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The Creative Response 1

1 Introduction

Innovation is an emergent system property that may take place when the
entrepreneurial response to unexpected factor and product market conditions
is complemented and supported by conducive systemic conditions that enable
the generation of indispensable technological knowledge at costs below equi-
librium. This Element uses the tools of evolutionary complexity building upon
the notion of creative response introduced by Joseph Schumpeter in “The
creative response in economic history.” The Element provides the foundations
of an inclusive framework that enables us to integrate the variety of mechanisms
considered by the different streams of literature to grasp the dynamics of the
endogenous innovation process and to identify the crucial role of knowledge in
assessing the rate and the direction of technological change and their effects in
terms of productivity, profitability, and growth.

The contribution of Schumpeter published by the Journal of Economic History
in 1947 can be regarded as the synthesis of his lifelong research on the role of
innovation in economics. “The creative response in economic history” synthesizes
in a unified framework the ingredients elaborated in “The instability of capitalism,”
published by the Economic Journal (Schumpeter, 1928); The Theory of Economic
Development, published in English in 1934 (Schumpeter, 1911-1934); Business
Cycles: A Theoretical, Historical and Statistical Analysis of the Capitalist Process
(Schumpeter, 1939); and Capitalism, Socialism and Democracy (Schumpeter,
1942). It combines the basic tools of textbook microeconomics — such as analysis
of technical change as a reactive movement on the existing map of isoquants in
response to changes in product and factor markets — and key Marshallian contribu-
tions — such as the role of variety and of externalities — with analysis of the
intentional introduction of innovations as a creative response that is able to change
the existing map of isoquants when the systemic conditions into which firms are
embedded support their entrepreneurial action (Antonelli, 2017b, 2018c). This
framework enables appreciation of the central role of intentional decision-making
in the generation of technological knowledge and the introduction of innovations as
a response to the challenges and opportunities provided by changing product and
factor market conditions and access to the general stock of scientific and techno-
logical knowledge.

The framework of the creative response seems especially appropriate for
analyzing the evolutionary complexity of endogenous innovation and variety
based upon the dynamics of feedback between individual decision-making and
systemic changes that characterize the working of economics systems and
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the full stock of existing know-
ledge stock. When firms do not
m relevant

equilibrium because they can access and use
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have access to technological knowledge stocks and cannot benefit fro
the response is just adaptive and its outcome

pecuniary knowledge externalities,
consists of novelties rather than productivity—and—proﬁtability-enhancing

innovations.

Section 4 explores the mechanisms of the recombinant generation of new
technological knowledge. Top-down and bottom-up processes of knowledge
hin the borders of the firm: learning and

h other witl
as much as internal

generation complement eac
strictly complementary,

formalized research activities are
and external knowledge. The richer the stock of knowledge in terms of both size
ions in the recombination and the
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new knowledge. The limited appropriability and
asi-public
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ed the accumulation of stocks of qu
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knowledge. Access t0 and use of the stock of existing knowledge, however, is

far from free: it entails dedicated activities to scree, identify, decode, learn, and
ledge is actually limited. Knowledge is

finally use if. Transferability of know
| interactions are indispensable

essarily embodied in human beings. Persona
£ its intrinsically tacit content.

gical proxim-
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in order to use knowledge because O
Geographical, institutional, professional, cognitive, and technolo

ity helps in accessing existing knowledge. Being able to identify, appreciate,

y select the procedures and mechanisms that enable access to and

and accuratel
use of external stocks of quasi-public knowledge becomes a crucial factor of
both economic analysis and strategic management. Next to imitating competi-

tors are all the absorption mechanisms of the other, different sources of external

knowledge such as upstream and r relations, public
research centers, and a mobile talent pool.

Section 5 explores the role of endogenous knowledge in the production of all
In the technology production function implemented by this

Element, the stock of knowledge has been decided in an upstream decision
the technology production function as a fixed factor.

The capitalization of knowledge marks a central step in the twin evolution of the

£ innovation and knowledge. Capitalized knowledge itself is at the

gconomics 0
same time an input in the technology production function and the output of the

upstream knowledge generation function.
Section 6 shows how the strategic direction of technological change toward

the intensive use of exclusive inputs, such as technological knowledge, that are
locally abundant but not accessible, at the same conditions, by rivals in inter-

downstream user—produce

other goods.

process: as such, it enters
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a creative Tresponse and the eventual introduction of productivity-and-

proﬁtability-enhancing innovations.

[nnovation may emerge as a recursive system property that takes place within
path-dependent processes that are non-ergodic, as they are historic processes
where time matters, but far from deterministic, as stochastic events may play
a major role and original trajectories may be discontinued and altered by small
events that take place along the process. Innovation may take place when agents

that try to implement their responses to the changing conditions of product and
factor markets are able to put in place convergent research strategies that favor
the recombinant generation of new technological knowledge within actual

coalitions for growth that are able to identify, strengthen, valorize, and exploit
d open the way to Schumpeterian loops

latent knowledge complementarities an
that spread in the system.

of recursive rounds of creative responses

2 The Framework of the Creative Response

2.1 Introduction
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Antonelli, 2022b).
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such high levels of uncertainty is limited. The intentional decision to generate
new technological knowledge and to innovate is implemented only when the
specific out-of-equilibrium conditions of product and factor markets impede
business as usual and solicit dedicated efforts to cope with the unexpected
conditions by means of the generation of new technological knowledge and
the introduction of innovations.
The decision to undertake the substantial risks of innovation activities that
characterize both the upstream generation and the downstream use of new
technological knowledge to introduce and exploit an innovation is not an
automatic process. It takes place only in a specific economic context character-
ized by challenges that impede firms’ ability to conduct business as usual and
provide rare opportunities. In equilibrium, when the evolution of product and
factor markets matches standard expectations, firms are not ready to take such
risks. Here the prospect theory, according to which firms are more sensitive 0
losses than gains and strongly tend to avoid losses, helps us to grasp the
determinants of decision-making about innovative efforts (Tversky and
Kahneman, 1992).

The economics of knowledge and innovation have little investigated the context

in which decision-making about the generation of technological knowledge and the
introduction of innovations takes place: the leading approaches — standard evolu-
tionary approaches and the new growth theory —do not explore the determinants of
innovative efforts as an intentional process. Standard evolutionary approaches of
Darwinist ascent assume that firms keep innovating at all times and that generation
of knowledge is based on automatic learning processes that are implemented by
routines (Nelson and Winter, 1982). This literature assumes that firms decide levels
of R&D expenditure following automatic rules of thumb such as fixed fractions of
past sales. Evolutionary approaches do not take into account the effects on discre-
tionary decision-making of the changing conditions of product and factor markets
that lead to the definition of firms’ innovative efforts. Standard evolutionary
approaches are not able to explain why some firms innovate more than others, or
why firms are much more innovative at certain times than at others (Dosi and
Nelson, 2010). -

The new growth theory also does not elaborate on the determinants of firms’
innovation efforts; rather, it centers its analysis on the special properties of techno-
logical knowledge as an economic good and values limited appropriability as the
engine of increasing returns disseminated by externalities that yield TFP growth at
the aggregate and the firm level. In the new growth theory, knowledge that is not
fully appropriated by “inventors™ spills into the system and benefits third parties
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elasticity because of its limited appropriability — in a production function — the so-
called technology production function enriched by inclusion of knowledge —
according to the matching between the costs and the output elasticity of all the
inputs. The new growth theory does not take into account the high levels of
knowledge generation and exploitation risk that come with the introduction of
innovations (Romer, 1990, 1994; Aghion and Howitt, 1997, Aghion and Jaravel,
2015).
More specifically the new growth theory assumes that the limited appropria-
bility of knowledge reflects its high transferability such that knowledge spill-
overs yield technical externalities that benefit all the agents of the system at all
times and in all locations with no costs. The new growth theory does not take
into account the possibility that the limited appropriability of knowledge coex-
ists with its limited transferability. The limited transferability of knowledge
stems from the costs of screening, assessing, accessing, absorbing, and finally
using external knowledge generated by third parties. Only a few firms with high
levels of geographical, institutional, cognitive, and technological proximity can
take full advantage of the spillover stemming from the limited appropriability of
knowledge.
The combination of limited appropriability and limited transferability dra-
matically curbs the heuristic power of the new growth theory. That only a few
firms are able to take advantage of spillovers dramatically limits the incentives
to generate new knowledge: in any simple oligopolistic market, it is sufficient
that a few firms take advantage of free spillovers sequentially,
profits from innovation and instead transferring all benefits to con
the vast majority of firms, based at a distance,
free spillovers and must bear heavy absorption
any positive effects (Cohen and Levinthal, 199
pecuniary rather than technical and the limit
drastically reduces its positive effects for all b
for the system at large (Antonelli, 2022a).

This Element takes an evolutionary complexity approach that impinges upon
the Schumpeterian framework of the creative response (Schumpeter, 1947). It
appreciates the endogenous heterogeneity of agents and credits them with the
capability to change their knowledge and technology when and if their context

of action stirs and supports their response (Antonelli, 2011, 2017a).

The framework of the creative response provides the foundations upon which
to articulate an inclusive evolutiona

Iy complexity where growth and change are
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and how much it can contribute to individual firms’ knowledge generation
process depends upon the specific and, once more, highly idiosyncratic condi-

hich those firms are embedded in terms of the quality of the know-
et us

tions in W
ledge governance mechanism at work in each specific context of action. L

analyze them in turn.

22 1 Conditions of Product and Factor Markets

In the creative response framework, innovation is a high-risk activity, and its

outcome is strongly affected by the context in which it takes place. Firms are
risk-averse, and their innovative efforts are decided only when product and
factor markets are out of equilibrium. Firms try to cope with the new risky
context by intentionally performing risky innovation activities that may lead to
the eventual introduction of innovations, but only in specific and quite idiosyn-
cratic circumstances. The creative response framework elaborates and impinges
upon a strong Lamarckian trait: that change in behavior and introduction of
innovations depend upon changes in the context of action. Firms innovate only
if specific opportunities and constraints undermine their conducting of business
as usual and stir their attempts to change. The Lamarckian hypothesis that the

type could change the genotype such that new conducts and behaviors

pheno
genetics,

could be transmitted through generation was falsified in biology and
but it applies effectively to the economic analysis of innovation and knowledge.

1t also contributes to implementing a more comprehensive and inclusive evolu-

tionary economics where endogenous variety and innovation are emergent
properties of the system that not only support each other but may be able to
contrast both the intrinsic thrusts of competitive markets toward equilibrium
and the powerful effects of Darwinian selection on firms that perform less well
with the eventual reduction of variety to homogeneity. Firms try to innovate
when the actual and unexpected conditions of the product and factor markets in
which they operate either (i) undermine their performance such that it falls to
average levels of sustainability; or (ii) yield above-average performance

below-
sources that can be invested in risky undertakings. Letus

and provide internal re

elaborate on this approach briefly.
The actual effects of innovative efforts in terms of performance and TFP

growth are determined by the actual cost of technological knowledge. The
actual user cost of technological knowledge is determined by two contrasting
forces: its limited appropriability and exhaustibility, which make possible low-
cost access to existing knowledge generated by third parties — albeit to only
 £avar firma — amd the screening and absorption costs that add on and may push the
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The attempt to generate new technological knowledge and introduce productiv-
ity-enhancing innovations is successful only if, where, and when the conditions of
the economic system rooted in the architecture of interactions and transactions are
conducive to enabling firms to identify, access,

absorb, and use the stock of quasi-
public technological knowledge at costs below equilibrium levels,
The

large literature that impinges upon the new growth theory assumes that
knowledge spills freely into the atmosphere and can be accessed and used by
any number of third parties at no cost. The new growth theory has found a new
manna: the limited appropriability of knowledge reduces
take innovative efforts but also automatically helps reduc
ledge with technical knowledge externalities to all agents in the system at the
same conditions. External knowledge enters the production function of all firms
as an unpaid factor and yields the typical technical externalities (Scitovsky,
1954).
This approach is contrasted by investigations
ledge that have identified and appreciated the key role both of the limited
transferability of knowledge and of knowledge absorption costs, Access to
and use of knowledge spillovers require dedicated and expensive activities
(Mansfield et al., 1981; Cohen and Levinthal, 1990). The response of firms in
out-of-equilibrium conditions is creative and enables the in
uctivity-enhancing innovations only when pecuniary kno
reduce the cost of knowledge as an indispensable input
generation of new technological knowledge, below the eq
is, the cost of reproduction.
Changes in products,

incentives to under-
e the cost of know-

into the economics of know-

troduction of prod-
wledge externalities
in the recombinant
uilibrium level, that

processes, input mixes, organizations, and markets are
innovations only if they trigger an increase in TFP. Changes are innovations
only if they enhance productivity levels. As such, innovation
property of the system in an endogenous loo
the out-of-equilibrium conditions of produc
firms to introduce innovations only if, whe
the opportunity to generate new technological knowledge at costs below
equilibrium; (iii) both the out-of-equilibrium conditions and the levels of
pecuniary knowledge externalities are endogenous as they are shaped by the
decisions to try to innovate and to generate new — additional — technological
knowledge; and (iv) the limited appropriability of knowledge means that firms

are better off imitating already successful innovations, thu
market-sorting mechanisms.

§ are an emergent
p where: (i) the system en genders
tand factor markets; (ii) it enables
n, and where it provides them with

s making use of

Firms’ reactivity levels, the size and composition of the quasi-nublic techne.
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Proximity exerts strong effects on complementarity. Technological proximity

triggers cognitive proximity: industries that belong to the same value chain
share tacit knowledge that shapes regional development trajectories. The size
and the composition of the stock of competences accumulated over time are
likely to create dynamic irreversibility, engendering path-dependent diversifi-
cation dynamics. In this context, the interplay between regional idiosyncratic
features and the ability of local agents to engage in successful learning
processes that build upon localized complementarities is considered key to
enhancing generation of technological knowledge at costs below equilibrium
(Balland et al., 2019; Boschma et al., 2013, Boschma, Heimeriks, and Balland,
2014; Colombelli et al., 2014; Essletzbichler, 2015; Montresor and Quatraro,

2017).

Technological knowledge can be regarded not only as an economic good but also as
the outcome of an intentional economic activity characterized by high levels of
rooting: technological knowledge is intrinsically localized. Knowledge resources
are in fact highly idiosyncratic, non-substitutable, resilient, rare, and valuable.
Competences emerging out of localized learning are mostly specific to sectors,
regions, and technological domains, and therefore hardly useful for activities that
are loosely related to existing bundles of regional activity. For this reason, the
dynamics of emergence of innovations and new activities are shaped by path-
dependence that in turn shapes the direction of technological knowledge. The cost
and the composition of new technological knowledge, at each point in time, are
heavily affected by the size and the composition of the existing stock of regional
knowledge: Jacobs externalities matter as much as Marshallian externalities (Jacobs,
1969; Quatraro, 2009; Neffke et al., 2018). The response is all the more creative
when the costs of new technological knowledge are below equilibrium levels
because the strategic management of research activities is able to: (i) screen items
of localized quasi-public knowledge stocks and their specific knowledge spillovers
that are at the same time locally abundant and yet exclusive and hence rare; (ii)
identify sources of possible complementarity between the internal and external
stocks of knowledge; and (iii) access and use the stock of quasi-public knowledge.
Identification and exploitation of the composition of the knowledge stock
available in each (regional, technological, and sectoral) context and of the quality
of the knowledge governance mechanisms play a central role in assessing the
outcome of the knowledge generation process at the firm level. Some firms may
benefit from a large localized stock of knowledge with a specific composition that
helps the recombination process at low costs. Other firms may experience poor

~a ~ o1 : c—da
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ivity-enhancing innovation that enable firms to increase their
hanging conditions of product

ent in international product
ubstantial heterogeneity of

terms of product
performance. It enables us to appreciate how the ¢
and factor markets magnified by increasing engagem

markets, characterized by high levels of rivalry and s
o which competitors are based, stir the creative response on

factor markets int
roduct and

two counts: (i) they
factor markets brought about by
provide firms with the opportunity

increase firms’ exposure to changes in their p
the entry of new competitors; and (ii) they
to learn from advanced competitors and

benefit from relevant knowledge spillovers that are larger the closer the firms

e international technological frontier. Consequently, it is clear that: (i)
onal product markets, the larger their

e larger firms’ innovation effort, the

are to th
the larger firms’ engagement in internati
likely levels of innovation effort; and (ii) th
larger their competitivity in international product markets.

Levels of innovation effort are not defined in the context of standard maxi-
mization procedures where the relative costs of inputs are the exclusive deter-
minants of decision-making. Nor are they decided by their relative costs with
respect to labor, capital, and output clasticity as they do not form part of the
standard substitution process between inputs that characterizes standard opti-
mization procedures. Standard optimization procedures identify the correct
levels of capital and labor under the constraint of a predetermined amount of
technological knowledge that, at each point in time, can be regarded as a fixed

factor.
The intentional decision to innovate and identification of the appropriate

level of innovation effort are implemented in the context of the creative

response. Decision-making here is determined by the extent to which the
ion that is stirred by the need

introduction of innovations is regarded as an act
e with out-of-equilibrium conditions facing the firm and incentives to take
especially with respect to the condi-

wledge. The reactivity of incumbents

to cop
advantage of specific market conditions,

tions of access to the existing stock of kno

and entrepreneurship play a central role here.
The level of innovation effort becomes part of the knowledge gener

function, which defines the amount of technological knowledge that feeds into
the technology production function. Analysis of the dynamics and heterogen-
eity of factor markets enables us to identify the direction of technological
change that can be achieved with the given amount of technological knowledge.
The amount of technological knowledge and the direction of that technological

knowledge form part of the technology production function and contribute to
lysis of the role of technological knowledge

ation

identifuvine the output levels. Ana
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In a closed economy, because of the limited appropriability of knowledge,

imitators can enter the marketplace and produce the very same products at lower

costs because they do not bear the costs of innovation efforts. Imitative entries

drive down market prices and the profitability of innovators that can command
only limited transient monopolistic rents.

In international product markets where competition takes place between
firms based in capital-abundant countries and firms based in labor-abundant
ones, competitors based in labor-abundant countries can imitate new products
and produce them at lower costs. In the new global economy, however, firms

based in industrializing countries can take advantage of the globalization of

financial markets and the consequent access 10 financial resources with low

levels of variance in global markets. Firms based in capital- abundant countries
can no longer take advantage of the shield provided by the local abundance of
capital.
In these circumstances, firms based in advanced countries can try to identify
other key inputs that are not only locally abundant but also exclusive because
they are rooted only within their own systems. Identification of rooted inputs
that are characterized by high levels of resilient exclusivity plays a central role
in shaping the factor intensity of the direction of the creative response. Firms
able to identify inputs that can be accessed and used in local factor markets at
costs that are lower than in the factor markets where competitors are based, and

exploit them by systematically directing technological change toward their

intensive use, may be able to increase not only TFP (at rates that are larger

the lower the costs of such inputs with respect to those of other local inputs) but

profitability stemming from the introduction of directed and biased

also the
t replicate

technological change. Competitors may be able to imitate but canno
the cost conditions of innovators.
This is, more and more, the case of technological knowledge: advanced

e built a large stock of technological knowledge and have been

countries hav
able

able to elaborate sophisticated knowledge governance procedures that en
local firms to access and use it at low costs. Access to the local stock of
technological knowledge and the protocols and procedures of local knowledge
governance is much more difficult for firms based in industrializing countries
where, on the contrary, the stock of knowledge is relatively scarce and its access
cost much larger than those of the other local inputs and the knowledge costs of
advanced economies. The strategic knowledge-intensive direction of techno-
logical change toward intensive use of exclusive knowledge inputs that are
y abundant but not accessible at the same conditions by rivals in inter-

L T

locall
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cannot use the very same factor markets can Imitate but cannot produce at the
same costs.
The large size of the stock of technological knowled

ge available in advanced
countries induces the knowledge-

intensive direction of technological change to
increase the actual levels of knowledge appropriability. This in turn yields

innovative efforts that further trigger the accelerated accumulation of techno-
logical knowledge and hence increase the incentive to
change as a competitive tool within a Schumpeterian Spir:
resilient the knowledge cost asymmetries, the stronger the spiraling loop com-
prising the selective knowledge-intensive direction of technological change, the

knowledge appropriability, the rate of technological advance, and the accumu-
lation of larger stocks of knowledge.

direct technological
aling loop. The more

The knowledge and the human capital intensity of current technological
change reflect the strategic outcome of rivalry in global product markets
between firms based in advanced countries and firms based in labor markets
characterized by high levels, in both relative and absolute terms, of cost of
knowledge and human capital. Firms based in such labor markets have access to
low-cost blue-collar labor and international financial mark

ets that reduce capital
cost asymmetries but

very expensive skilled labor and access to knowledge
stock. Firms based in such factor markets can take advantage of the limited

appropriability of technological knowledge and imitate the knowledge-
intensive technologies introduced b

y their rivals based in knowledge-
abundant countries but cannot replica

te their costs. Firms based in advanced
countries, on the contrary, can take advantage of the endogenous and hence
resilient supply of knowledge at low costs and increase the knowledge intensity
of their production. The knowledge and skilled labor intensity of technological
change enables them to increase not only productivity but also profitability and
growth. The larger the cost of the basic inputs (capital and labor) in advanced
countries and the larger the difference between the cost of knowledge in
advanced countries and the cost of knowledge in industrializing competitors
in global product markets, the larger the output elasticity of the stock of
technological knowledge.

The strategic direction of technological change helps firms improve their
performance on two counts: (1) matching between levels of factor intensity,
determined by the output elasticity of inputs, and their relative costs helps
increase levels of productivity; amd (ii) selective increase of the output elasti-
city of inputs that are not only cheaper but also rare and more costly for rivals

and imitators based in other factor markets helps increase the de facto appro-
nriahility aftha teawaio ¢ = o 3

r
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3 The Innovation Function

This section dicenccse bt . - -

The Creative Response
such as the entry of new competitors, changes in aggregate demand, changes in
consumer preferences, the introduction of innovations by competitors, and
changes in input costs. Analysis of the creative response framework starts
with defining the innovation function, that is, the amount of innovative effort
that each firm is able to mobilize to cope with out-of-equilibrium conditions in
product and factor markets.

An intentional action directed to new knowledge generation is undertaken.
New technological knowledge does not fall like manna from heaven; a broad
array of activities is necessary {0 activate the innovation process. They include
not only R&D activities but also dedicated learning activities.

Also, R&D expenditures cover only a subset of the activities that are neces-
sary in order to exploit the technological knowledge that has been generated and

accumulated over time. Investment in intangible assets provides areliable proxy
for the broad array of activities that are necessary to explore the existing stock of
knowledge as well as to access, retrieve, leam, absorb, and eventually reuse the
knowledge that has been produced in the past, both internally and externally to
the firm. Innovative efforts are indeed necessary also to absorb external know-
ledge (Cohen and Levinthal, 1990).
Learning provides an indispensable contribution to

logical knowledge. Learning is the primary source of tacit knowledge and
rning itself is not spontaneous. Efficiency wages

generating new techno-

competence. However, lea

are necessary to support and valorize the accumulation of competence and

tacit knowledge by means of learning by doing, stirring the creativity of

motivated workers (Stiglitz, 1974; Shapiro and Stiglitz, 1984).
At this first stage of the innovation function, firms decide how broad a range

of innovation efforts to engage in, based on their firm characteristics, previous

investments, and accumulated knowledge, as well as the local context. The
specific circumstances of firms that are trying to meet changing product and

factor market conditions play a key role at this stage.

3.1 Entrepreneurial and Managerial Characteristics

The entrepreneurial characteristics of firms play a central role. Managerial
decision-making is combined with entrepreneurial capabilities in incumbents
in newcomers. Here, the contribution of “The creative response in
clevant: entrepreneurs are not only the founders of —
— incumbents. Firms differ

as much as
economic history” is most
small — newcomers but also the managers of — large
with respect to their reactive capabilities: some firms are slower and rely less on
e ontiorn affavte ac 2 wav tn cone with the changing conditions of the envir-
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and strategic chal-
ementary resources, and

As far as small and young companies are concerned, the strategic choice
ivities is influenced by
a number of barriers and incentives with which they are confronted due to their
liabilities of newness and size (Autio, 2005; Baughn and Neupert, 2003). The
main barriers to innovation efforts for SMEs and young companies are related to
their primary inputs, that is, capital and labor (Soderblom et al., 2015). Tt is
almost universally acknowledged that small firms, especially in their early
stages of development, are subject to important financial constraints (Storey
and Tether, 1998; Revest and Sapio, 2012). The financial literature has provided
e of the existence of resource constraints and their negative
rformance (e.g., Fazzari et al.,
et al., 1994; Blanchflower and

ample evidenc
effects on small and young companies’ pe
1988: Evans and J ovanovic, 1989; Holtz-Eakin
Oswald, 1998). These financial constraints may indeed impede such firms
bearing the high expenses associated with the innovative process (Hall, 2005).

Previous literature empirically confirms that the high costs associated with
formal protection mechanisms are one of the main obstacles for start-ups and
lead to relatively low demand for patent protection (van Pottelsberghe de la
Potterie and Francois, 2009; Graham et al., 2010). These costs include process
and translation costs, external expenses, and maintaining, monitoring, and
enforcing costs (see van Pottelsberghe de la Potterie and Frangois, 2009).
Furthermore, small and young firms often lack financial resources with which
to gain access t0 and control over the kind of complementary assets (e.g.,
distribution channels, brand recognition, external knowledge) that are needed
to commercialize the results of their innovation activities and are thus forced to

rely on cooperation with external partners, at least in their early stage of
iate the returns of their innovation

development, thus partially failing to appropri

activities.
As far as labor is concerned, the main barrier to innovation efforts faced by

small and young firms concerns the rigidity of the labor market (Arvanitis,
2005; Zhou et al., 2011). This means that such firms face problems concerning
how to reduce high fixed labor costs, find qualified workers, and retain them by
viding the right incentives. These barriers may hamper these firms’ innova-
the literature on labor economics and innov-
ive effects that qualified personnel exert on
flexibility may be particularly

4T -

pro
tive performance. In this respect,
ation has provided evidence of posit
firms’ innovative performance and argued that
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firms to use labor forces according to their available capital and thus to reduce

their overall fixed labor costs (e.g., Storey et al., 2002; Zhou et al., 2011 ). This
helps such firms to invest larger resources into i

nnovation activities. Moreover,
flexibility of contracts allows firms to improve

employer—employee matchin g
and acquire new knowledge and networks of connections embedded in new

skilled employees (Kalleberg and Mardsen, 2005; Malcomson, 1997; Matusik
and Hill, 1998; Martinez-Sénchez etal., 2011). Finally, flexibility of contracts
can contribute to enhancing firms’ innovation activities by attracting high-
skilled workers, increasing workers’ creative effort and participation, and
easing knowledge sharing within the organization (Kruse, 1992; Collins and
Smith, 2006; Liu et al., 2017; Datta et al., 2005).

As for large firms, the Schumpeterian hypothesis is masterfully summarized thus
by Joel Mokyr (1990, p. 267): “large firms with considerable market power, rather
than perfectly competitive firms],] are the most powerful engine of technological
progress.” Schumpeter, in Capitalism, Socialism and Democracy, went so far as to
claim that “perfect competition is not only impossible but inferior” (Schumpeter,
1942, p. 106). The Schumpeterian hypothesis has fed a long-lasting theoretical
debate and the large empirical literature provides controversial evidence of the
advantages of large firms over smaller ones in respect of rates of generation of
technological knowledge and the eventual introduction of innovations, The results
of empirical studies in different sectors, historical periods, countries, and regions
have not provided conclusive evidence (Link, 1980; Link and Siegel, 2007).

Recent advances in the economics of knowledge enable us to focus the
Schumpeterian hypothesis on the knowledge generation activity and on the
long-lasting effects of the limited divisibility and exhaustibility of knowledge.
The Schumpeterian hypothesis, in other words, would apply only to the size of
the stock of knowledge and not to the sheer size of firms in terms of employ-
ment. Following this approach, Antonell; and Colombelli (2015a, 2015b) argue
that the size of firms exerts negative — cost-reducing — effects when it is
measured in terms of internal knowledge stock rather than in terms of sheer
size. For a given size in terms of employment, firms with a larger stock of
internal knowledge have lower unit knowledge costs than firms with smaller
internal stocks. The advantage of incumbents, in other words, stems specifically
from the effects of knowledge cumulability and non-exhaustibility and is
specific to the size of their stock of knowledge.

3.4 Spillover Entrepreneurship

In a study of the knowledge spillover theory of entrepreneurshin (KSTR)
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4 The Knowledge Generation Function

es the knowledge generation function, the second step of

This section explor
racteristics of the

the SSE model, and describes the basic ingredients and cha
recombinant generation process that goes from knowledge inputs to know-
ledge output. The analysis summarizes, first, the role of internal innovation
efforts and the internal stock of knowledge and, second, the role of the

external stock of knowledge. Analysis of the cost of knowledge concludes

the section.

The recombinant knowledge appr
a new frame of analysis that is abl
existing knowledge, including external knowledge, as
generation of new knowledge. As Weitzman (1996, p. 209) recalls, “when
research is applied, new ideas arise out of existing ideas in some kind of
cumulative interactive process that intuitively has a different feel from
» This insight has led to the so-called recombinant
y means of recombining existing ideas
to scale in performing the R&D
conomic activities. The
for and identification of

oach has paved the way {0 elaborating
e to accommodate the central role of
an input into the

prospecting for petroleum.
approach: new ideas are generated b
under the constraint of diminishing returns
activities that are necessary to apply new ideas to €
generation of new knowledge stems from the search
knowledge that have been already generated for other purposes
and yet possess characteristics and properties that have not previously been
considered. The search for existing knowledge items that can be recombined
and used as input in the generation of new knowledge is strictly necessary:
external knowledge is indispensable for the generation of new technological

elements of

knowledge.
Existing knowledge is both internal to each firm, stored in the stock of

competence and knowledge accumulated in the past, and external to it. In the
latter case it can be accessed by means of knowledge interactions and
s with suppliers, customers, and other agents qualified by substan-
the generation of new technological know-
ledge as a recombinant process that consists of the reorganization and

ation of relations among existing knowledge items enables us to
sibility, articulated in

in the generation of

transaction
tial proximity. Appreciation of

reconfigur
better appreciate the effects of knowledge indivi

internal cumulability and external complementarity
new knowledge. The generation of new technological knowledge, at each
point in time, by each agent, in fact is strongly influenced not only by the
internal accumulation of knowledge but also by the flows and stocks of
knowledge made available by the other firms that belong to the system in
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Both codified and tacit knowledge are as indispensable and strictly comple-
mentary in generating new technological knowledge as the bottom-up and top-
down procedures are in accumulating complementary stocks of competence and
scientific knowledge. In this unified context where both learning and formalized
research activities are necessary and complementary, the procedures by means
of which they are implemented concern the full array of industries, technolo-
gies, and firms.

Learning is stirred by efficiency wages, that is, wages that are larger than the
marginal product at labor at each point in time ¢ but match the marginal product
at time ¢+ / that is possible to achieve by means of the workers’ active partici-
pation and commitment. Efficiency wages are the basic tool that firms can use to
stir the dynamics of the learning process and to accumulate competence and
tacit knowledge. The participation of workers is as indispensable to starting the
bottom-up process of knowledge generation as it is to implementing the final
steps of the top-down process of applying scientific and general technological
knowledge to the specific and highly idiosyncratic characteristics of the pro-

duction process (Stiglitz, 1974).

Efficiency wages are the counterpart of a gift exchange between employers
and employees. Employees donate their creative attention and learning capabil-
ities, which are not part of the standard labor contract. In exchange, employers
donate a wage that is in excess of the present level of marginal product
(Akerloff, 1984; Akerloff and Yellen, 1986).

The excess wage should at the same time compensate the worker for their
excess effort and enable them to accumulate additional competence that
enables them to introduce innovations that augment the marginal product
of labor. Successful innovation strategies based upon efficiency wages
represent intertemporal equilibrium: extra wages paid at time ¢ become
equilibrium wages at time ¢+ /. Efficiency wages are successful when firms

are able to stir and capitalize on their workers’ learning and then transform
those workers’ tacit knowledge into an input to the effective generation of
new technological knowledge and the eventual introduction of new superior
technologies.

An augmented learning strategy includes efficiency wages and high levels of
skill and human capital intensity even beyond the requirements of the current
job assignments. Learning capabilities are in fact increased by the enrollment of
qualified personnel with high levels of human capital that are better able to
contribute to the accumulation of tacit knowledge because of their being
endowed with greater skills than are strictly required for their current tasks.

s i1 P i iecciamnn 4lan ran hataresn the Purrent
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Combmatlion of efficiency wages and extra-human capital identifies the broad
strateg}_l of job enrichment. The analysis of the social conditions of innovati .
er.ltelprlse elaborated by William Lazonick (1990, 1991, 1992 2010), fro very
d1ffer¢.aut llnethodological perspective, stresses that the central l‘(,)lB of ]e:amirr:l a’ Vel:y
organization further enriches the efficiency wages approach. s

The stock of competence and experience accumulated by each firm matt
much as the flows of R&D activities and learning efforts. The internal at erlf ”
knowledge includes both the items of codified knowledge. typicall r: rseOC ch
by the patents granted to each firm and the tacit knowledge acimﬁlatszi] tlj
means of structured learning processes. Not only the size of the internal stock )’;
knowlt.:dge is relevant; the composition is relevant too, in terms of both ihoc ?
of codified and tacit knowledge and the different type,s of knowled, .
lated, in terms of technological fields of expertise. e

4.2 External Knowledge in the Recombinant Generation of New
Knowledge

The limited appropriability of knowledge triggers spillovers that yield external
knowledge. Identification, appreciation, and accurate selection of the } m:il
ures and mechanisms that enable firms to access and use the s illprOce ;
external stocks of quasi-public knowledge become a crucial factor :f ?Ver (')
%nana.gernent. Technological knowledge in fact combines limited a : ra'telf'lc
ity with limited transferability (Antonelli, 2022a). prrops
of c?urse, access to and use of external knowledge are not free: relevant
absorption costs are necessary to take advantage of spillovers -Al Zn
Mansfield et al. (1981) have shown that imitation is far from free. Irnizea' "
costs are high and strongly influenced by the size and composition -fth ot
;)f ;{Powl(;fzdge available to imitators. Absorption of external knowle;ge r:q??r(:s(
edicated and intentional activities. Appreciation of i iviti
costs has two important consequences: (i) knowledgea:i(t):rtlziizztlrzzles m;d
c.(-)st of knowledge inputs and, as such, are pecuniary rather than techni uci'e o
(1.1) th{.a cost of external knowledge varies across firms, industries. r “.“’a .
h.IStOI'lca] time. It is far from homogenous and stead};- it can be,l eg'f’ns’ -
circumstances and quite high in others. ! e
Of]:;[]:csht :Erk l}as been necessary to identify and explore the variety of sources
cks of quasi-public knowledge, on the i
I_nechanisms and conditions that enable ind quaiifinI:se alli':‘:; :1111: 1_::: avane'ty "
in the recombinant generation of new technological knowledge, on Stl?n H:.Eut
(Antonelli, 2019b). External knowledge consists not only of ho,n'zontaj :pi;r
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vertical, and diagonal flows of knowledge spillovers is an important and recent
acquisition. Spillover analysis originally focused on horizontal spillovers that
flow within industries among firms that specialize in the same product range.
Appreciation of other sources of external knowledge has been a major contri-
bution of the economics of knowledge.

Relevant knowledge flows take place vertically along the user—producer
interactions that complement and support transactions along value chains.
Customers are sources of important knowledge for competent sellers that are
able to learn from the suggestions and problems experienced by downstream
users. Downstream learning by using can complement upstream learning by
doing. Here, vertical Jacobs knowledge externalities play an important role and
favor the growth of industrial districts away from their original mono-industrial
basis. The Marshallian tradition based upon appreciation of mono-industrial
districts is enriched by appreciation of the variety of suppliers and of their
interactions with customers (Von Hippel, 1988, 1994, 1998).

Many seemingly unrelated activities yield important knowledge spillovers.
Here, diagonal flows are at work: applications implemented in industry A can be
successfully used in industry B even if no transaction flows take place between
A and B. Diagonal spillover flows take place especially when general purpose
technologies apply to a variety of activities (Bresnahan and Trajtenberg, 1995).

Being able to access and use the broad variety of available spillovers requires
use of an array of dedicated activities. Next to imitating competitors in the same
product markets, these include the broad range of activities that enable absorp-
tion of useful knowledge generated by users and customers, providers of inputs,

universities, and other research centers: location in selected regions, valoriza-
tion of user—producer relations, systematic interaction with universities and
research centers, inclusive search for talented personnel, targeted cooperation
with specialist providers of knowledge-intensive inputs, and takeover of new
start-ups and small innovative firms that command useful knowledge.
Clustering of firms within a Jimited geographical space helps the interfirm
mobility of qualified personnel and the dissemination of technological know-
ledge. Marshallian externalities that spill vertically across the different stages of
the value chains within industrial districts help specialization in narrow techno-
logical fields. Jacobs externalities, on the contrary, play a crucial role in
recombinant generation of new knowledge to positively impact the variety of
firms and industries that are colocalized in proximity. In this respect, geograph-
ical closeness between firms and universities is of particular importance
because the exchanged knowledge is cumulative, localized, and tacit in nature,
allowing local firms to access the results of academic research more easily
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institutional and organizational resources of the university. Since the upsurge of

the third mission, academic institutions have increasingly faced tensions
between academic excellence and research commercialization.

Previous works showed that universities need to manage this tension by
acting as ambidextrous organizations (Gibson and Birkinshaw, 2004; Raisch
and Birkinshaw, 2008; Tushman and O’Reilly, 1996). This is possible through
creation of dual structures that provide universities with the simultaneous
capability for two different but interrelated activities, that is, achieving aca-
demic rigor and commercialization. These dual structures include academic
departments — the traditional academic part of the organization in charge of
scientific excellence — and Technological Transfer Offices (TTOs) — separate
entities within the organization that focus on the commercialization of academic
research by acting as brokers between academia and industry (Ambos et al.,
2008; Chang et al., 2009). Ambidexterity allows universities to combine
exploration and exploitation strategies. They can explore new avenues through
basic research and academic excellence while also exploiting the technological
knowledge accumulated over time at the local level, through applied research
that is more oriented toward the commercialization of scientific results. This
exerts a positive impact on the generation of regional knowledge and innovation
processes, which are affected positively by a mix of exploitation and explor-
ation of the existing technological knowledge.

The effectiveness of academic knowledge transfer is also affected by firm-
level factors. A key firm-level factor that can influence the effects of academic
research on regional innovation dynamics is the absorptive capacity of local
firms (Cohen and Levinthal, 1990; Fritsch and Kublina, 2018; Qian and Jung,
2017). The knowledge generation process requires a combination of diverse and
complementary capabilities of heterogeneous economic actors (Nooteboom,
2000). However, given the tacit and idiosyncratic nature of knowledge, such
a recombination process is not easy. Effective transfer of knowledge from one
organization to another requires the recipient organization to have a high
absorptive capacity for identifying, interpreting, and exploiting new knowledge
(Boschma, 2005).

In this vein, Laursen et al. (2011) showed that geographical proximity
increases the probability of collaboration between universities and firms.
Interestingly, they also found that such a result is stronger for firms with low
absorptive capacity. Unlike firms with high absorptive capacity, such firms may
not have the capacity or the resources to collaborate with geographically distant
universities. Firms with low absorptive capacity are thus more inclined to
wlonmes Tnnal umiversity nartners. However, the capacity of actors to absorb
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the same knowledge base are more likely to learn from each other. The effective
transfer of knowledge from a university to local firms is thus affected by the
degree of university—firm technological proximity (Boschma, 2005).

Finally, the effects of academic research on regional innovation dynamics are
also influenced by the presence of a socioeconomic context that enables university—
industry links (Braunerhjelm, 2008). Knowledge generation depends upon the
ability to effectively coordinate the knowledge recombination process and the
exchange of complementary knowledge among organizations within the local
system. Transfer of complex knowledge thus requires close relationships between
agents (Hansen, 1999; Cooke and Morgan, 1999).

In line with these arguments, Colombelli et al, (2021) developed an original
framework that identifies a taxonomy composed of four models of university—
region technological evolution. The taxonomy is based on two dimensions: (i)
the direction of technological evolution, which allows divergent processes to be
distinguished from convergent ones; and (ii) the leading role of local univer-
sities versus firms in the entry of a new technology, which allows region-pull
versus university-push processes to be identified. In divergent processes, the
technological specialization of universities and local firms follows different
trajectories (Acosta et al., 2009), while convergent ones are characterized by
increasing technological proximity over time between local firms and univer-
sities (Calderini and Scellato, 2005; Braunerhjelm, 2008). In the case of region-
pull processes, local firms exert the leading role and guide the evolution of the
local technological specialization (Coronado et al., 2017), while in university-

push processes, regional technological trajectories are driven by local univer-
sities through their entry into new technological fields (Calderini and Scellato,
2005; Braunerhjelm, 2008).

By combining these two dimensions, the taxonomy leads to identification of
four possible models of university-region that are influenced by the specificities
of the local universities (university exploitation versus exploration strategies),
the degree of innovation capability "and absorptive capacity of the local firms
(high versus low absorptive capacity), and the strength of the links between the

local firms and universities (tight versus loose innovation ecosystems). The four
models are:

* convergeni-region-pull processes in which the technological proximity
between firms and universities increases over time as the result of a tight
local innovation system sustained by strong university—industry links
(Hansen, 1999; Cooke and Morgan, 1999; Braunerhjelm, 2008). The process
is mostly pulled by local firms that have high innovation capabilities and is

ocnmnnrtad her canana _
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4.3 Kremer Complementarities in the Recombinant Generation
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a constrained choice and includes the well-known possibility that, within the
constraints of their relative costs, in order to increase output, it may be neces-
sary to increase the amount of external knowledge and reduce the amount of
internal knowledge, or the other way around. An increase of pecuniary know-
ledge externalities stemming from reduction of the screening and absorption
costs of external knowledge leads to reorganizing the knowledge generation
process with the fruitful substitution of (more) external knowledge for (less)

internal knowledge, which makes it possible to increase the knowledge output.

Yet none of the two inputs can be reduced to zero levels. The O-ring production
process seems the most appropriate representation of the recombinant gener-

ation of technological knowledge where substitution between the basic inputs

can take place but only within the well-defined limits dictated by the intrinsic

complementarity of the inputs (Kremer, 1993).

In sum, new knowledge can be generated, by means of the recombination of
existing knowledge items, when, where, and if:

(a) an intentional action directed toward its generation is undertaken. New techno-
logical knowledge does not fall like manna from heaven; a broad array of
activities is necessary to activate the recombination process. These include
R&D and learning activities, as well as other activities that are necessary to
access, retrieve, learn, absorb, and eventually reuse the knowledge that has
been produced in the past. This knowledge is stored in the stock of knowledge
and competence that each firm has accumulated, on the one hand, and in the
stock of knowledge that is external to each firm, on the other hand: this
contrasts with the passive attitude that normally characterizes prospective
users of technological spillovers. Learning activities are necessary in order to
exploit the technological knowledge that has been generated. And while R&D
expenditures cover only a subset of the broad range of innovative activities,
investment in intangible assets provides a reliable proxy for the broad array of
activities that are necessary to explore the existing stock of knowledge, both
internal and external to each firm, in order to master the recombinant gener-
ation of new technological knowledge and exploit it;

(b) the knowledge base of each firm is identified, and the role of previous
knowledge is fully appreciated. The knowledge base of a firm is identified
by the size and composition of the stock of knowledge that each firm has been
able to generate in the past. The knowledge base exerts its positive effects in
the long run and enters the knowledge generation function directly as an input;

(c) external knowledge is a crucial, indispensable input into the generation of new
technological knowledge. Because of the localized character of knowledge

T
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4.4 The Cost of Knowledge
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In this second step of our SSN, given the Jevels of innovative efforts (IE*)
identified in the first step, firms try and generate the maximum amount of
technological knowledge taking into account the unit costs (uc) of the broad
array of innovation activities and their Kremer complementarities.

The knowledge generation function (Equation 2) identifies the key determin-
ants of Ty, which is the amount of knowledge generated by each firm at each
point in time, as the dependent variable of four sets of independent time-varying

variables — the amount of formal R&D efforts; the efforts to mobilize learning,

including the levels of wages and human capital that are in excess of the short-

term labor productivity; the specific relevant characteristics of the internal
knowledge base; and the amount of external knowledge. Equation 3 identifies

the budget constraints:

T, = (R&Dy, LEARNING;, KNOWLEDGEBASEi,
EXTERNALKNOWLEDGE;) (2)

IE* = (UC(R&D), UC(LEARNING),
UC(KNOWLEDGEBASEL UC(EXTERNAL KNOWLDDGE))
(3)
In Equation 2 the output measure can be gauged by patents granted to each
firm and by a broader set of qualitative indicators that include the number and
relevance of innovations introduced.
From the knowledge generation equation it is possible to derive the
the key determinants of the unit cost (t;) of the

know-

ledge cost function that identifies
knowledge (T} generated by each firm at each point in time:

t, = INNOVATIVE EFFORTSu/ Tu- (4)

Equation (4) provides 2 suitable specification of the knowledge cost function
xt to the role of internal learning and R&D expenditures,

that accommodates, ne
h firm in terms of the levels of

appreciation of the knowledge base of eac
knowledge stocks used in the generation of new knowledge, and identification
of the key role of the knowledge that is external to each firm but available in
ximity. Specifically, we expect

regional, cognitive, and/or technological pro
on effort, unit knowledge costs

that, for given levels of endogenous innovati
will be lower the larger the size of the stock of internal knowledge and the larger

the pool of external knowledge that firms can access as well as its consistence

with the stock of internal knowledge.
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firms. Some firms are able to generate new technological knowledge with low
levels of current expenditure in R&D. Others experience very high levels of current
expenditure. The variance among the costs of knowledge is a fascinating area of
research. Specifically, study of the knowledge cost function helps us to grasp the
extent to which the cost of knowledge is affected by the availability of the full range
of inputs and their costs (Antonelli and David, 2016).
As soon as it becomes evident that R&D activities are not the only input into

the knowledge generation process (Gunday et al., 2011), each firm’s stocks of
existing internal and external knowledge acquire a new relevance as indispens-

able and strictly complementary mmputs (Antonelli and Colombelli, 2015a,

2015b). Knowledge inputs such as the amount of external knowledge that can

be accessed by firms to generate new knowledge are distributed unevenly across

space. Major institutional and structural characteristics affect the actual amount

of external knowledge that each firm can access and use as an input. The costs of
these inputs differ in turn because of variance in the conditions of access to the

available external knowledge (Cohen and Levinthal, 1990) and because of the

different characteristics of the local pools of external knowledge (Saviotti,
2007; Quatraro, 2010, 2012).

By the same token, firms differ widely with respect to the size and character-
istics of the stocks of internal knowledge that can be used to generate new
knowledge (Jones, 1995). Knowledge inputs and outputs also vary across firms
because firms differ in their specific levels of competence in managing the
knowledge generation process (Nelson, 1982). Inclusion of these variables
stems from identifying the recombinant character of the knowledge generation
process. It enables us to appreciate the role of knowledge indivisibility, as
articulated in the knowledge cumulability and the knowledge complementarity
that form part of its generation (Weitzman, 1996, 1998).

Pecuniary knowledge externalities exert their powerful and positive effects by
reducing the costs of upstream-generated knowledge that enters as an input into the
technology production function. The final effect is reduction of the costs of the
goods produced using knowledge as an input and hence an increase of productivity.

4.5 Operationalization of the Knowledge Generation Function
in the SSE Model

In the knowledge generation function, the knowledge output depends on the
endogenous extent of both the levels of innovative efforts identified by
Equation | and the conditions of access to the internal and external stocks of
knowledge. From this it is possible to assess the unit cost of the knowledge

O A [ i
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5 The Technology Production Function
5.1 Theoretical Foundations

]jht? foundation of the economics of knowledge rests on two pillars:
.(1) investigation of the role of knowledge in the production of all other oods.
1m1_)lf.:r.nented with the technology production function; and (ii) analysis if the
activities that enable generation of new technological knowledge by means of
the know?edge generation function. These two strands of the literature have
grown qU}te apart, although both strands confirm the importance of spillovers
After seeing their significance in the technology production function, we are;
now looking at the role of spillovers in terms of knowledge extemaliti;s in th
context of the knowledge generation function (Jaffe, 1986: Jaffe et al 199;

Boschma, Balland, and Kogle, 2014; Rigby, 2015). The empirical e;idence:

conﬁl.ms that spillovers play a significant role in both the technology production

function and the knowledge generation function (for a review of the literatur
see Antonelli and Colombelli, 2015a, 2015b). )
The path-breaking CDM approach has made it possible to reconcile these two
strands of the literature in a single framework by means of a systemic approach
when_a both the technology production function and the knowledge gen(l:ration
function are part of a single system of equations. Yet the CDM approach has not
been. used to investigate their sequential role for a long time. The literature
provides only a few attempts to integrate analysis of knowledge externalities in
the CPM approach. Ben Hassine et al. (2017) use a CDM approach, but include
analysis of spillovers only in the technology production function a,nd mak
effort to account for its endogeneity. o
B Along similar lines, Goya et al. (2013) do not include analysis of spillovers in the
1@ovat10n equation” as they claim that “investment intensity depends much more
on internal factors (such as availability of funding) than what other firms do” (p. 6
Lhuillery (2011) instead includes rivals’ stock of knowledge in the R&D e u(gt ;
but dloes not take into account the rol of spillovers in the technology pro?iuctigz
function. In sum, it seems possible to claim that little effort has been made. thus £
to talfe into account the role of knowledge spillovers in either the insnovatii;:],
equation or the technology production function (and productivity equations) of
the CDM system. Our SSE model is thus making a step forward ’

It builds upon Antonelli and Colombelli (2017), which provi'des an extended
CDM approach through which to analyze jointly the sequential effects of
knowledge spillovers in both the knowledge generation and the technolo
production functions. In a systemic and sequential approach, knowled egZ
generated in the knowledge generation function with the heneﬁ; of knnw]fd oe
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below equilibrium — becomes an endogenous input in the downstream technol-
ogy production function, where knowledge is an input next to capital and labor
in the production of all other goods.

This framework enables us to confirm the strong and positive effects on the
levels of output (and TFP) not only of internal knowledge but also of the external
knowledge — ready to be used again — that spills from other firms that cannot fully
appropriate it (Adams, 1990; Griliches, 1992). As the systematic and inclusive
reviews of Hall and Mairesse (2006) and Hall et al. (2010) show, the positive
effects of both internal knowledge and spillovers became one of the cornerstones
of the economics of knowledge. Knowledge spilling from third parties can be
used again and helps firms better to exploit their own internal stock of knowledge.

The SSE implemented by this Element allows us to grasp the sequential role of
spillovers in both the upstream knowledge generation function and the downstream
technology production function. The actual amount of technological knowledge
that enters the technology production function is an upstream a priori that depends
upon the extent to which firms try to cope with changing product and factor market
conditions by means of innovation efforts geared toward changing their products,
processes, organization, inputs, and markets. The actual amount of technological
knowledge that firms are able to generate, once they have selected their level of
innovation effort, depends upon the cost of the available external knowledge. With
a given level of innovation effort, firms based in a knowledge-abundant region
endowed with a large stock of technological knowledge that can be accessed at low
costs and has high levels of complementarity with the firms’ internal stock of
knowledge and competence can benefit from large spillovers with low absorption

costs and generate a large amount of new technological knowledge.

Focusing on knowledge cost enables us to identify the consequences of
knowledge externalities for the upstream generation of new knowledge as an
output and to assess their effects on the downstream technology production
function where knowledge is an input (Antonelli and Colombelli, 201 5b). The
stock of knowledge that is external to each firm contributes to the recombinant
generation of new technological knowledge. Because of its limited appropria-
bility, proprietary knowledge generated at each point in time spills out of the
command of the “inventors” and benefits other potential users. Inventors can
retain control over their proprietary knowledge for only a limited window of
time. Eventually, because of its limited exhaustibility and consequent substan-
tial cumulability, the knowledge produced at each point in time adds to the stock
of public knowledge, with a time lag due to the limited appropriation windows,
so that it keeps increasing. Knowledge spillovers help to reduce the costs of
external knowledge and engender pecuniary knowledge externalities when the
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equilibrium .levels. Consequently, the lower the costs of knowledge, as an
output, that is generated upstream with the benefit of knowledge externalities

the lower the costs of the
goods that are produced downstrea i i
m
knowledge as an input. B

5.2 Operationalization of the Technology Production Function

The tlechnology production function is a classical Cobb-Douglas producti

function enriched by inclusion of the stock of technological knowleg e (T) l(I)n
the “technology production function” introduced by Zvi Griliches ( 1959 1 9‘:9211
the stock of technological knowledge enters as a third nput: , :

¥ =KL,
(5)

In the standard specification of the technology production function, the stock of
knowledge (T) can be substituted with and by capital and labor according to the
levels of _the gser cost of capital (r), the unit wage (w), and the cost of the
te;:hgologwal input (t). Firms select, according to their output elasticity and
relative prices, the correct amount not onl i
/ y of capital and lab

stock of knowledge (T). bl orthe

The analysis implemented so far enables firms to overcome these limitations
In our approach the technology production function is specified as follows: |

Y = [K°LP17
) (6)

where T* :Z Tj.

In the amended technology production function, the levels of T*, the internal
stock of technological knowledge that accumulates vintages of, knowle;na
flows that are each generated at a particular point in time, are endogeno es -
th.ey are determined by the out-of-equilibrium conditions v:fith whichgeachuﬁ as
tr-les to cope. In our system of equations, T* is the sum of the knowl drm
vintages (Tj;) generated at each point in time (see Equations 2 and 3) o

In our aitpproach the stock of knowledge is endogenous as its gem‘aration i
predetermined upstream in the sequence of equations. The amount of endo :
technological knowledge generated is determined by the innovation effoftem})lus
take ‘p.lace when firms respond creatively, according to the out-of-e ui]ibsr't )
condltlclms and their own specific response capabilities, and, via the Izlowlelclllm
g?neratlon function, depends upon the available pecuniary I;nowled e ext ﬁe
ities. The endogenous stock of internal knowledge exerts a direct effeit o
levels but does not substitute for and is not substituted by any other in (1).3 e

The stock of technological knowledge that comes into the tel:;hl:lnln(rv
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substitutions. In the amended technology production function, the stock of
technological knowledge neither substitutes for other inputs nor can be replaced
by any other input: the existing stock of technological knowledge is the outcome
of the upstream steps of much a more sophisticated decision process.

6 The Knowledge-Intensive Direction of Technological Change
6.1 Theoretical Foundations

Advanced economies are becoming knowledge economies. The structure of
advanced Organisation for Economic Co-operation and Development (OECD)
economies has changed drastically since the end of the twentieth century with
the decline of the manufacturing industry and the emergence of the knowledge-
intensive business services (KIBS) that are at the core of early twenty-first-
century economic systems (Antonelli and Fassio, 2014, 2016).

The shift toward this knowledge economy consists not only in the rise of
KIBS and their partial substitution for the manufacturing industry but also in
the shift of the manufacturing industry, particularly of advanced countries,
toward knowledge-intensive manufacture (KIM). This KIM is replacing cap-
ital intensity as the key characteristic of the production process and thus
steering the direction of technological change (Antonelli and Feder, 2020,
2021a, 2021b).

Analysis of the characteristics of the knowledge generation process helps us
understand the increasing role of the knowledge base as an indispensable and
strategic input in the manufacturing industries of advanced countries. The
evolution of the manufacturing industry of advanced economies from the last
decade of the twentieth century through the first decades of the twenty-first
century is puzzling. The manufacturing industry’s share with respect to total
employment in OECD countries exhibits a strong decline from average values
in the region of 20 percent in the 1980s to 10 percent by the 2020s; its share with
respect to gross national product across the same time span and the same
countries has dropped much lower. The mismatch between the decline of
employment and the increase of output is accounted for by increases in TFP
and labor productivity.

Wage stability — and in some cases wage increase — in countries and
industries exposed to the strong increase of import from industrializing coun-
tries is not consistent with expectations based upon the dynamics of factor
costs equalization. The wages of importing capital-abundant countries are
much larger than those of exporting Jabor-abundant countries and should
decline toward average values that are influenced by the low levels of labor-
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not been working as expected: not only have the manufacturing industry wa
levels of advanced OECD countries not been declining but they h ctually
been increasing. sy
Final.ly, according to evidence, the total revenue share of labor has been
dejcreas.mg for the manufacturing industry as a whole at a very slow rate and
.w1th high levels of variance between and within national industries. For
fnstanct.e, it has been decreasing in countries like the USA and the UK- but
fncreas_mg in countries such as Germany, Ttaly, Sweden, and Denmark ar’ld in
industries such as fashion and engineering that are characterized by high level
of skill intensity and technological change that is based upon corng etens S
ac?ut_nulated by means of learning processes, and stirred by increasin pwa e:’
W1.Ih11?1 the manufacturing industry, many of the key sectors that are efhibitgin :
?1 significant increase of the labor share are also characterized by faster rates 0%“
mncrease of labor and TFP (Antonelli and Feder, 2020, 202 1b).
of course? interpreting the strong increase of capital intensity observed in the
?ast decade in some countries, especially in high-tech industries, should take
Into account the effects of the new growth accounting procedurc;s that, since
2008, have been implementing capitalization of knowledge (Corrado ,et al
2005, -2009). Capitalized knowledge as an intangible asset transforms a hi hl-’
labor-intensive activity such as research into the source of a major increasge iz
the capital figures of both national accounts and firms® financial eviden
Intangible assets now account for a large share of total capital figure c'e.
advanced countries, ranging from 20 percent in the USA and theg UKS -
15 percent in Germany and France. ¢
The limited exhaustibility of knowledge fully justifies the new accountin
procedures. The low depreciation rates of knowledge, however, have the “ narg
verse” effect of transforming labor into capital with a muItipIier,that folIov&lrJ' -
the standard 20 percent rate (Hall, 2005), fetches levels of around 3 p::rcent ;I]li
new accounting procedures for capitalization of knowledge are indl;cin
a strong shift in capital intensity. ¢
When capitalization of knowledge is taken into account, it becomes evident
that -the increased output elasticity of capital documented by a large amount of
jthe literature is actually determined by sharp increase of the output elasticit 0f
intangible capital that parallels decline of the output elasticity of tan ?bcl)
cap_ital. Since the end of the last century, skilled and research labor ca itaiz ;
as intangible capital has become the most important production tla)ictor:
advaljlced countries, far larger than tangible capital. Intangible capital — thaI:
now includes the wages of highly skilled labor in R&D activities — is actuall
replacing tangible capital (Antonelli, 2019a, 2019b; Antonelli and Pinniaiz
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This combined evidence recalls the Leontief Paradox that called attention to
the labor intensity of US exports in the central decades of the twentieth century.
The labor intensity of exports from the USA — a capital-abundant country by
definition, at that time — was at odds with the expectations of the Heckscher-
Ohlin framework of analysis of international trade, according to which US
exports should have been strongly capital intensive. Leontief (1953) and
Baldwin (1971) provided an articulated explanation of the puzzle, stressing
the role of technological change within the product cycle theory of international
trade. The competitive advantage of the capital-abundant US economy was
really based much more in the introduction of new products in the early stages
of their life cycle than in capital intensity. In other words, US products were
competitive in international markets primarily because they were new and
offered an array of new functionalities that substantially increased their con-
sumers’ utility, thus replacing old and inferior products.

In the early stages of product innovation, the production process is character-
ized by high levels of skilled labor intensity and low levels of capital intensity.
The scale of production of new products is still small and cannot yet rely on the
advantages of capital-intensive mass production. The wages and levels of
human capital of firms engaged in product innovation are much larger than
those of firms specialized in mass production.

The evidence of the structural evolution of OECD advanced countries sug-
gests that the Leontief Paradox is back and applies to the whole economy: firms
based in advanced countries specialize in skilled-labor-intensive goods rather
than capital-intensive ones as predicted by the theory of international trade.
Recent advances in the economics of knowledge and innovation provide the
basic tools with which to apply analysis of the Leontief Paradox to the emerging
knowledge economy in OECD countries.

The starting point consists in identifying technological knowledge as the
most abundant and a relatively cheaper input in the factor markets of advanced
countries. The knowledge-intensive direction of technological change is appro-
priate for at least two complementary aspects: (i) the relative abundance of
knowledge within the factor markets of advanced countries; and (ii) its relative
scarcity in the factor markets of competing industrial countries.

Advanced countries are characterized by their absolute and relative abun-
dance of technological knowledge. They command larger stocks of techno-
logical knowledge and stronger training infrastructures for generating human
capital. This abundance of the technological knowledge stock has the twin
effect of making technological knowledge relatively cheaper with respect not

anlv ta anv ather innnt in the local factor markets. including capital and standard
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The 1 i i
o e large llncre.ase 1-n the supply of human capital that advanced countries have
. en. ﬁexpenencmg since the second half of the twentieth century, brought about b
signiiicant numbers of baby-boomers e ing in uni : s
nrolling in universiti i
< : ! es, has contributed to
- ;:I:n;g t-he lreiztwe cost of human capital. The knowledge-intensive direction of
ological change in advanced countries i i i
A 1€8 18 appropriate for two distinct and
| tFlrs.t, an-d m9st important, technological change going in a knowled.
?n f:ﬂ;lve direction increases the levels of appropriability. Competitors bage(;
in industrializing countries can take ad i : N
: vantage of unintended leak
i . . eaks of techno-
knglcall cllcncswledsc,re: and spillovers triggered by the limited appropriability of
: (iw edge and try to imitate, although they will need to pay higher costs t
: . ) 0
plicate the @0wledge—1ntenswe production processes of the original in
ators (Antonelli and Feder, 2021a, 2021b, 2021c 2022a) o
S . ) . 2 b A
econd,f the knowledge-intensive direction increases the technological co
gruence of advanced countries and con i .
: : sequently their productivity level
' s. Th
rri:latl-orlshlp between relative factor costs and the ratio of marginal outp :
i ; utpu
to;i:;nmt); defines technological congruence. Output levels, for a given level of
cost, are sensitive to levels of technologi ,
e gical congruence: the larger th
;):npu.t elasticity of a cheaper input, the larger the output of a projuct' X
it ¢ . ‘ ion
couc tu:'m /;ss;rtl;lmg that knowledge is the cheaper basic input in advanced
ntries, both the output of a production functi
A nction and the output ici
that knowledge will increase (Antonelli, 2016) .
The transiti my in a
o effans.ltlon to a knowledge economy 1n advanced countries is faster and
er dectl\if; when and where firms are able to strengthen their knowledge
o i
o use owledge. as the. prime input of the production process. Increased
| ; ge as the key input is based upon a mix of R&D expenditures and
: S
earllzullg ([));ocesses that are in turn based upon efficiency wages and h -
capital. course, it matters when and R&D
. . where the effective mix
; of R&D
]e)g)endltures and learning takes place: the larger the wages, the larger th
a O . . . » ’ e
o hrrl cl)ut;_)ut elasticity. Efficiency wages feed the accumulation of localized
] o ch]::al knowledge and stir localized technological change that take
face v;fllt in the technical region where learning has been taking place Ths
! Bie ;
: rger the output elasticity of both labor and R&D expenditures, the large the
- : s 1 the
rease of total factor and labor productivity. Increased labor output elfsticity

is a direct proxy of the role of th i
e learning efforts that ¢
R&D expenditures to increase the knowled e Sundard

labor productivity and TFP. 56 fnfensity-and henoe, eventually,

Analysi i icati
o y51s_ (?f. changes in the organization of global value chains and th
selective division of lahor within and hatmasn e 11 e e
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performing firms in advanced countries. The activities retained within the
boundaries of firms are more and more skill and knowledge-intensive because
routine jobs assigned to low-skilled manpower at low wages, associated with
capital-intensive tasks and layers of the mass production value chain, are
outsourced to third parties based in industrializing countries. This process,
which Katz and Autor (1999) identified as routine-biased technological change,
is made possible by the adoption of information and communications technol-
ogy (ICT) both on the shop floor and in clerical activities, thus enabling a core of
skilled workers to control a globalized production process. These ICT-
supported changes in global value chain organization affect the composition
of the production process and reinforce the skilled labor and knowledge inten-
sity, coupled with the tangible capital and the low-skilled-labor-saving bias, in
the direction of technological change.

Recent advances in analysis of the classical induced technological change
approach provide an additional set of powerful arguments that help us grasp the
dynamics of the increasingly knowledge-intensive direction of technological
change in advanced countries. According to the traditional induced techno-
logical change approach, revived by Daron Acemoglu (2002, 2003), firms direct
technological change according to both changes in and levels of factor costs.
According to this approach, the direction of technological change is determined
by the search for intensive use of the factor that is locally most abundant and
hence has the lowest cost. The relative abundance of skilled labor experienced
by advanced countries since the end of the twentieth century accounts for the
skilled labor intensity of technological change (Antonelli, 2016).

Analysis of competition in the global economy helps us grasp the strategic
direction of technological change toward increasing appropriability levels.
Competition in the global economy takes place in quasi-homogenous prod-
uct markets between firms based in highly heterogeneous factor markets that
rely on highly differentiated production processes and input mixes. Firms
based in different countries — and regions — with different endowments and
different factor markets compete in the same product markets. Factor costs
equalization should drive factor costs toward convergence. Factor costs
equalization, however, yields its effects with substantial delays: heterogen-

eity is persistent (Baldwin, 2016; Baldwin and Lopez-Gonzalez, 2015;

Bloom et al., 2016).

In a static context, with a given technology and hence a given mix of output
elasticities, cost heterogeneity among competitors is itself an evident source of

competitive advantage: firms select the factor intensity of their standard pro-
. . e tieitoin sene aflanal Fantarc that are cheaner Tn a static
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in terms of competitive ili
e of con zt lowe:;s)sstfand profitability for firms that enjoy exclusive
In a dynamic context, cost heterogeneity becomes a powerful factor th
éhapes the strategic direction of technological change. Firms th ti)?r e
-1ntrotducti0n I?f new technologies toward intensive use o:f exclusive:a yet1 ac:;:]j
mputs — such as knowledge — that are availabl i e 1
markets can limit the negative effects of the limeitzzlzp;iot:fiaiﬁlrjnesnlf kilcmr
ledge. Competitors that cannot access the factor markets at the samttzy C(c: djt'ow-
can take z?,dvantage of knowledge spillovers but cannot replicate the . l(')iills
cost conditions of innovators. The exclusive and intensive nature of thspelf1 ;
factors — sych as knowledge — that competitors cannot access and u X ct eﬁp
same conditions stretches the duration of the competitive advantage f:h? ht 'e
:;s's e?ipssed to decline of appropriability and the consequent (nega%i\;e) e:;ec::
imita i
. 1ve entry on price, market share, performance, and profits (Antonelli,
abAr:jaIysis Zf the strategic direction of technological change toward locally
undant and yet exclusive knowledge input
increasingly knowledge-intensive dire%:tionpof feil;rllrfl;; ciaj}?aflhi ?t::(rmc? "
by firms based in advanced countries. Once more, the properties ff Ilcl:] . Iu;ed
both as‘ an economic good and as the output and input of a recoo“t})'e "
generaum? process are key to grasping the role of the strategic dir H: man;
technological change toward increasing levels of knowled ﬁtc o '0
(Antonelli, 2018a, 2018b). e ey
The ne\jv understanding of the strategic knowledge-intensive directi
tfacl.mologlcal change is a direct consequence of appreciating the effi e: e
hmlt-ed exhaustibility of knowledge, which favor accumulation of . tS Oi;(the
quasi-public knowledge. Because of its limited exhaustibility and ?'lts B
quent cumulability, knowledge is an endogenous endowmentyFirm; IS) COI:IS'C-
advanced countries have access to a large stock of technolo -ical k alsed .
?"ar larger than their rivals based in labor-abundant countries gThe k111] OWI oo
Intensive direction of technological change is thus both t}‘w cau, ow nge_
consequence of the limited appropriability and exhaustibility of kile aIl1 clthta
(Ij(nowlgd?e CESIS’ in fact, keep declining when the upward shift of th: :ejixiz
emand for knowledge, triggered b i i irecti
technological change, is sjiler thai tt}:; 1:11(13(\):]32?; _;E::‘? ilif ihdlrecuon o
knowledge triggered by its accumulation. A typical Schum ei S}lpply .
between the knowledge-intensive direction of technologicalp cl‘:;;a;e lzzz

the a i ' i
ccurnul.atlon of increasing stocks of technological knowledge feeds th
knowledge intensitv of the creative recnanca whink fw se .- . ©
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cost asymmetries that favor new waves of knowledge-intensive creative

responses (Antonelli, 2018a, 2018b).

The resilience of knowledge cost asymmetries becomes, for firms based in
advanced countries, a powerful incentive for directing technological change
toward intensive use of knowledge as an input. The globalization of the
economy and the sharp differences among competing countries with respect
to the size, composition, and conditions of access to and use of the domestic
stock of quasi-public technological knowledge have major effects on the direc-
tion of technological change. Firms based in advanced countries and engaged in
international product markets have strong incentives to increase the knowledge
and human-capital intensity of their production processes because they can
enjoy larger pecuniary knowledge externalities and generate knowledge at

costs that are far lower than those of their industrializing competitors in global

product markets.

6.2 Operationalization of the Knowledge Intensity
of Technological Change

The analysis implemented so far is synthesized by Equation 7, which accounts

for the direction of the technological change as measured by v, the output

elasticity of technological knowledge in the technology production function

(see Equation 5). The output elasticity of the stock of technological knowledge
v, which is the cheapest input in advanced countries, will be larger the larger the
cost of labor (w) and the rental cost of capital (r) with respect to the cost of
knowledge in advanced countries and the larger the ratio of the cost of know-
ledge (1) in industrializing competitors (IC) in global product markets with
respect to the cost of knowledge in advanced countries (AC):

(7)

YaCc= W/tAC’ T/tAC1 th‘/tAC'

7 The Performance Equation

Our SSE is composed of five layers of analysis that can be summarized as
follows. First, the innovation equation analyzes how firms choose whether to
engage in innovation efforts by performing R&D activities and stirring learning
by doing by means of efficiency wages and, if so, by how much (see Section 3).
Second, the knowledge generation function explores how knowledge as an
output depends on both the extent of the firm’s own R&D and learning activities
and the crucial role of knowledge externalities (see Section 4). Third, the
technology production function explores the role of knowledge as an input
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Fourth, analysis of the direction of technological change enables us to assess the
determinants of the increasing levels of knowledge output elasticity in the
technology production function (see Section 6). Finally, fifth, the performance
equation, described in this section, enables us to frame the joint effects on
productivity of the reduced knowledge costs triggered by the broad array of
knowledge externalities explored so far (Antonelli, 2013; Antonelli and
Gehringer, 2016).
This last step in the SSE is where TFP is determined by the endogenous cost
of knowledge, which is the result of the estimated expenditure levels of R&D
and learning activities and the knowledge output of the knowledge generation
function. This specification of the performance equation enables us to account
for the twin effects of the upstream knowledge externalities via the reduced
costs of the knowledge generated internally. Spillovers exert their effects in
Equation 3 and help to produce more knowledge. The larger the levels of
pecuniary knowledge externalities, the larger, within a given budget, the
expected output in terms of new knowledge and, consequently, the lower the
costs of knowledge. The low costs of knowledge — reduced by the positive
effects of knowledge externalities in the upstream generation of knowledge
below equilibrium levels — play a positive role in accounting for the levels of
productivity in downstream activities.

The introduction of productivity-enhancing innovations depends upon the
extent to which firms can rely upon actual observed knowledge costs (t,) that
are below equilibrium levels (t;). The observed cost of technological know-
ledge can be lower than its reproduction costs because of the pervasive effects of
the limited appropriability and exhaustibility of knowledge spilling in a highly
qualified context that reduces absorption costs. When t; > tg, a creative
response can take place: the response becomes actually creative because it is
supported by pecuniary knowledge externalities,

This is the final result of our analysis: let us assume that an economy is in
equilibrium at time 0; then, changes in product and factor markets — driven by
oligopolistic rivalry, changes in aggregate and product demand levels, and
changes in factor markets trigger out-of-equilibrium conditions at time 1.
Firms implement their responses and make new innovative efforts. When the
cost of knowledge is close to its reproduction levels because relevant absorption
costs limit the actual effect of potential pecuniary knowledge externalities, there
is no room for any creative response: firms are able only to introduce novelties

that enable them to move on the existing map of isoquants. However, when the
cost of knowledge is below its reproduction levels because the positive effects
of pecuniary knowledge externalities are laroer tham fhair ahecemsi e~ oo
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generation of technological knowledge at costs below equilibrium levels Sup-.
ports the introduction of actual productivity-enhancing innovations (Antonelli
and Feder, 2022b).

This leads to the final equation of the SSE model where TFEP, that is, the ratio
of the actual to the equilibrium output, is directly related to the ratio of the
equilibrium level (t;) of knowledge costs to the actual observed cost of techno-

logical knowledge (t;):

TFP = (tg/ to)- (8)
When the equilibrium (reproduction) cost of knowledge is larger than the actual
generation costs supported by pecuniary knowledge externalities, te > to and
so TFP > 1. Firms caught in out-of-equilibrium conditions in their product and
factor markets can implement a successful creative response in terms of
increased TFP.

The actual cost of knowledge can be regarded as an emergent property of the
system into which firms are embedded. The creative response of firms is .e‘mb'ed—
ded in the conditions of the system on three counts: (i) the out-of-equilibrium
conditions of product and factor markets; (ii) the levels of pecuniary knowledge
externalities that are available at the system level; and (iii) the complementarity of
the local and the internal stocks of technological knowledge.

The system is in equilibrium when the total cost of innovation effort equals it.s
output. Innovation effort adds to output exactly its equilibrium value. In this
case the actual outcome of the innovation effort is novelties, which differ from
innovations. Novelties affect the characteristics of products and processes but
do not increase performance and specifically do not augment TFP.

When the actual unit costs of the knowledge stock (to) are below equilibrium
level (tg> to), because of the pervasive effects of the limited appropriability afld
exhaustibility of knowledge and the complementarity of its composition with
respect to the internal stock of knowledge of each firm, the output of innovation
effort is larger than its equilibrium levels. The output of innovation effort is larger
than its costs, too, and enables the introduction of effective productivity-enhancing

innovation. In this case, firms caught in out-of-equilibrium conditions in their
product and factor markets can implement a successful creative response and reap
the advantages of pecuniary knowledge externalities in terms of increased TFE.’. .
When appropriability is strong and augmented by the de facto appropriz.tblllty
triggered by a strategic direction that is biased toward intensive use of mput‘s
that are not only locally cheaper but also primarily exclusive because competi-

tors and imitators are based in different factor markets where the strategic input
- Al e —tnala a lasma and racilient chare of the
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augmented levels of TFP and profitability. When appropriability is low and
ﬁ@s can retjain only a small fraction of the economic benefits stemming from
the introduction of productivity-enhancing innovation, and the transferability of
knowledge is not limited, performance is much larger at the system level than at
the firm level.

The risks of Arrovian market failure are large when the transferability of
knowledge is expensive because of heavy absorption costs for all but a few
ﬁms that are able to fully benefit from free spillovers. Free spillovers for a few
Twals are sufficient to radically reduce appropriability and hence incentives to
introduce innovations, but the system cannot benefit from the limited transfer-
ability that would provide large knowledge externalities to all firms.

8 Conclusions: Schumpeterian Loops

This Element has presented a comprehensive and inclusive evolutionary approach
to economics that appreciates the complexity of the dynamics of economic systems
bas'ed upon the variety of agents credited with the capability to generate techno-
lo gcal kno_wledge and introduce innovations. This creative response is the outcome
of interaction between firms exposed to out-of-equilibrium product and factor
market conditions and the possible support provided by the system with respect
to generating and using technological knowledge.

The approach has been implemented by an SSE that enables us to stress the
endogenous emergence of the key variables under the control of the actual
amf)unt of knowledge externalities available in the system: endogenous levels
of innovative efforts yield the generation of endogenous technological know-
ledge that enters the technology production function and affects, according to its
costs, the actual levels of TFP and profitability. ’

T.IllS approach applies to analyzing the working of economic systems at large
but is especially suited to understanding the dynamics of the global econom
The fast increase of globalization of economic systems has led to a new an{i
cha.lllenging competitive context in which firms based in factor markets charac-
terized by strong and resilient elements of heterogeneity compete in quasi-
f%omogenous global product markets characterized by monopolistic competi-
tion. The tension between the resilient heterogeneity of factor markets and the
homog'eneity of international product markets is a powerful engine toward the
dynamics of the creative response.

The dynamics of the creative response are shaped by Schumpeterian loops
v'vhere the historic sequence of feedback is crucial to understanding their evoli—
tion. At each point in time firms try to elaborate a response to the mismatch

hetiroan avenntad man doece o1 0 N
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Firms act strategically and identify the amount of innovative effort they can
mobilize to introduce changes in products, processes, organization, input mixes,
and markets. Their innovative efforts enable them to feed the recombinant
generation of technological knowledge. Its outcome is contingent upon the
size and composition of the stock of technological knowledge accumulated
within the borders of the firm and the size and composition of the stock of
external knowledge to which the firm has access. There being the right condi-
tions of access to and use of the stock of quasi-public knowledge is crucial in
supporting the persistence of the Schumpeterian loops.

External and internal knowledge are complementary and indispensable inputs
that qualify innovation efforts. When the conditions of access to both the internal
and the external knowledge stocks enable firms to benefit from relevant pecuniary
knowledge externalities, the response of firms is creative. When the conditions of
access to and use of the stocks of knowledge do not enable firms to generate new
technological knowledge at costs that are below equilibrium because of missing
knowledge externalities, the response is just adaptive and firms introduce novel-
ties but not productivity-enhancing innovations.

The creative response, instead, enables firms to increase performance in
terms of productivity, profitability, and growth rates. It enables them to increase
profitability when they can direct technological change toward intensive use of
exclusive inputs that are locally available at low costs but cannot be used, at the
same conditions, by competitors. Being able to strategically direct techno-
logical change enables firms to contrast the negative effects on profitability of
the limited appropriability of knowledge. In advanced countries that are
endowed with large stocks of technological knowledge, directing technological
change toward knowledge-intensive activities enables firms to counteract the
aggressive competitive pressure of firms based in labor-abundant countries
(Antonelli and Fassio, 2011).

Innovation efforts and their successful use in the generation of new techno-
logical knowledge have the twin effect of triggering new out-of-equilibrium
conditions in global product markets that in turn trigger new responses from
competitors and changing not only the size and composition of the stocks of
technological knowledge but also their access and use conditions. Creation of
new sources of pecuniary knowledge externalities in turn affects the chances
that firms’ response will be creative.

The dynamics are clearly shaped by path-dependence — as opposed to past
dependent trajectories — that can yield persistent positive outcomes in terms of

fast rates of introduction of technological innovations as well as decline. The
Aemininn ~fdln nima and ramnncitinn afthe atneke nflenowledoe as well as of the
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. At each point in time, in order for a firm to flourish it is necessary for it
implement forward-looking strategies that are able to sup onala;y : lt' .
response by: (i) identifying local sources of technological ll:nowledc re:d “'/'e
strengthening the knowledge governance mechanisms that augment th ge’ l('u)
an(.i viability of the knowledge interactions among economic agents ae gl?a Ir'y
tutions; and (iii) selecting appropriate directions for technologiial cha?x n:;tl;
augment the chances of long-lasting exploitation. Although past (:ondit'gc ;
both the system and the individual level, heavily affect the conduct aiins, N
formaflcm of agents, small events may improve or deteriorate the actual levelper;
pecuniary knowledge externalities and sustain or stop the Schumpeterian 1 o
When‘ firms’ responses, including generation of new technological kno logps-
negatively affect the actual levels of pecuniary knowledge extemali: . :3; ,
Sch_u!npelerian loops are discontinued and the system converges to o 'e
equilibrium levels with no growth. e
In the evolutionary complexity of this approach, knowledge and innovation
are emer-'gent properties of the system that may explain and support each oth S
confr_astmg the intrinsic thrusts of competitive forces toward convergen ez
equilibrium. They are more likely to take place when agents are ablegt f:e aln
ment effective coalitions based upon convergent research strategie th0 ﬂ?p .
recombinant generation of new technological knowledge g e
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