, existing modularity theories of economic organization rely too heavily on the idea that technology is an exogenously variable, objectively given stock.  The reification of technology is apparent in Carliss Baldwin’s (2007) modularity theory of organizational boundaries.  His main prediction that the location of transactions changes with changes in technology, knowledge and strategy, is acceptable so far as it goes, although the separation of knowledge and strategy from technology is rather stylized.
  The clear implication, contrary to our perspective, is that technology exists “out there” in capital goods as a given productive power or potentiality.  In Baldwin’s account it is as if technology is given either by a “stock” of knowledge or capabilities, or by a “body” of problem-solving repertoires, and as if associated organizations were mere repositories of frozen knowledge.

Technology is better described as structured capital, the specific mode of use of capital goods and the outcome of entrepreneurial appraisals and specifications.   Technological change is a remodularization of those goods and is a result of predominantly exaptive behavior. Technology is not logically prior to entrepreneurs’ knowledge-generation—the originating cause of economic organization at various levels.  Capital in this sense embodies knowledge of how and what to produce (and therefore how to remodularize) in particular circumstances of time and place.   Consider the classic “hold-up” problem (Klein et. al. 1978).  The problem, as normally conceived, is concerned with relationship-specific investments and concurrent transactional problems with incomplete contracting.  Production technology seems to have no decisive role.  Here, following Brian Arthur (2009), we understand technology broadly to indicate the use of means to achieve a specific purpose such as a fresh combination of capital goods to serve a profit-making objective.   In our view the hold-up problem involves a structuring of capital out of what already exists, that is made exclusively to supply another single party and is a unique specification made in the expectation of profiting from a perceived gap in the capital structure.  Similarly, decisions vertically to integrate production in order to avoid the hold-up problem are forward-looking, knowledge-based and knowledge-revealing (e.g. about previously unknown dynamic cost and revenue synergies).   Such decisions are not based exclusively on forming governance structures that economize on one-off transaction costs.  
Doubtless, the essence of capital and organization is nonmodularity. Yet the theory of nature and causes of nonmodularity is incomplete (Langlois 2002:35).  When multi-level capital comes on to the scene, we can shed new light on this matter.  First, modularization is always a matter of degree dependent on knowledge, time and circumstances.  Second, nonmodularity appears as a product of entrepreneurship, with interconnections between intra- organizational and inter-organizational capital structures at the micro, meso and macro levels.  Third, modularization is a process in which organization presents as remodularization when capital regrouping occurs. Changes in capital structure always imply remodularization of production processes—changes in: how to be modular; encapsulation boundaries; system decompositions of a set of production activities; and in both connections between modules and levels of economic organization.  The kinetics of capital formation, capital replacement, malinvestment and scrapping, involve changes in the structure of production (and knowledge) from what it might have otherwise been.
5
SUMMARY AND CONCLUSION
Concluding propositions
Our objective in this paper has not been to offer an all-encompassing theory of economic organization or to replace existing theories. Such theories have already proliferated in the literature of economics, organization science and management science; some are more serviceable than others for different purposes.  We restricted our contribution to elaborating the implications of the formation of multi- level capital for economic organization.

One fundamental problem in the economics of organization turns on the economically significant forces that determine the creation of organizations and setting of their boundaries.  The forces of production have been examined in this paper with special reference to capital formation.  Heterogeneous capital deserves its resurgence of attention in recent literature.  Yet scant attention has thus far been accorded to the meaning of capital and capital structure and their implications for economic organization.  We maintained at the outset that it is not very meaningful to treat production in the market economy as depending on an aggregate stock or quantum of capital.  Correspondingly, the making of economic organization is not to be located mainly in one-time acts either that remove a circumscribed set of individual transactions from the market or acts that apply a given stock of organizational knowledge to a particular production problem.

We established that capital is formed as a multi-level, complex structure.  Capital is fundamentally the kinetic organization of materials—it is always still-in-motion and constantly in the process of being formed and adjusted.  Just as capital structures occur at different levels and are dynamic entities, associated economic organization occurs in different forms, at different levels and is also dynamic.  Therefore, we offer two canonical propositions: (i) capital formation and organization-making are inseparable and (ii) capital and economic organization do not exist as static entities but occur as dynamic phenomena at different levels.  When we inquire into the formation and transformation of capital we are also studying the morphology and transformation of organizations, their changing shapes, structures and boundaries.
In our analysis the capital combination is the focal level of capital formation, and simultaneously the unit of analysis for economic organization.  There are continuously changing relationships between upper and lower levels of capital in the multi-level capital structure, and these correspond to moving connections in the micro-, meso- and macro-levels of economic organization.  The kinetics of capital formation is caused by entrepreneurial agency which in turn is generative and transformative in respect of organization.  In this context, entrepreneurial behavior is knowledge-driven, constructive and often exhibits an exaptive orientation (Cf. Dew et.al. 2004).  Entrepreneurial behavior reflects the growth of human knowledge which is continuously imposed on the material world; it is manifested in the particular uses made of capital goods in production.

According to our capital-theoretic approach the setting of organizational boundaries at various levels is based on more than a narrow set of static transactional features.  The kinetics of capital formation implies embedded energy and dynamics exerted by the ongoing appraisals and specifications of entrepreneurs.  In this context, the boundaries of production and thence organization are best seen as a locus encapsulating transactions and knowledge.   Moreover, since a production relation (the capital combination) rather than an exchange relation (the transaction) forms the basic unit of analysis in our investigation, economic organization becomes a by-product of decisions regarding capital formation.  Organization-making is pursuant to the rendition of entrepreneurial acts that are often exaptive and means-driven.  Transaction costs involved in intra- and inter-organizational contracting, for example, are a consequence rather than a prime cause of organizational forms.  Accordingly, conventional transaction-cost explanations for economic organizations of various types and for their respective boundaries must be modified.  Since capital formation is dynamic, so too are the sources of transaction costs.  We cannot escape the observation that dynamic transaction costs are a key factor in determining the nature of economic organization (Cf. Langlois 2007a: 12-15).

We derived several conclusions about the nature and causes of modularity that extends previous work in the theory of economic organization: modularity is at once a product and a process, nonmodularity is founded on the kinetics of capital formation and modularization is always a matter of degree.   Organizational variations that occur emerge from the very nature of modularity as both a product and process.  Remodularization processes incorporating capital formation, capital recombinations and capital scrapping reflect entrepreneurs’ attempts to reduce dynamic transaction costs.  Technological change is subsumed by remodularization, by the continuous, purposeful structuring and restructuring of capital which is always and everywhere a process.  Knowledge generation and transmission are a hallmark of this process.
Empirical Implications

Some practical and empirical applications arising from our study may be suggested.  We consider that entrepreneurial acts of combining capital goods are the most significant source of change in the production structure of market economies.  The combinatory behavior of entrepreneurs therefore deserves further investigation.  How is the structure of capital combinations at this level referenced to entrepreneurs’ knowledge and expectations of changes in the meso- and macro-level capital structures?  How do entrepreneurs form expectations of gaps in the capital structure and how do they envision and respond to sources of variability in the upper level capital structures—such as supply shocks and variations in consumer requirements, the extent of flexibility in the macro capital structure relating to available infrastructure, raw material supplies and so forth?

We conjecture that some existing gaps in the macro capital structure of market economies hinder rather than stimulate capital formation at the lower levels; the macro structure would then retard the kinetics of capital formation in certain industries for instance.  For this reason the causes of systemic, pathological breakdowns in the capital structure warrant further study.   Furthermore, given that knowledge encapsulation is a ubiquitous feature of economic organization, what factors impede the ability of markets to communicate and diffuse knowledge that ultimately guides acts of capital formation?  Here rapid technological change, management innovations, governmental regulatory obstacles and regulatory failures, social factors, and information transmission failures may loom large.  More studies are required to identify the causes of both capital scrapping, and failures in attempts to form capital on a case-by-case basis.  Indeed, more empirical work is needed on the exaptive behavior of entrepreneurs​—behavior that results in novel, market-making capital combinations and structures, and new visions for economic organization.  It is not obvious that all exaptive behavior in this vein will be successful; implementation failures should also be considered.

In cases of remodularization, it would be useful to test our prediction that capital combinations often come about as the result of entrepreneurial appraisals and expectations of lower dynamic transaction costs.  The nature and content of those costs in real cases should be progressively operationalized.  Since knowledge transmission is an important influence on remodularization and on organizational boundaries, it may be that detailed studies and histories of remodularizations could directly ascertain and compare, ex ante and ex post (after a set time period), revenue and cost synergies.   Potential candidates for case studies of remodularization include: mergers, acquisitions, decisions to vertically or horizontally integrate production, decisions to exploit economies of scale and scope, and decisions to develop customer or supplier alliances.  This kind of research may produce measurable indicators of the success or otherwise of transaction and knowledge encapsulation.
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� In the early twentieth-century debates on the nature of capital the term “jelly” was used to describe this “substance” (Böhm-Bawerk 1907: 280). The capital theories of John Bates Clark, Frank Knight, and the still widely used Cobb-Douglas production function all incorporate an equivalent notion (Hennings 1987).





� George Richardson (1960:200), Joseph Schumpeter, and many other economists have recognized the commonsense, everyday notion of capital as a financial stock or quantum made available to entrepreneurs by financiers.  More recently, Bengt Holmström and Jean Tirole (1989) in an authoritative survey of the theory of the firm, treat capital as a financial stock.  Dispensing with the term “capital”, Holmström and John Roberts (1998:90) refer to “assets commonly traded in markets” (rather than capital).   More in line with our perspective, Schumpeter (1934: 66) nevertheless defined capital proper in the more abstract sense as entrepreneurs’ continuous combinations of productive services or instruments of production.


� Hence, we reject Israel Kirzner’s (1966:33) concept of capital as a “set” of “heterogeneous, tangible things”.  Heterogeneity is not sufficient for something to be considered as capital.  A similar though not identical, conclusion applies to Kenneth Boulding’s (1978:174) notion that “capital is a heterogeneous collection of things—it might be defined as the stocks or populations of all economically significant objects” (emphasis added).  We are mindful, however, that the notion of a collection is less strict than that of a set: a set is defined by composition—the elements which are its members—whereas a collection or population of “vintages” (Boulding), like a species, allows for changes in the identity of its elements.


� On endogenous knowledge acquisition and endogenous learning, see Harper (1994).


� Knowledge-based theories of the firm make a similar argument, though without grounding knowledge or organization in the actual creation of capital at the micro level.  See, for example, Conner and Prahald (1996), Grant (1996), Foss (1996), and Dosi, Faillo and Marengo (2008).


� Peter Lewin (2008: 178) aptly describes a module at the micro level as a “specialized combination of heterogeneous, complementary capital resources”.   And at the meso and macro levels, he sees a module as representing a “synergistically specific component of the capital structure”.


� Contractarian theories of economic organization have paid scant attention to the importance of knowledge.  Accordingly, they have not generally appreciated how knowledge transfers can motivate joint ventures, mergers and takeovers (Holmström and Roberts 1998: 90-91).


� The third column of this figure adapts a nested structure derived from Pettersson (1996: 4).


� Baldwin (2007) refers to: “underlying technology” (p.158); “technological changes that change the structure of production” (p.159); “underlying technological processes” (p.161); “the technology of a given time” (p.180); and “as long as the technology demands” (p.180).  In all cases, it is as if technology exists “out there”, independently of entrepreneurs’ appraisals and specifications.


� Dosi et. al. (2000: 14) visualize “firms as fundamental repositories of economic knowledge”.  Dosi and Grazzi (2006) refer to technology variously as: “bodies of problem-solving knowledge” (p.173); a “body of knowledge” (p.176); “a set of pieces of knowledge” (p.175); and “memory of the problem-solving repertoires” of an organization (p.178). See too Marengo (1992: 315).







