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62 A.NARDUZZO

focus their attention on the proper way to use it (e.g. sequence of actions to
perform, buttons to press, input to give).

Looking at individual’s behavior it is natural to emphasize the individual
dimension of expertise; nevertheless, individuals skills are often a result of
social interactions. Technicians involved in the maintenance of the air-condi-
tioning system behave according to a reliable and standardized routine which
is a social product. Cognitive artifacts work as means that reinforce the routi-
nization, define some accepted practices and constrain team experience on
common bases.
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TECHNOLOGY, CODIFICATION OF KNOWLEDGE
AND FIRM COMPETENCES

Margherita BALCONI !

Résumé

A partir de I'expérience de la codification dans la métallurgie, cet article
examine la nature du savoir-faire technologique en vue d’une conceptua-
-lisation. Aprés avoir examiné les différentes acceptions du terme
« tacite » dans la littérature économique, il présente une taxinomie des
approches utilisées pour produire de nouvelles connaissances. Elle per-
met de comprendre la différence entre science et technologie. Les déter-
minants de la vitesse du mouvement de codification des connaissances
technologiques et organisationnelle sont discutés et Pintérét des compé-
tences tacites, complémentaires des compétences s’ appuyant sur des con-
naissances codifiées, est mis en évidence.

Abstract

Drawing upon the historical experience of the codification of steel tech-
nologies, this paper discusses the nature of technological know-how in
general terms. After examining the meanings of tacitness in the economic
literature, it presents a taxonomy of the approaches used in generating
new knowledge, useful to understand the diverse nature of science and
technology. The determinants of the pace of codification of technological
and organisational knowledge are discussed and the roles both of forma-
lized training and of tacit competences complementary to a codified
knowledge base are highlighted.

INTRODUCTION

The conceptualizations and propositions advanced: in this paper have been
largely inspired by the recent transformations of the technological base of the
steel industry, which occured under the impact of the progress achieved in
electronics, the increasing provision of instruments of measurement and the
broad application of computerized automation. On the one hand a few revolu-
tionary new technologies have appeared (like thin slab or strip casting, conti-
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nuous annealing, new galvanizing methods), which could not even be
conceived without the advances in instrumentation, electronics and automa-
tion, and on the other hand the operation mode of traditional ones has been
transformed through the application of computerized automation. On the
whole, there has been an almost complete —or at least very far reaching— elimi-
nation of the role directly played by human action and skilled evaluation in the
routine production process, and its substitution by instrument measurement
and automatic equipment operation managed by software. Modern technology
implies doing things infinetely more powerfully than human abilities, strength,
rapidity and memory would enable. The transfer of production skills from man
to software has been allowed by codification of production knowledge on a
staggering scale.

During the Twentieth century, after the introduction of the technologies
characterizing the Second Industrial Revolution, steel production and steel
semi-finished products fabrication continued to rely heavily on human tacit
skills. Tt was not until the Seventies that technical abilities started to be
“shifted away” from workers (Tomiura, 1996) and embodied in the software
developed to operate computerized equipment. For example, the skills in esti-
mating the carbon content of molten steel by watching the sparks emitted from
the liquid metal, or the temperature of molten steel from the colour of flames,
being no longer required, have disappeared. Production workers have become
pulpitists, namely controllers who must incessantly check on a range of
computer displays (mounted on pulpits located in special sound-proof, pressu-
rized rooms) that process parameters are kept at the right values.

A fundamental trajectory of innovation has been the elimination of interrup-
tions in the production cycle and its transformation into a continuous in-line
process. This has led to higher complexity and sophistication of the new
compact plants, along with the increasing automation and reliance on software
to integrate the various steps, traditionally disjointed.

The problem raised in this paper is whether the kind of historical evolution
very briefly sketched above —whose degree of generality among the various
sectors should be assessed through a broad investigation— can be interpreted
through the conceptual tools developed by economic theory. In my opinion,
the conceptualization of technology requires a critical reappraisal; the role of
tacitness and of humans skills has to be restated and the relationship between
science and technology needs a better understanding.

This paper is organized in the following way. In section 2 the various

notions of tacitness emerging from the economic literature are distinguished
and redefined, in order to avoid misunderstandings in the following discus-
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sion. Section 3 presents a conceptualization of technology that can account for
difficult transferability, without relying on the purported tacitness of tech-
nology itself. Section 4 illustrates some particular features of technological
knowledge and of its generation that distinguish it from scientific knowledge;
the importance of in-house technological capability is also emphasized.
Section 5 sheds light on the need for firms to invest in training the workforce,
since codified know-how is no longer learned by example from the master, and
at a higher level to form experienced problem-solvers (both specialists and
knowledge integrators). Section 6 discusses the economic forces determining
the extent of codification of technological knowledge, while in section 7 some
features of the codification of organizational knowledge are briefly introduced.
Some conclusions are drawn in section 8.

MEANINGS OF TACITNESS

The notion of tacitness (synthesised by Polanyi in the phrase “We know
more than we can tell”) has been imported into the economic literature by
Nelson and Winter (1982) and has become a locus classicus in the evolu-
tionary thought !, which has considered tacitness a fundamental property of
technology. Recently, a debate has taken place about the extent of codification
and the importance of tacit knowledge in contemporary economies (Foray and
Lundvall 1996, among others).

The idea developed in this paper is that the concept of tacitness emerging from
the new literature may be the starting point for understanding why technology
transfer is difficult (though in many industries less than in the past), whilst
accepting that technological know-how is well defined and fully codified.

I shall then proceed to distinguish the various meanings of tacitness, and the
shift which has occured in firms’” knowledge bases from one characterized by
tacitness in a strong sense to one characterized by codification supported by
tacit competences (in my terminology, tacitness complementary to codifica-
tion). It thus becomes possible to grasp the transformation of the knowledge
requirements of firms and the new forms of organizational memory.

First, the distinction has to be drawn between three main conceptualizations
of tacitness:

A) Tacitness in a strong sense.

It refers to technical skills whose acquisition requires the imitation of a
master by the apprentice and a long-lasting practical application and experi-
ence (Rosenberg 1976, p.155). They cannot be transferred simply by symbolic
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communication, as the rules followed in the skilled performance are not pre-
cisely known and articulable. These skills include: i) the content of those parts
of technological knowledge which, as yet uncodified, are person-embodied.
Why given actions yield certain results is unknown, or how certain phenomena
are evaluated is not explainable; it is about doing things (Cohendet et al.,
1993) and/or measuring phenomena without the proper scientific instruments.
The content of these tacit skills might not be codifiable at a given point in
time, but become codifiable later at certain costs, due to advances in general
knowledge and to the availability of instruments of measurement and compu-
tation; ii) those manual tasks that require dexterity, like typewriting or sewing.
A number of these manual tasks has been eliminated fout court: sometimes
they have been substituted by automatic execution performed by machinery,
while at other times automation has brought the introduction of entirely new
ways of doing things.

B) Tacitness complementary to a codified knowledge base.

It implies the interiorization of well defined and articulated (or at least
easily definable and articulable) rules and knowledge, and the ability to apply
them unconsciously or intuitively. I define intuition as the skill in rapidly
recognizing in simple cues patterns that have been recorded and become
familiar through study and past experience (March and Simon, 1993) and in
envisaging new procedures and directions of development that lead to the crea-
tive (and codified) solution of problems as yet unsolved. Such intellectual
skills are acquired through both theoretical study and experience. Though the
ability to retrieve stored knowledge and to apply it in new directions (e.g. in
proving a new theorem or in designing a new kind of car etc.) is not reducible,
in itself, to well-defined algorithms or well-defined rules of search (Dosi,
1995), however such capability draws upon codified knowledge and generates
new codified knowledge in the form of scientific discovery and technological
innovation. It is a tacit, intellectual competence which is complementary to a
codified knowledge content.

C) Purported tacitness.

It refers to the situation whereby a given piece of knowledge is not dis-
closed, though codifiable, where “codified” means “reduced and converted
into messages that can be easily communicated among agents”. Thus, codifi-
cation is the step which logically precedes disclosure, and one might well be
able to codify or to diclose the knowledge possessed, but prefers not to. In this
sense, also scientific knowledge might be tacit, whereas according to meaning
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A, the attribute “scientific” is inconsistent with tacitness, by definition 2. At
the extreme, the term tacit is used to mean “secret”. “The extent to which
knowledge generated in various fields gets codified for packaging as informa-
tion, rather than retained in tacit form, will reflect the reward structures within
which researchers are working, as well as the costs of codification” (Dasgupta
and David, 1994, p. 494) 3.

Finally, at the level of the organization, the term tacitness is used to charac-
terize recurring action patterns or routines which are not deliberative choices.
(Cohen et al., 1995). However, the fact that routines are uncounsciously and
automatically applied by the agents does not mean that the routines themselves
are tacit. For example, the codification of routines and procedures accom-
plished by firms in order to obtain quality assurance by the standard ISO 9000,
does not mean that these routines are ususally applied by deliberative choices.

THE CONCEPTUALIZATION OF TECHNOLOGY

Having shed some light on the meanings of tacitness, I can now easily dis-
cuss the two contrasting views developed by economic theory as to what tech-
nology is. On the one hand the neocassical tradition (Arrow, 1962) has
depicted technology as a set of well-defined blueprints and considered it easily
transferable and generally applicable information, whereas, on the other hand,
the evolutionary school has stressed the attributes of cumulativeness, specifi-
city and tacitness, and the importance of firm in-house technological capabili-
ties “in order to recognize, evaluate, negotiate, and finally adapt the
technology potentially available from others” (Dosi, 1988). The tacit aspect is,
following this view, related both to the purportedly “poorly defined” know-
how and to the problem-solving activities involved in the use of technology.

In this section it will be argued that neither conceptualization of technology
is fully acceptable, even though the main conclusion of the evolutionary
approach, pointing to the importance of in-house capabilities, is correct. Inte-
restingly, this same conclusion will be drawn abstaining from considering
tacitness an inherent characteristic of know-how.

The starting point is that the empirical observation of the changes yielded by
computerization (and briefly illustrated in the introduction) invalidates the
statement of tacitness as an inherent characteristic of technology as far as
know-how is concerned. Overwhelmingly, know-how has ceased to be person-
embodied, is codifiable and has been mostly codified, and is transmissible as
information. However, why this emerging stylized fact (that will increasingly
shape the future) does not eliminate difficult transferability can be accounted
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for considering: 1) the specific nature of technological information and, rela-
tedly, the conditions underlying its understanding and mastery; ii) the prob-
lems entailed in negotiating its transfer, given the asymmetric position of the
transferor and the transferee; iii) the difficulties created by its use in a context
different from that of its generation; iv) the conditions for its adaptation and
development. In this view, tacitness re-emerges as a characteristic of the
human capabilities needed to use and to generate codified technology (hence
complementary to the contemporary mostly codified technological knowledge
base). The reliance on tacit competences is a sufficient condition to account
for the empirical evidence of difficult transferability of technology.

TECHNOLOGICAL INFORMATION AND KNOWLEDGE

That information has to be distinguished from knowledge has been repea-
tedly stated by evolutionary economists. Here the difference between the two
concepts is illustrated with specific reference to the technological domain .

I define technological information as a “knowledge item”, or “a piece of
knowledge” reduced into a communicable form, and removed from its wider
context, but implying it. A knowledge item is meaningful only within its wider
knowledge context, which entails some specific language (code), some world
view stating a few fundamental principles and assumptions, some theory
expressing the basic insights, and some specific methods that enable one to
perform operations. In this definition general knowledge is person-disem-
bodied, codified, corresponding to what is publicly known about a certain
domain at a given point in time. Since the communication of information
clearly does not entail the transmission of the general knowledge involved, the
possession of this general knowledge on the part of the information recipient is
a precondition for understanding the information itself (i.e. what certain blue-
prints mean), and learning to use the new technology. That in order to achieve
any knowledge improvement (which is a step-wise process) through the
learning process activated by new information, the latter must be compatible to
the learner's prior knowledge (or background knowledge), is well known in
artificial intelligence (see Michalski, 1993). Background knowledge is pre-
cisely what the learner (i.e. the firm adopting the new technology) already
knows (i.e. the set of the various parts of general bodies of knowledge that are
possessed). In the technological domain, a firm's prior knowledge is mainly
person-embodied 5. Only in the sense of being stored in the brain of some
knowledgeable people, and automatically retrieved in order to activate the
understanding of the new information and learning, can background know-
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ledge be considered tacit, its content being instead mostly codified and learned
through formal training and experience.

Concisely putting what argued above, the following proposition is asserted:
the understanding and absorption of new technological information requires
compatibility between the general knowledge contextual to it and the back-
ground (tacit) knowledge possessed by the recipient. From this angle, codified
and tacit knowledge are complements and not substitutes (Foray and Cowan,
1997).

However, in a more general perspective, one has to recognize that a mean-
ingful part of the contemporary codified knowledge base is a substitute for the
older tacit technological knowledge base, even though a presumably even
larger part of the new knowledge generated by scientific discovery is a direct
expansion of the codified knowledge base.

TECHNOLOGY AS INCOMPLETE INFORMATION

In the transfer of information concerning a new technology and its related
know-how, one crucial point to consider is the “amount” of information trans-
mitted. Since, as will be argued, what is transmitted is incomplete information,
attention has to be drawn to the extent of such incompleteness.

This aspect is to be addressed in a Williamsonian framework, stressing the
importance of opportunism in transactions between self-seeking agents aiming
at maximizing the profits obtainable in the exchange.

The transferor, after his technology has been chosen among a few similar
ones, acquires a position of power over the transferee. This position can be
easily exploited if, after signing the transfer contract and during the adoption
stage, the buyer discovers that further information is required in order to
realize the expected performance. The new transfer(s) of information might
then be monopolistically priced by the supplier. Obviously, the technology
supplier might be a monopolist from the outset, but whereas before signing
any transfer contract the buyer is free to choose whether or not to make the
deal, ex-post he might be compelled to accept a further very unfavorable offer,
if he considers it necessary to implement the adopted technology.

This ex-post advantage is an incentive to the supplier to convey scanty and
incomplete information in the principal negotiation, in order to create the need
for a supplementary highly priced new transfer. Even if such an opportunistic
hold-back is not resorted to, usually only the basic know-how is transmitted,
since no free lunch is offered by the seller and also the buyer is intended to
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spend as little as possible and to perform himself the required developments
later.

Thus, the buyer capability to understand and to express correctly at t}‘le
outset his/her needs of information (what to ask for) is extremely important, in
order to avoid a risky dependance situation.

TECHNOLOGY AS LOCAL AND SPECIFIC INFORMATION

A costly illusion often held by technology buyers is that what has bee.n
bought is applicable as such in the new local context, with no significant modi-
fications. But a technology is a device to transform inputs into outputs fol-
lowing some prescriptions, and a situation cannot be envisaged whereby two
firms, usually located in different areas or countries, use exactly the same
material inputs to produce exactly the same range of outputs of the same
quality, since each one has to meet at least slightly differing user needs.‘ln
addition, the cultural and educational level of the workforce usually varies
among firms, and it is normally higher at technology suppliers than at tech-
nology buyers.

The problem arises since any technology embodies in its genera?ion some
unaware assumptions about the conditions of its use, and the effectlveness‘ of
the prescriptions sold as know-how depends on whether such un.derlymg
assumptions hold. Which among them holds is unknown by the part1e§, who
are also unaware of their existence and importance. Moreover, the supplier has
little interest in highlighting this problem, since if things do not work for the
transferee, more information might be requested and some problem solving
elicited, on which further profit can be extracted (see above).

The more sophisticated the plant, the more important is the cultural and edu-
cational level of the workforce charged with its operation. An inadequate level
might be an unexpected and unsurmountable obstacle to the realization of the
same level of efficiency or product quality of the transferor.

SOME FUNDAMENTAL FEATURES OF TECHNOLOGICAL
KNOWLEDGE AND ITS GENERATION

The discussion above suggests that to absorb information from external
sources a firm has to generate new knowledge in-house (Cohen and Levinthal,
1990). In fact it is necessary to carry out some adaptation of the “i@ported”
technology to local conditions (or even some debugging and design improve-
ment) and to develop know-how (creating new operating procedures), in order
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to satisfy user needs, and in a longer time span, to improve the quality of pro-
ducts and broaden their range. The building of an in-house capability of “new
knowledge generation” and, more generally, of problem-solving is thus a pri-
mary task of firms, at least in the industrialized countries, where competitive-
ness cannot be grounded on low input costs, but the cultural level and
education of the labor force permit specialization in the high quality end of the
market.

Before addressing this question, I shall briefly discuss some general features
of knowledge generation in the technological field that bear significant impli-
cations on the type of problem-solving capabilities required by firms and
throw some light on the difference between science and technology.

With the exception of directly science-based technologies (like biotechno-
logies), a great number of technologies achieve their production goal even
though many of the physical transformations they perform are not scientifi-
cally grounded, the phenomena taking place not being fully understood.
Hence, in the searching activity pursued to create a new technology, the use of
computers to simulate processes is limited, and much trial and error experi-
mentation has to be conducted, even though simulations play a crucial role in
the initial stage, enabling the screening of the various designs and the choice
of which one to develop on a full scale (Pisano, 1996). However, the transfer
of the results obtained in the laboratory to full scale objects (or plants),
working in real conditions, remains highly uncertain, time-consuming and
costly.

In the course of the full scale development of a new technology, even if
problems are faced in a formalized way, by building models, quite frequently
the reasons why a given solution works, rather than others which are theoreti-
cally admissible, remain unknown. Thus the solution working in practice is
adopted, the definite proof (i.e. the underlying physical law) of its correctness
not having been found. The puzzle brought to light might then represent an
interesting subject of scientific investigation and stimulate the involvement of
the scientific community ©.

In the following table a synthetic taxonomy is presented which distinguishes
different types of approach used in generating new technological knowledge
on the basis of two criteria: a) whether or not they rest on an articulated and
even formalized solution to the production problems met, and b) whether, in
addition, the reasons why a given solution works are understood. In this latter
case generalizations are allowed, and it also becomes possible to understand
how a different plant could function.
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Types of approach used in generating
new technological knowledge

Tacit Empirical ~ Scientific 7

Types of problem solution
Formalized, articulated no yes yes
With understanding of the causes no no yes

At present, I suggest that (like in the steel industry) most of the knowledge
embodied in new technologies is of the empirical kind ®.

Another fundamental feature of technological knowledge (contrary to scien-
tific knowledge), is its intrinsic multidisciplinarity. Any full scale plant reali-
zation requires, besides a specific domain's knowledge content (be it
metallurgy, chemistry or other), notions of automation, electronics, electricity,
mechanics and engineering. Hence an integrative capability, which is person-
embodied, is badly needed to carry out innovation.

The ability to conduct an articulated problem-solving activity, oriented to
understanding the causes of the events, and supported by the integration of
specialistic knowledges, is needed not only by the innovator, but also by the
“adopter/adaptor” of an innovative technology. Clearly, the innovator will be
endowed whith broader resources specialized in the task of searching (com-
manding also an ample competence in engineering, which may be lacking at
the adopter), but the presence of similar capabilities, even if on a smaller scale,
is necessary to the adopter as well.

Both with the innovator and with the adopter engaged in the adaptation and,

development task, integrators usually play a prominent role as top technolo-
gists, and, since their judgement is required to make the crucial technological
choices, the top managerial position in the plant (or in the firm itself) is com-
monly held by one of the most talented and experienced among them. Such inte-
grative skills are tacit, and they should be supplemented by the relational skill
needed to coordinate the various specialists (in automation, electronics, elec-
tricity, mechanics), who cooperate and interact in the problem-solving activity.

With regard to the adopter, the problem-solving capability is distributed in
the firm at various levels. One finds a sort of hierarchy of problem solvers,
with at the top the integrators, then the specialists who may be located in
various functional departments (R&D, maintenance, quality, technical office),
and at the bottom production operators.

Unexpected breakdowns and accidents require the assistance of skilled
maintenance people, specialized in the various fields, able to understand such
unrecurring events and to find out the way to address them. In the most diffi-

e
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cult cases they need to be coordinated by some integrator. Recording the his-
tory of breakdowns and accidents is important, since it provides the basic
information for attempting to prevent them and to improve equipment relia-
bility, by carrying out minor modifications. Team work coordinated by integra-
tors is then called for again.

Finally, the role of pulpitists is not limited to checking that production flows
inside the “black pipe” following the codified prescriptions applied by soft-
ware. Indeed, at in-line processes some decentralization of responsibilities is
inevitable, since many decisions must be taken immediately on site. Pulpitists
must then possess the ability to judge the consequences of their actions. This
amounts to saying that they must understand the meaning of the parameters
under control. For example: What happens if the temperature goes beyond
normal levels? They must be able to evaluate the seriousness of such an event
and of many others, in order to decide knowledgeably how to act. On their
ability depends the smoothness of the production process and to a certain
extent even of the quality of the product.

BUILDING TECHNOLOGICAL AND PRODUCTION CAPABILITIES
(HUMAN CAPITAL CREATION)

Bell and Pavitt (1993) draw a useful distinction between the stocks of
resources incorporated in production capacity and in technological capabili-
ties. The former are the resources used to produce industrial goods routinely,
at given levels of efficiency (equipment, labour skills, operating and manage-
rial know-how, product and input specifications), while technological capabi-
lities consist of the resources needed to generate and manage technical change,
including skills, knowledge, experience and external linkages.

In their opinion, given the widening gap emerging between technology-
using and increasingly complex and specialized technology-changing skills,
the latter cannot be acquired any more by experience in the former, and
explicit investment in accumulating technological capabilities has become
necessary. “The learning process by which those resources are accumulated
are also complex and specialized. In particular, although formal education and
training in institutions outside industry provide essential bases of skill, this has
to be augmented by learning within firms” (p. 201).

However, the evidence of firms making use of complex modern technolo-
gies suggests that Bell and Pavitt’s distinction is a little too sharp. The need to
continuously improve efficiency, to learn new operating procedures, to address
unrecurring events implies that problem-solving capability and a basic under-
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standing of the transformations taking place must be possessed even by pro-
duction workers. As a consequence, firms have to undertake deliberate
investment not only to build change-generating skills, but also the skills neces-
sary to operate the plants, by training operators with specific jntra-firm pro-
grams (including a considerable number of theoretical lessons) ™.

The same evidence also contradicts Polanyi’s (Polanyi, 1958, p.53; Lundvall,
1996, p.124) view that know-how is learned “only by example from master to
apprentice” (which instead was true in the Fifties, when Polanyi wrote), but in
the most traditional sectors or in the case of the exercise of some particular
function which is still too costly to codify. The way of learning production
skills “by watching the master and emulating his efforts in the presence of his
example”, depended on the underlying premise that “the rules of the art” were
based upon tacit knowledge (strictu sensu). In fact they were “unconsciously
picked up” by the apprentice “including those which are not explicitly known
to the master himself”.

The change in the way of transmitting production skills is strictly connected
to the change in the nature of production knowledge, namely its codification
and increasing level of complexity, whereby “the rules of the art” (and the
word “art” should be dropped) have been transformed into codified and routi-
nized operating procedures. Secondly, with complex technologies operator
skills need to include also a certain level of knowing-why (Lundvall and
Johnson, 1994), since to take the decisions for which they are responsible

rationally, operators must be able to evaluate their consequences, which can be

very far-reaching and costly '°.

In this context, training has the function of transmitting the knowledge and '

capabilities needed to operate a plant, not only by illustrating the operation
procedures to be employed, but also by explaining the theoretical notions
underlying them. In other words, the aim of training is to transmit know-how
by teaching know-why (the explanations of the causes of the physical transfor-
mations carried out) and know-what (codified operation practices).

For example, in the training courses organized by the Italian Arvedi group, a
quality tube producer and radical innovator in the field of thin slab casting,
questions are addressed such as: “When you tighten a certain metal ring
around the tube, why does it get rounder?” The effects of various stresses
given to a strip are explained, as well as those of various combinations of
stresses. In the past, a newly hired worker had to learn by looking at the move-
ments of an expert operator and at the results produced on the shape of the
tube, but nothing was explained and not even the expert knew why his actions
produced certain effects.
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. Tra:jned o.p‘erafors are able in turn to train single newly hired workers A

halklf pulpitist is then ﬂal?ked by the newcomer, to whom he transmits w.hat

" zm 01\;{3, uzlhder the supervision of the foreman, who bears the responsibility of
rolling that such a training (which includes th i i

: eoretical teachings) be cor-

rectly effected. On the whole, it takes about one year to learn such agskill fully.

.Gomg bafck to the distinction between production capacity and technol
gmal capability, it is indisputable that the training of the operators N civod
in the former is a'completely different task to the building of the lat(;zrm arkljzﬁ
gr?n m(;lre demaxlldmg activity. I.n -order tg accumulate technological capa’bilities

S have to invest ad hoc in a particularly intensive training, especially

devoted to the people to be speciali i
pecialized in the fu
solvers and change-generators © fondamental role of problem-

Cag‘het fait thalt skilled (applied) researchers have to be formed by firms, that
not rely only on the formal education i iversiti ;

provided by universities, d

th s, depends on

as; :;?plzx naFu[rj of technology. Due to the number of different very specific
and variables interacting, on the one hand it i i

hired researchers ver i ini Cother oxperionse ot

. y specific training and on the other exper
prominent role in the process of skill acquisiti e o underen
quisition. It takes years to und

how to define problems, how iabi ¢ wbers to i
, to assess the reliability of the data, wh

: - , Where to find

the needed information sources, how to formulate a correct hypothesis, how to

select from the tests made in the lab indicati
ab indications of lines of d
further pursued at a larger scale. erelepment 0 be

Also maintenance people acquire their skill partly through formal learni
fmd partly through practical experience. The flanking of an expert ma arl;ung’
;Tpl(;;tz.?t wa); of leaming fore.l novice, but without the support of an arficuelaiz
° p1 .1(.)n of what is t{appemng such a flanking would be of little use. Prac-

ca 'act1v1ty agd theoretical lessons complement one another, and the former i
gonnflllciez::}(lioz;: 1;1}1([;Z§tiznt ba}i:kgrofunc:i to stimulate a quicker theoretical learnin;s.
, nce has a fundam in i i ills, i
ing a problem-solving ability which beczr::sfireﬂl; ;?;;:Z?Cg asri;lzlsr;;:v:;: “

ON THE ENDOGENEITY OF CODIF ICATION
OF TECHNOLOGICAL KNOWLEDGE

N The fnstoncal evolution sketched in the introduction can now be framed in a
eoretical perspective, by identifing the general determinants of the pace of

COdlflcatl()ll 0‘ teClm()l() 1Ca k O d € 1n the economies o more |)1€ lSely
g I n W[e n h
g T, C El

The starting point is recognizi igni
gnizing the significance of two proposition
: S
already advanced by Nelson and Winter (1982), relating to the arlc)iculiation of
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Codification
COSsts

Tirae
Figure 1. The time dimension of codifiability

knowledge: namely, that costs and incentives matter. Nelson and Winter assert
that: “Whether a particular piece of knowledge is in principle articulable or
necessarily tacit is not the relevant question in most behavioural situations.
Rather the question is whether the costs associated with the obstacles to articu-
lation are sufficiently high so that the knowledge in fact remains tacit” (p. 82).
And also: “The same knowledge, apparently, is more tacit for some people
than for others. Incentives, too, clearly matter: when circumstances place a
great premium on effective articulation, remarkable things can sometimes be
accomplished” (p. 78).

These propositions point to the fact that tacitness is not an inherent property
of technology, but can be managed to a certain extent on the basis of an
economic calculation of the costs and benefits of articulation '!. The limits to
codifiability at a given point in time are set by the technological opportunities
to codify, which depend on technological developments, particularly the
advances in the fields of electronics, computer science, and the availability of
scientific instruments of measurement, which are exogenous with respect to
the agents who have to decide whether to spend efforts in codifying the spe-
cific technologies to be used. These advances yield a reduction of the costs of
articulation and widen the range of the articulability of knowledge (figure 1),
shifting the frontier of codifiability in the various fields over time. v

This implies a growing tendency to codify and in many fields, as the steel
sector shows, new technologies that substitute labour, based on codified
knowledge, have been developed'?, and perform what were tacit operations in
a much more reliable and effective way. On the whole I suggest that a general

S ESE—E———
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Tacitness

A

1990

Complexity

Figure 2. The evolving character of technologies over time

tendency is underway whereby technologies are increasingly articulated and
complex (figure 2). However, industries will continue to differ as to the

“degree of codification”, to a 1 i
, arge extent depending on the perceived
and benefits of articulation. : P oo

When firms evaluate whether it pays to codify a particular piece of know-
Iédge (Fo “unstick” an information, as von Hippel (1994) puts it), their deci-
sion will depend not only on the costs and advantages of codiﬁcati,on but also
0r§ the‘ constraints stemming from their technological competences Tims the
will differ as to the degree of codification of the technological kno».vled é thi ;
rely upon 13, In conclusion, D. Hicks’ (1995, p. 418) observation that “cgom Z}-,
nies manage the public/private nature of their knowledge and manipulate thgse
categories” applies also to the divide between tacitness and codification, und
the constraint of in-house technological competence 4. A

CODIFICATION IN THE ORGANIZATIONAL DOMAIN

A la§t point that I shall very briefly mention concerns organizational know-
ledge:. in 'fact the use of information systems permits the codification of both
organizational routines, know-what and know-who traditionally stored in the
memory of firms’ employees (with regard to the connections in certain mar-

kets, coordination ?f plants, teams etc.). In this case as well, codification
depends on economic incentives.

hUsually, small firms rely on personal relationships to a great extent, but
when they start to grow the possibility to extract know-what and know-who
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from the employees’ heads and to make it available to the whole orgatr,uz?tlo?,
i i egins to
i i tion systems and firm databases,
through the introduction of informal ems : s o
be pe%ceived as a great benefit. Thus, organizational knowledge being a;rgtlgcéu)
lated and stored in the databases, can “live its own life” (Mangolte, ,
uncoupled from the fate of the firm’s employees. o
This means a shift of power from the individuals to the whole orgamzatllimCi
since the new support of organizational memory becomeg a fully con;ro ee !
organizational asset. As the possession of key mf'ormatlon can m; onge
empower some employees far beyond their own merits, the tr‘ansfer o olrgam
i for an easier hierarchical control over
zational memory to databases makes [ ‘ : :
employees’ efforts and capabilities, reducing the distortions due to asymmetric

information. T
In addition, the full accessibility of the memory of the organiza on renders
easier the insertion of a new member. However, since the conteni o. ° me>
sages memorized in the databases does n.ot become really genera s;rx;rlzmyt e
consequence of the symbolic form in which t.hey are sto.red, a nev&;l elr o
needs the assistance of an expert employeee in order to 1pterpret thel ! t;zdt
cratic and contextual meaning. This amounts to saying that t 1.1m: b
competences complementary to the codified knowledge base mantain

mental role in the organizational domain too.

CONCLUSIONS

This paper has shown that considering te§hnology and MOW—??\:mZig:
defined and codified does not mean understatn?g the 1mp0.rtance of fi A
house technical competence in order to effectlvely. negotlgte the .t“ranrso :e o
technology, to efficiently run a plant over_a long period of time, t(():1 1mp;ven -
reliability and performance and to adapt its use to markgt demands, tg ven the
fundamental openness of technology and know-how to improvements exp
ence-related (though codifiable). o

All this means that the capability to dip into thef poollof technologlcadl. ;?for]—t
mation is far from free, contrary to the neoclass.lcal view. However, di Slcgjut
transferability of technology does not depend on its purpc)}rwd opaqueness,
on the need of (partly tacit) competency in order to adopt it.

It has been argued that codification is partly endqgenous and ltﬁat Fheentehvz
innovative equipment implies a considcrabie t;ycﬁu(t;c;r;. S/Zioﬂx;«ieﬁz k If(l:l;ledge

i wledge base is more directly linke :
:‘;‘:: rilty:/lags l;“)the pfst, the workers’ required characteristics and tll)le :V;l); t?;'
operating technology have changed. The new plants need to be
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controlled by highly specialized operators, able to understand not only how to
act, but also why to act in a certain way and what the consequences of different
actions are. Production capability, in the new context, is mostly based on for-
malized training rather than on the example of the master. This points to the
importance of the school system in providing a basic cultural-technical back-
ground but also of the supplementary in-house training by firms to provide a
more specific knowledge. Particularly significant is the investment that firms
must make in order to build problem solving and change-generating capabili-
ties, since a consequence of higher technological complexity is the need to
spend much effort in problem solving.

The approach developed here also allows for different levels of performance
among firms in the same industry, depending on the technological competence
they have accumulated. Relatedly, limited transferability of technologies can
be seen more as an effect than as the cause of firm differences.

Still more generally, this perspective points to the fact that the irreplaceable
role of man in a production system does not lie any more in the practical skills
embodying technological knowledge, but in his problem solving ability, in his
integrative capabilities and in the flexibility of his mental models (Holland
1986), upon which the generation of change relies.

Notes

1. See Winter (1987), Dosi (1988) and the more recent contributions by Senker (1995),
Lundvall (1996), Foray and Cowan (1997) among a number of others.

2.1 refer here to the content of scientific knowledge, not to the heuristics used in
searching. The fact that the content of technological knowledge, unlike scientific know-
ledge, is neither inherently tacit nor articulated (see later), in my opinion (contrary to

3. In section 2 I have shown that the possible insufficiency of the information contained
in blueprints to enable a successful implementation does not imply that what has not been
transmitted is tacit 3 la Rosenberg, but instead that it is tacit 4 la Dasgupta/David, since it
reflects an unwillingness of complete disclosure.

4. Information and knowledge, other than technology, may concern the enviroment where
firms are located, which includes primarily the activities of competitors and consumer
needs. This kind of knowledge seems much less objective than the technological one and
I think it should be discussed separately (which is beyond the scope of this essay).

5. On the whole, what a firm knows is embodied both in the persons operating in it and in
its routines. However, since in order to use a new technology the old routines may need to

be radically changed, the firm prior knowledge which matters is. that contained in the
head of its employees.




20 M. BALCONI

6. Mowery and Rosenberg (1989) have stressed the importance and “the extent of the
interplay between science and technology” (p. 22) which have been blurred “by the pre-
vailing tendency to view the causal relationships as if they ran exclusively from science to
technology and in which it is common to think of technology as if it were reducible to the
application of prior scientific knowledge”. The Authors also argue (p. 33) that “the
sequence of technological knowledge preceding scientific knowledge has by no means
been eliminated in the twentieth century. Much of the work of the scientist today involves
systematizing and restructuring in an internally consistent way the knowledge and prac-
tical solutions and methods previously developed by the technologist. Technology has
shaped science in important ways, because it acquired some bodies of knowledge first
and, as a result, provided data that in turn became the 'explicanda’ of scientists, who
attempted to account for and to codify these observations at a deeper level”.

7.1n this taxonomy the word “scientific” is used somewhat loosely, to indicate an
approach of the problem-solving activity turned to generalizing the solutions found by
understanding their causes, whereas the term usually refers to a rigorously systematized
body of knowledge theoretically framed.
8. Frequently cited as proof of the tacit character of technological knowledge is the fact
that contracts for technology transfer usually include the provision of some kind of
training on the part of the technology supplier and at least some of this training consists
of practical demonstrations executed on site. Rather, one should consider that the training
even of completely formalized subjects is always based on some mixture of tacit, empi-
rical and scientific teaching methods. It is usually very effective, besides explaining the
rules at work, to show their application visually, the sequence and timeliness of the opera-
tions to be carried out, to correct directly the would-be operators, to clear up some points
not explained in enough detail in the “how to do it book” and so on. Also on university
courses, laboratory lessons are provided.
9. On this topic see Balconi (1996), where the interesting case-history of the Italian group
Arvedi, pioneering the adoption of a complex thin slab casting technology to produce
special steel strips, is presented and discussed in-depth. In the opinion of an expert in
industrial relations working for the Arvedi group “For the acquisition of the needed spe-
cific skill internal training is increasingly important, in order to transfer to the operator
the specific competence required by plants with peculiar features. Specific know-how is
getting more important than technical knowledges offered by the school system, which
has to be considered an essential cultural-technical background”(Balzarini, 1996, p. 6).

10. The fact that even in order to proficiently execute a standardized, well-articulated pro-
ductive practice workers need some experience, some assimilation of the sequence of acts
they must perform etc., or that even in manoeuvring a joystick some tacit knowledge is
involved, does not seem to merit much attention from an economic view point. That some
tacit knowledge is involved also in using a joystick effectively is a second order conse-
quence of the codification of production activity, whose economic significance is low
since the skill involved is easily acquired and has a general, unspecific character.

11. The endogeneity of codification of knowledge is also asserted by Foray and Cowan
(1997) in a more general perspective.

12. Obviously, codification does not necessarily imply capital substitution for labour.
Codification of the knowledge underlying a given production phase might even imply no
change in the way of its execution if it proved advantageous to a given firm (or inevitable,
as for example in an underdeveloped country, where one cannot find any workforce with
a basic training) to continue to rely on tacit skills. Otherwise, codified knowledge might
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still imply the use of human
effort, but the conscious i
} » underst
operator permits 2 more flexible and easy learning S
tion 'of the instructor. An even greater change i ;
are int i
Capitalrzzsci:;:; a?dthﬁ:)all)é when the articulated knowledge is embodied in pieces of
ent that substitute labour in executi i .
_ tin i
becomes a trained and knowledgeable controller. § fhe operation, and the vorker
13. Ev4en in plants at the frontier of codification
Operations continue to exist. Thus, there are still
years of experience and training by flanking. They
view, “the interpretation of somethin
cessed data”.

g of the “rules” by the
tlo a lesser extent based on the imita-
s realized when measurement instruments

some uncodified production phases and
some “tapil jobs™, which require many
> usually imply, as I was told in an inter-
g that is happening but lies outside the scope of pro-

14. The argument presented above, asserting the
endogengty of the articulation of technological know
and David's assertion of the endogeneity of tacitness
ferent.concept of tacitness/codification. Indeed those
incentiv isclose - tem
i IC s{sﬁg)agizcll(ifw 1}::ince on the hreward system facing the individual agents- an inhe
8¢, since they draw no distinction b i |
: _ since : etween i
status of technological and scientific knowledge (see footnote 2 abovet)he pistemological

technological opportunities-bound”
Ie_dge, clearly differs from Dasgupta
first of all since it is based on a dif-
authors focus their attention on the
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CODIFICATION ET AJUSTEMENT DE
-0 ) : DEUX MOYENS
POUR L’ELABORATION D’UNE MEMOIRE DE L’ORGANISATION

LE CAS D’UNE ACTIVITE DE SERVICE

Sophie DUBUISSON !

Résumé

L'article se propose d’étudier deux modalités de production et de stoc
kage d}e la connaissance au sein d’une organisation économique L’étudé
(%e la réorganisation d’une offre de service par un prestataire de ;estaum-
tion collective permet de mettre 4 jour diverses opérations cognitives qui
s.ous»tendent la coordination des activités économiques. Certaines o é?‘z-l
tions relévent de ce que I'on peut appeler de la codification, 1a conrr)xais—
se'mce . Produitc a4 cette occasion se trouve stockée dan; différents
dispositifs qui normalisent et stabilisent I'activité €conomique. Ce stoc-
kage est particulirement opérationnel pour gérer le multi—gites Par

ailleurs, la coordination & i 2 i
, ation économique a I’ceuvre se traduit également par

diverses actions d’ajustements supportées par les acteurs et les obi

r\redéﬁmssent les maniéres de faire et capitalisent la connaissance pjx‘t:(sitg?;
gcette f)ccasion‘ C’est I'articulation de ces deux modalités de mémorisa-
tion qui est en jeu dans la capacité d’un acteur économique 4 s’adapt

aux éventuelles variations de la demande. P

Abstract

Ti}e paper analyzes two ways of production and storage of knowledge
w1th1n an economic organization. In an organizational innovation conteft
we 1dentiﬁ§d several cognitive processes grounding the coordination of’
an economic activity from the service industry (catering). We call some
f)f them codification operations since the knowledge they allow to creat
Is stored in standardized and stabilized devices. This system is efﬁci: ?
for multiple plants organizations. Furthermore, other operations are moxlf1
oriented towards learning by doing processes : the knowlegde is storeg
through e?(Periences of adpatation and adjustement of actors and objects
The CF)Hdlthn of efficiency of an economic organization is based én its‘
capacity to articulate these two memorization processes in order to ad.
and react to the variability of demand. o
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