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Abstract

In this article, we use the implementation of an expert system to improve blast furnace control in the French steel industry
to illustrate the problem of knowledge articulation/codification. Blast furnace related knowledge still largely takes the form
of empirical know-how in general and expert know-how tied to specific individuals in particular. Therefore, the articula-
tion/codification of knowledge in this field is a difficult task requiring the identification and selection of ‘best practices’ for
the purpose of codification. This process, in turn, affects daily routines and creates new forms of generic knowledge that make
use of local knowledge. These new forms of generic information reinforce the tendency to appropriate private knowledge
currently prevailing in Usinor, a large French steel company, and create new routes and new insights for R&D policy.
© 2003 Elsevier Science B.V. All rights reserved.
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It's familiar enough that business firms and other 1. Introduction
organisations ‘know-how to do things like comput-
ers to fly us from one continent to another. On sec-  Much attention has recently been paid to the artic-
ond thoughts what does this mean? Is there not ulation and codification of knowledg&€6hendet and
a sense in which only a human mind can possess Steinmuller, 2000; Cowan and Foray, 1997; Cowan
knowledge? If so, can this proposition somehow be et al., 2000, on the grounds that “the increase in the
squared with the idea that organisations know-how stock of useful knowledge and the extension of its ap-
to do things? And if organisational knowledge is a plication are the essence of modern economic growth”
real phenomenon, what are the principles that gov- (Kuznets, 1965 The debate, which has been very
ern how it is acquired, maintained, extended and heated, is open to a variety of interpretations as indeed
sometimes lost? are its implications (seknudsen, 2000; Nightingale,
(Dosi et al., 2000p. 1) 20Q1; Johnson et al.., 20D2nsteaq of reviewing the
entire debate, we will attempt to illustrate the degree
and ways in which it applies to the French steel indus-
"+ Corresponding author. try. We believe that sectoral differences_, are an impor-
E-mail addressestazaric@idefi.cnrs.fr (N. Lazaric), tant part of the story and can help explain the degree of
p.a.mangolte@wanadoo.fr (P.-A. Mangolte). and potential for transformation of different kinds of
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knowledge, be they scientific or empiricBdsenberg, Finally, we conclude by reviewing the sectoral
1982; Pavitt, 1984; Balconi, 1993, 1999; Divry and dynamics our case study highlights and the organ-
Lazaric, 1998; Saviotti, 1998 isational and social forces involved in knowledge

In the steel industry, the main challenge lies in de- articulation and codification.
contextualising the local knowledge anchored in ex-
perts often belonging to different ‘communities of
practice’. They therefore tend to use localised jargons 2. Articulation and codification of empirical
and vary widely in the way they carry out their tasks Know-how in the steel industry: implication and
and interpret technical phenomena. In order to shed difficulties
some more light on these issues we will focus on the
different stages of knowledge articulation and codifi- ~ We begin by discussing why blast furnace re-
cation and integrate organisational dynamics and so- lated knowledge is still largely empirical in its form,
cial links as driving forces in the process. The reason thereby increasing both the difficulties associated
for this is that the cognitive and political dynamics are With its generalisation and the degree of uncertainty
interlinked and the nature of their co-evolution can be N Process control. Any attempt to disentangle this
crucial to the evolution of knowledge itsel€oombs knowledge from individual and collective practices by
and Hull, 1998: Simon, 1999: Cohendet and Llerena, articulating parts of them disturbs daily routines. Ar-
2001; Dosi et al., 2001 Articulation and codification ticulation paves the way for codification and can only
transform the way in which communities habitually P€ achieved by making the relevant practices explicit
represent knowledge and share it between their mem-Within different “communities of practice”. We will
bers at different levels: new knowledge representations €xamine these issues at both the empirical and the an-
come into play at both the individual and the collective alytical levels and then attempt to devise a theoretical
level, while new objectives concerning knowledge ac- framework with which to explain such changes.
cumulation and knowledge preservation enter the or-
ganisational level. 2.1. Empirical know-how and the blast furnace

In this article, we first try to show the ways in
which the articulation and codification of knowledge
undermine traditional daily routines related to the han-
dling of blast furnaces. We emphasise the fact that the
knowledge associated with the workings of the blast
furnace is mainly empirical and difficult to master in
its entirety. We also briefly review the basic concepts
of routine, knowledge articulation and codification in

The blast furnace is used for smelting and is capa-
ble of producing different grades of steel. The proce-
dure involves coke, charred coal, various types of ore,
hot air and gas being introduced into the furnace and
then smelted. Dross is produced through a process of
“decarburisation” and “dephosphorisation”. Since the
resulting smelted scraps vary, the melted metal must
order to clarify them. be analysed immediately in order to determine which

Secondly, we discuss the difficulties encountered in 92S€s should be added to it and at what temperatures.

the creation general knowledge in Usinor and the Sys- Many of the_ thermal, _cher_nicgl and mechanical phe-
téme d’Aide a la Conduite des Hauts fourneaux En nomena taking place in this kind of large reactors are

Marche (SACHEM) project, which saw the introduc- (@' from being well understoocRpsenberg, 1992
tion of an important programme of knowledge articu- The conversion process carried out by bIasF furnaces
lation and codification over a number of stages. is continuous and takes up to 8 from the introduc-

Thirdly, we analyse the impact of this process, plac- tion Of the ores to the smelting stage. Any interrup-
ing particular emphasis on the organisational and cog- tion is extremely costly and thus prohibited unless an

nitive effects of generic knowledge implementation. €Mergency occurs. However, a blast furnace tends to
The crucial role played by human skills and tacit work more or less as planned. Regular control is very

knowledge in this new system, both in its present form ——— _ ., - )

d during the process that led to it, become apparent . A "speedy guidance” produces a molten Tetal thats 100 hot
_an . g_ p 1R pp (i.e. including too much silicon), whereas a “slow guidance” can
in this section, as does the system’s ability to generate produce a “cold” molten metal (with insufficient silicon and too
new beliefs and R&D routes for the company. much sulphur), which is unusable.
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important for both the smelting quality and the work- the entire set of relevant chemical and physical re-
ing life of the blast furnace, which, on average, is 15 actions has yet to be devised. The scope of existing
years. If the flow of ores is not regular, it can pro- models is severely limited by the fact that most of the
voke an above average erosion of the furnace’s internal reactions cannot be observed. To summarise briefly,
brickwork and tank. It can also cause deficient cast- we can say that the blast furnace is a very complex
ing due to an iron notch. A number of problems can structure that relies on empirical know-how and still
arise during this process, the most notorious occurring represents a ‘black box’, in that very few physical or
when ores do not tap properly and flow on one side mathematical models have been developed to describe
of the tank. This happens when ores are insufficiently what happens inside iRpsenberg, 1982; Steiler and
fluid and therefore create a kind of dome preventing Schneider, 1994 This lack of understanding enhances
gases from moving up the furnace’s throat. The duc- the importance of human judgement, tacit knowledge
tility of the metal, which is affected by this problem, and labour skills, a fact that is widely recognised in
is a very important quality of the final product and the literature:

depends on the ability to carry out timely additions
of oxygen and other gases. If intervention is limited
in any way, ores and smelt scraps can suddenly sink
back and cause a number of other problems, includ-
ing obstructing the tuyeres and triggering explosions
or gas emissions. Two things must be checked con-
tinuously to ensure the smooth operation of a blast
furnace:

One might naively regard a blast furnace as a deter-
ministic chemical system, but in fact, its behaviour
is stochastic. Many aspects of a furnace, its interior
lines, the placement of tuyeres, the quality of raw
materials, the degree of scaffolding, etc -exert an
elusive but consequential effect on fuel consump-
tion. Consequently, if one builds a taller blast fur-
nace it is not immediately obvious whether its coke
1. the quality of the smelting scraps and their proper rate indicates the systematic effect of increasing

repartition inside the throat; height or is distorted by unusual random circum-
2. the temperature inside the tank. stances
Team operators responsible for the continuous con- (Allen, 1983 p. 12)

trol of the blast furnace must be able to solve prob-
lems and make quick decisions. However, this ability  The blast furnace problem has attracted the atten-
depends not only on the integration of many pieces of tion of many scholars and practitioners who over the
articulated knowledge but also on the operators’ un- years have attempted to understand the processes as-
derstanding of what makes a ‘good process’ and what sociated with its operation and the resulting accumu-
must be done to improve contrdOne way of achiev- lation of knowledgeBertin et al. (1996)studied the
ing the latter is to reduce the uncertainties associatedblast furnace process following the Great Depression
with the process. To put it another way, in order to and, among other things, highlighted the variation they
gain a better understanding of what happens inside aencountered in the quality of labour input due to the
blast furnace, the firm must open the “black box” and critical role of experienced specialists, the difficulty of
try to analyse the causal links between the various pa- job sharing and a number of potential inefficiencies.
rameters coming into play in different contexts and The diversity they came across is a reflection of the va-
situations. riety of processes and reactions that take place inside
Although some mathematical models describing the each blast furnace. A recent examination of Brazilian
physical-chemical reactions that take place inside the blast furnaces (Unimas and CSN plants) has brought
blast furnace have been produced, a formal model of to light both the heterogeneity of existing practices
and the efforts made to increase knowledge sharing
- _ - and codification Figueiredo, 200R Different prac-
Blast furnaces are extremely expensive: building one costs tices can lead to clearly visible changes in productiv-

around € 300 million and repair costs can rea€il50 million. it iall hen the i fi bility of i
The casting process alone accounts for 56% of Usinor's average Ity, especially when tne innovative capanllity of irms

steel making costs. This is one of the reasons why improvements affects the final output (quality of steel, silicon con-
in casting and blast furnace guidance are crucial. tent, coke rate level, energy consumption, etc.). Nev-
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ertheless, the successful change of a particular work collective ability to solve problems and co-ordinate
trajectory, which is invariably historically grounded, different incidents is highly dependent on the existing
depends on the willingness to improve routines in op- repertoire. The co-ordination of different routines is
eration and performance radically enough to allow sometimes compared to a “circuit” that must work
progress beyond the trial-and-error stage. Building ca- “smoothly” (Lazaric and Mangolte, 1999; Lazaric,
pabilities have to be based on dedicated investments2000. This means that some degree of cognitive co-
(tools, computers, simulations, etc.) aimed at improv- herence between different kinds of repertoires is nec-
ing local knowledge and at creating abstract knowl- essary before they can operate successfully. Effective
edge by testing the robustness of empirical beliefs co-ordination also depends on the relevant “motiva-
(Arora and Gambardella, 19R4Consequently, exist-  tional/relational context” (Winter, inCohen et al.,
ing knowledge of the workings of the blast furnace 1996, which includes the “good will” of individuals,
may be difficult to generalise because such knowl- the prevailing interests and latent conflicts and the
edge invariably relates to a number of different tech- discretionary aspect of behaviour within organisations

nological artefacts. In the circumstances, any attempt (Dosi et al., 200L

at a generalisation is confronted with the problem
of learning from partial experience involving great
uncertainty—a considerable difficulty in knowledge
comparisons.

2.2. Routinisation, knowledge articulation
and codification: a theoretical framework for
understanding the blast furnace

The starting point of our attempt to come to grips
with the operation of a blast furnace is provided by
the concept of routine. In defining this notiddelson
and Winter (1982emphasise that a “routinised” or-

Overall performance in the casting process is highly
dependent upon:

(a) the state of cognitive repertoires, i.e. the accumu-
lated stock of knowledge, and

(b) the social and relational contextin which the reper-
toires are activated.

Most firms in this sector have looked into techni-
cal solutions, such as the implementation of expert
systems, in an attempt to improve blast furnace regu-
larity. An expert system, however, involves the trans-
formation of all the knowledge stored in a particular
firm, including its previous repertoires, and therefore

ganisation can be understood by reference to specificaffects both organisational memory and routine acti-
competencies. These encompass and embody differ-vation. This raises a number of questions as to where
ent types of know-how, knowledge and part of the this knowledge is stored, who its carriers are, how it
social context in which they are embedded. Differ- can be extracted, etc. As has been recently pointed

ent forms of know-how are memorised using a va-
riety of mechanisms (different kinds of equipment,
tools, procedures, data, human know-how, etc.). In or-
der to illustrate the interplay between various forms
of know-how, we use the notion of “repertoire”: just
as a more or less talented acting troupe interprets dif-
ferent plays in its repertoire more or less successfully,
teams in the steel industry avail of and can mobilise
different kinds of know-how. These can remain inac-
tive or, when eventually activated, produce pig and cast
iron.

An activated routine is an expression of the reper-
toire and can be judged on the basis of technical
indicators such as casting delivery, steel quality, raw

out by a number of authors, this problem is far from
trivial.

Indeed, the preservation of collective knowledge
through the articulation and memorisation of best prac-
tice has a number of effects. It can generate specific
assets for a firm by rendering the product of human
experience more “manageable” and by contributing to
the selection of routines and practices located within
the organisational memory\(inter, 1987%. Let us ex-
amine this point further: we argue that knowledge is
“articulable” (and eventually “articulated”) when the
knowledge of a person or an organisation can be made
explicit by means of language. In the same vein, “ar-
ticulated knowledge” is knowledge that has been ren-

material and energy input and process fluidity. Col- dered explicit through language. Language, in this
lective activity involves procedures and rules and context, refers to a system of signs and conventions
uses artefacts and know-how as well as skills. The that allow the reproduction and storage of knowledge
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in such a way that it can then be communicated and insights and therefore enrich old repertoires or create

transferred between individuals.

The process of articulation involves the extraction
of knowledge from the person holding it and the trans-
formation of personal knowledge into a generic form
(Winter, 1987; Mangolte, 1997Although some forms
of knowledge can benefit from it, parts of tacit knowl-
edge may defy articulation and be poorly reproduced
and communicate@iln other words, only a small frac-
tion of articulable knowledge can in fact be articu-
lated. Moreover, the degree to which articulation will
actually be taken up as an option may differ radi-

new ones. However, as we shall see in the case of Usi-
nor, this co-evolution is far from perfect because en-
coding has to face the problem of practice selection in
the presence of different technological visions. More-
over, relational and social aspects are fundamental to
the preservation of consensus between the different
“communities of practice” co-existing in a company.
Such communities play an active role by helping de-
termine both the validity and the content of the rele-
vant knowledge and by contributing to or questioning
the articulation process. Let us discuss this point in

cally between firms, depending on the associated coststhe context of the SACHEM project.

and benefits accruing to a particular firm, its strate-
gic vision and the importance it places on the build-
ing of capabilities Teece, 1998; Zollo and Winter,
2002. Articulation, however, is distinct from codifi-
cation ¢ollo and Winter, 200 Following Zollo and
Winter (2002) we will take ‘reutilisation’, articulation
and codification to be three interlinked stages. The

three forms can exist and evolve together. So, codifica-

tion, while not excluding ‘reutilisation’ and the pres-
ence of tacit knowledge, may well produce new useful

3. The building of general and abstract
knowledge: the SACHEM project

Before turning to the review of the SACHEM
project’s different stages, we shall briefly discuss the
difficulties involved in the comparison of different
and often contradictory beliefs based on long stand-
ing experiences of the same technical phenomena.
We will see how Usinor's R&D centre (IRSIB)
compares localised experience in order to manage va-

8 Natural language has a more precise definition because its riety and generate abstract knowledge. We will then

grammar produces a certain degree of consistency between the

various signs. On this important debate, s&leoamsky (1988)
Piaget (1970andPolanyi (1958) For a debate on codification, see
Cowan and Foray (1997 owan et al. (2000and Nightingale’s
(2001) reply. Nightingale argues that tacit and codified knowl-

discuss the different stages of the SACHEM project,
which begins with knowledge articulation in order to
gradually create the necessary conditions for the iden-
tification and selection of ‘best practices’ for blast

edge are not substitutes and presents some doubts on the way infyrnace operation.

which codification may precede articulation, most notably via a
“codebook”.

4 Traditional know-how may be difficult to articulate as it is
affected by the way in which its “master” transmits his know-how

3.1. Local practices and heterogeneity of beliefs:
the role played by IRSID towards the creation of

during training and apprenticeships and because of the presencegeneral knowledge

of important tacit know-how. For exampl¥erry (1955)reviewed

the sensorial know-how involved in the steel industry’s casting
process. Before 1914, rollers in the Ardennes region were directly
involved in the temperature control of metal before it was put
into the rolling mill. They directly observed the colour of the
metal, which can take a variety of colours ranging from pale
straw (225) to brownish purple (260, dark purple (280 and

sea green (350. Six different shades of red were known. Rollers
would strike a piece of dry wood on the hot metal and determine
the metal’'s temperature by observing the reaction (slippery wood
indicated 350, smoking wood indicated 40@&nd a spark indicated
425). Even though some of this know-how was written down and
articulated in a book, it did not entirely capture the knowledge
held by the rollers. The refined perception of colours remained
unformulated and deeply tacit. Acquiring this skill required a long
apprenticeship with a master.

The project of articulation and codification in Usi-
nor was implemented following the creation of an
autonomous entity that helped combine the most im-
portant French steel producér#ndustrial concentra-

5 The acronym stands for “Institut de Recheale la Sirurgie
Francaise” (the French steel industry research institute) whereas
SACHEM's acronym stands for “Syate d’Aidea la Conduite
des Hauts fourneaux En Marche” (guidance and aid system for a
working blast furnace).

6 Consolidation in the steel industry continues to this date and
recently saw the birth of Arcelor (November 2001). Usinor is Arc-
elor's main shareholder, while two other European industrial part-
ners, Arbed (Luxembourg) and Aceralia (Spain), hold large stakes.



1834 N. Lazaric et al./Research Policy 32 (2003) 1829-1847

tion in the sector while creating the necessity also of- erations differed across plants, leading to incommen-
fered the opportunity to engage in this process becausesurable data across the board due to the idiosyncrasy
a shared level of knowledge had to be established in of the tools and evaluation methods particular to each

order to improve productivity and know-how within
the separate but newly merged plants.
For example, in order to improve sinter, blast fur-

unit.
Moreover, the heterogeneity of practices was also
partly due to various more or less rational beliefs and

nace operators must have a good understanding of theemotions held by practitioners and their attitudes to-

fluidisation process and of the trajectories followed by
the material falling from the bell-less top chute. This
knowledge is essential in order to optimise gas dis-
tribution and provide high quality sinter. High qual-
ity sinter is determined by its grain size distribution
and strength and is characterised by high reducibility,
high “porosity” and appropriate softening behaviour
(in turn depending on a suitable chemical composition,
FeO content and “basicity”). A uniform distribution of
all additives contributes to the formation of a homo-
geneous raw sinter mix. High permeability allows the
bed height to be increased, which in turn has beneficial
effects on fuel consumption, sintering, the tempera-
ture of the sinter itself, its strength and reducibility. In
brief, burden trajectories must be monitored regularly

because they can change due to several burden-related

effects (fluctuation of the burden’s grain size distribu-
tion over time, grain size segregation occurring when

the hopper feeding chute is charged and emptied, etc.).

Despite the fact that frequent measurements of the
trajectories are required in order to accurately con-
trol the burden distribution, before the implementation
of SACHEM they were only carried out occasionally
during scheduled shutdowns. Moreover, units of mea-
surement varied considerably between plants creating
different and distinctive knowledge. In this context,
beliefs about the process (fluidisation, permeability,

wards the exploration of specific paths: where some
viewed a particular practice as the appropriate solu-
tion to a problem others treated it as impracticable.
An example of this diversity relates to coke injection.
Whereas in Fos sur Mer increasing the coal rate injec-
tion was viewed with fear and suspicion due to the pre-
vailing belief that burden descent would be degraded
if the coke rate exceeded 60—80 kg, in Dunkirk, during
the mid-1980s, the coke rate increased continuously
for a sustained period of time and by June 1985 had
reached a monthly average of 143 kg:

During the last decade coal injection in the blast
furnace has become a standard practice and nowa-
days coal rates in the order of 190—200 kg/htm are
achieved in routine operation on several blast fur-
naces. In France coal injection, first investigated in
the early sixties, and then rapidly abandoned, gained
renewed attention in the beginning of the eight-
ies. Following the first industrial trials in Usinor in
1982, coal injection steadily developed from 1983
to 1989, reaching rapidly a level of 145kg/htm in
1985. The barrier of coke less than 300 kg/htm was
definitively broken in 1990 at BF 4 in D

(Van Crayelinghe, irdollivet, 1999 p. 443)

In this context, it is also interesting to note that
IRSID’s predictions with respect to coal injections

reducibility) varied and practices generated localised during the 1980s were not very accurate. Standard IR-
knowledge. SID results concerning coal rate injection were notably
Let us be more precise. In Dunkirk, the standard in line with the practices prevailing in Fos sur Mer’s
deviation of coal injections from tuyere to tuyere did practice: the recommendations stated that 60-80 kg
not vary by more than 2%. In Fos, on the contrary, the had to be the limit. In this case, it was only due to
variation in an equivalent blast furnace was between 2 the force of local practice and the success of high in-
and 5%. Such different practices were almost always jection rates that eventually led to a reversal of ear-
due to the absence of any systematic effort to extract lier fears. So, during the 1980s practical experience
information from the workings of individual blast fur-  informed scientific experimentation and provided best
naces thereby creating generic knowledge. Each plantpractice models rather than the reverse. This situa-
not only interpreted similar technical phenomena in tion was to change in later years. Indeed the articu-
different ways but used a variety of jargons and tools lation and generalisation of knowledge inside Usinor
for the measurement of technical parameters. Even thewas pushed through the will to create shared beliefs.
methods adopted for the economic evaluation of op- For example, IRSID, which was meant to carry out
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fundamental research for all French firms in the steel  Following the thematic choice, the problem was
industry, became, as a matter of fact, an integrated decomposed further in an attempt to understand the
Usinor R&D centre. IRSID was therefore given the causal links between technical events and the rea-
historic opportunity to collect the results of local ex- soning behind the blast furnace experts’ actions. The
perimentation and to bring them together thus becom- resulting, rather consistent, Xperdoc, document pro-
ing a large store of information that could help solve vided a common interpretation of observed phenom-
problems and co-ordinate practices. ena and highlighted the lack of understanding of a
Following these developments, IRSID was also in- number of technical events. Xperdoc showed that no
creasingly enabled to engage in the task of compar- uniformity existed in the handling of the fluidisation
ing practices between different plants and therefore process and any combustion problems that occurred.
allowed to find shared measures of practice and sci- The reason for this was that actions taken by oper-
entific translations for local experiences. This process ators depended on the interpretation of a number of
inevitably raised new questions in relation to the so- technical parameters, the identification of which de-
lution of local problems. Scientific experiments fol- pended entirely on the state of local knowledge. For
lowed local ones for some time and IRSID for a while example, in some plants it was thought that the com-
followed existing practices instead of trying to impose plete combustion of coal particles and their transfor-
a shared vision around the blast furnace. By the end mation into carbon monoxide in a very limited area
of the 1980s however, IRSID had a new part to play of the raceway was only possible if the coal was
in the generation of abstract knowledge and in help- finely ground. In other plants, however, the same pro-
ing practitioners go beyond their local apprehensions cess was perceived to be too hazardous to be un-
and fears. This role was quite distinct from the one dertaken due to the possibility of dust explosions,
that had prevailed throughout the beginning of 1980s, despite the fact that such an event had never mate-
which had seen IRSID as little more than a deposit of rialised.
experiences and technologies. The creation of this kind of “hand-book’had the
following objectives: firstly to bring the experts to-
gether by giving them the opportunity to meet (‘Xpe-
rdoc’ in this way gave them a chance to exchange

In Usinor, knowledge was articulated through the views and discuss their practices) and secondly to

launch of ‘Xperdoc’ in 1989. This established a com- €ad to the mutual acknowledgement of different
mon word-list and was aimed at creating a shared practices and help institute personal trust between
vocabulary among blast furnace experts. Shared Se_experts. , o _

mantics were seen as the first step in the process of XPerdoc’ shed a preliminary ray of light on ha-
harmonising different practices, beliefs and repertoires Pitual ways of carrying out tasks and on the different
and were meant to constitute a common reference for INterpretations of blast furnace operation. Moreover,
the group. A team was set up to establish the relevant it Produced a radical change in organisational mem-
categories to be used in describing blast furnace re- 07y a@nd in the knowledge activated daily in the firm,

lated knowledge, which resulted in the identification PY guestioning old repertoires, especially due to the
of eight general themés. fact that it led to the compilation of the very first ICT

document (in hypertext format and including a variety
of texts, links and graphics), made available to all the
different ‘communities of practice’.

3.2. Knowledge articulation in Usinor

7 Among themes included in the blast furnace description: gas
distribution (survey of gas flow, gas reduction), burden (physical
and chemical quality of burden as well as burden descent steadi-
ness), walls (evolution of and inconsistencies in wall tempera-

tures and thermal losses), permeability (determination of levels,
evolution of stability in the different parts), tuyeres, hearth drain-
ing (differences between tapping holes, late slag, too low or high
metal flow), hot metal theme and slag quality (alkali balance and
analysis of inconsistencies), water leaks (lilisation and water
tank level).

8 Hatchuel and Weil deal with the same problem in the case of
an expert system. Handbooks are usually the first stage in a longer
process and are intended to transfer, translate and articulate current
practices through a support instrument known to all contributors.
For a more general discussion, see amvan and Foray (1997)
and Cowan (2001)
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3.3. Ildentification of ‘best practices’

In 1987, the SACHEM initiative came to light
mainly due to the efforts of a group of staff members
who believed that artificial intelligence could help
practitioners memorise a large part of the knowledge
held by expertS. This idea was only implemented
in 1990 under the supervision of Francis Mer, the
company’s senior manager, who was particularly in-
terested in this new tool in his efforts to improve
Usinor’s productivity.

During the course of year, over a hundred artificial
intelligence applications were tested in collaboration
with IRSID. The implementation of artificial intelli-

N. Lazaric et al./Research Policy 32 (2003) 1829-1847

In order to identify the ‘best practices’ and key
‘know-how’, 13 experts were chosen among those who
had co-operated in the compilation of ‘Xperdoc’. Ex-
perts were selected according to know-how and lo-
cation in order to ensure a fair representation of the
various types of knowledge prevailing in the differ-
ent plants (Fos sur Mer, Dunkirk, Hayange, etc.). The
team worked with six “knowledge engineers” in order
to extract the “core know-how” and articulate it (400
interviews were conducted).

This stage of the articulation process shed light on
the different ways blast furnace experts solved prob-
lems and on the set of different solutions used within
the company. For example, in injection practices fuel

gence projects benefited from European subsidies andinjection, coke injection and coal injection co-existed.
a 40-strong team spent 5 years working towards the Following this observation, practices were gradually
creation of systems and their dissemination within the harmonised during the past decade and now coal in-
group. Following this first stage, 17 technical solutions jection has not only become the norm in Usinor but

were selected, among which the SACHEM project.
This latter was first implemented in October 1996, fol-
lowing a long period of discussion within the com-
pany which focused mainly on the following crucial
guestions:

has been fully routinisedl¢llivet, 1999.

At the beginning of the SACHEM project, al-
though injections were carried out in different ways
in the plants, coal and coke injections predominated.
However, the differences between plants did not end

there. Coal injection itself can be effected with two
different technological trajectories: pulverised coal
injection (PCI) and granular coal injection (GCP.
In Hayange, GCI was judged to be economically
more advantageous as the cost of coal preparation
it required was deemed to be inferior to that re-
quired by PCI. In Fos sur Mer, on the other hand,
following a long stint during which coal injection
was viewed with some suspicion, coke injection and
coal injection came to co-exist. During the 1980s,
9 Three main reasons explain the process of articulation and conventional wisdom changed again in Fos sur Mer
codifica_tion in Usinor: (1) the need to create unified capabilities as coal injection was perceived to increase equip-
and articulated knowledge across the group and to channel all S .
local knowledge into a common project in order to create shared ment costs as compared to COk_e Injection. _The price
semantics between experts (“to ensure that we are talking about difference between the two available technical solu-
the same thing”). (2) The firm made 98,000 employees redundant tions was deemed trivial and blast furnace operators
between 1977 and 1990 (mainly through a retirement policy). turned away from the complicated coal injection. In
Following this period, the company hired very few new employees Dunkirk, on the contrary, after a long adjustment pe-

and therefore, the average age of the group’s employee population . . .
rose dramatically (around 50% of Usinor's employees will have riod durlng the mid-1980s, PCI was adOpted across

retired by 2010). In this context, the need to save existing collective the board following the development of a technique
knowledge became crucial, given that most of its human holders
were soon to disappear! (3)The need to improve the quality of the

e What kinds of knowledge have to be articulated and
stored?

e How should practices be selected?

e How can such practices be transposed into a new
tool?

e How can losing tacit knowledge be avoided as the
importance of articulated knowledge increases?

process by introducing real time intervention, thus ensuring the
rapid resolution of problems occurring during the early stages of
metal fusion (the cost of guiding the blast furnace in a plant like
Sollac (Fos sur Mer) represents 56% of the total costs of steel
production).

10 GClI requires the coal to be ground extremely finely (100%:

<5mm and 95%:<2mm). The outcome of the process is also
dependent on preparation and the hardness of the coal. Pulverised
coal injection, on the other hand, requires even finer grinding
(80%: <74 m).
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involving the distribution of pulverised coal between The intention in running GEA was to begin by work-
the tuyeres. ing on the validated case studies only to progressively
During the mid-1980s, it became clear the PCI as validate or definitively invalidate the rest. This pre-
carried out in Dunkirk was one of the “best solutions” liminary work took 10 months (from September 1991
to the combustion and fluidisation problems. The tech- to June 1992) and allowed the identification of key
nique also proved to be the most cost effective as it and daily activated know-how. It also allowed the de-
reduced coke consumption and required less capital lineation of a perimeter of expertise and the relevant
investment than additional coke ovens. To summarise results were diffused among the experts. The process
briefly, practices relating to the combustion problem of disclosure itself saw a further selection of accumu-
within the blast furnace arose largely out of individ- lated knowledge, as two important conditions had to
ual learning experiences. Some plants thought of PCI be fulfilled before knowledge could be selected, vali-
as distinctly superior, while others continued experi- dated and eventually codified.
menting on the combustion problem in line with the First, knowledge had to be generic, that is to say,
availability of different inputs. Given the empirical it had to be sufficiently broad to remain meaningful
origin of the predominant patterns, deriving general once it had been dissociated from its local context and
principles proved difficult as different experiences and specific use. Variety amongst experts and their associ-
observations had led to a variety of beliefs. In this con- ated expertise, which stemmed from different plants,
text, SACHEM attempted to respect diversity while helped identify these broader strands of knowledge.
offering generic knowledge that could contribute to a Secondly, the knowledge had to be identified and ac-
better understanding of the relevant technical princi- knowledged as being ‘true’ by all the experts involved
ples. The collection of case studies that resulted from (i.e. it had to be deemed both useful to and usable
the project is an example of the diversity/universality by operators before it was codified). Consequently, at
principle prevailing in the company. this stage, parts of pre-existing knowledge were lost
A further step in the attempt to understand expert while others were given increased emphasis (valida-
know-how was taken by the creation of an interpre- tion reinforces the parts collectively judged as crucial
tative model called General Expert Analysis (GEA). to the detriment of those deemed too tacit or local to
Blast furnace experts based GEA on a collection of be selected).
representative case studies depicting the rules of con-
duct adopted in the face of technical problems. For 3 4. Selection and validation of ‘best practices’
example, a particular expert described his interpreta-
tion of the gas distribution occurring during a PCI,  ag e saw with the GEA, one of the problems as-
another depicted the way he understood gas distribu-gqciated with this methodology is the potential rein-
tion when GCI was used and a third expert explained forcement of existing and diffused know-how through
in great detail the causal links between gas distribu- adaptation. For example, the suggested gas distribution
tion and their effects on the tuyeres. The purpose of method following a decrease in the burden was based
this collection of case studies was to put together a
detailed set of rules on blast furnace operation and to 50| was to complete the chain of human reasoning derived from
cover as many aspects of the blast furnace process ashe initial case studies that had, in the meantime, been validated or
possible. In practice, the rules derived in this way were at least partially validated. The process resulted in some additional
sometimes incomplete or only partially true. In order pieces of knowledge, although it should be emphasised that the

to extend and complete th r fm in I- CBR was not intended to create new ways of solving problems
0 extend and compliete the process o apping qua but simply to make new connections between the set of existing

itative knowledge more extensively, a method called sojutions to common technical phenomena. Three types of case

Cased-Based Reasoning (CBR) was adopted. studies were observed in this context: (1) case studies that had
been validated and confirmed by the blast furnace experts; (2) case
studies that had been suggested by some experts but had only been

11 The latter worked by analogy, providing conclusions based on partially validated; (3) case studies on new situations that had yet

an initial premise, and relied on the similarity principle to discover to be confirmed by other experts. For a technical discussion on

new causal links by putting together different pieces of knowledge the similarity principle and the dependence relation, Sedptti

that shared a number of dependence relations. The main aim of this (1992)
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on coal-based injection, because this was consideredand their articulation were registered in order to in-
to be both a universal and a confirmed practice. More troduce consistent problem solving. For example, 150
specifically, gas distribution and its evolution were potential blast furnace anomalies were identified and
first considered during PCI. In order to include GCI classified according to their position in the steel mak-
in this story, the generic knowledge, gained through ing process (quality, gas, wall, temperature decline,
observation and analysis of PCI related practices, was permeability, etc.). On the basis of this knowledge,
adapted for GCI which required a different gas distri- specific problems (such as an unusual temperature
bution, another fluidisation process and a more stable increase) could be identified systematically, operators
model for the permeability of the tuyeres. This kind alerted and specific recommendations made on the
of adaptation was frequent and, was also applied to actions to be implemented (the system also involved
coke injection (notably in Fos sur mer). In practice, the fitting of 450 alarms and a number of different
this meant that general models had to be adapted in or-warnings).
der to take account of local specificities (arising from  Following the process of translating words into
such things as differences in the number of tuyeres or codes, the stage of knowledge acknowledgement and
in the oven inputs that changed from one plant to an- validation was launched. Blast furnace experts had to
other). As a result, the dissemination of the SACHEM recognise their codified know-how, which had been
outcomes had to be done in stages. Fos sur Mer andradically transformed by computation. This stage was
Dunkirk (1996 and 1997) were the pioneering plants, crucial, as it allowed experts to verify whether the
followed by Hayange in Lorraine (between 1998 and codes did in fact represent what they had intended
1999). to articulate in the first place. Knowledge validation
The selected know-how was classified and indexed was a long and difficult stage as consensus had to be
between April 1992 and May 1995. During this stage, reached before it was concluded. Individual meetings,
called Detailed Expert Analysis (DEA), key concepts which saw experts having one-to-one discussions with

SACHEM PROCESS
Adaptation of KADS method (Knowledge Acquisition and Documentation System)

THE CONCEPTUAL EXPERTISE THE FUNCTIONAL MODEL OF
MODEL ~ SBCs
Basic elements of expertise plus (functions »programmable)
links unifying those elements

U

(relations =» non programmable)

[

The linguistic knowledge model

The conceptual model

- Level of Abstraction +

Knowledge Data Base
System

Expert Know-How

The world of knowledge The world of automation

ISR NIt IEENEIERENRRERERINRBERBIRARDS

Fig. 1. The SACHEM methodology.
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Table 1

A summary of the different stages of the SACHEM project

Years Main objectives Technical name of the sub-project and process of
knowledge’s transformation

1989 Shared vocabulary among blast furnace experts Xperdoc (first stage of knowledge articulation)

1990 Exploration of various opportunities provided

by artificial intelligence
Choice of the SACHEM methodology

1991-1992 Delimitation of the blast furnace expertise with General Expert Analysis
representative case studies (second stage of knowledge articulation)
1992-1995 Selection of core know-how Detailed Expert Analysis (codification)

Encoding process and validation by blast furnace experts

1996 SACHEM implementation in Usinor SACHEM

knowledge engineers, and a collective one, including tent changed drastically, forcing some blast furnace
all the experts, took place. Local know-how had been experts to modify long standing beliefs and their cus-
radically transformed as the “knowledge engineers” tomary interpretations of technical phenomena. The
had changed the way experts represented their owncreation of generic knowledge forced all the people af-
expertise. As it happened, parts of the general knowl- fected by this process to “translate” the codes in order
edge codified in the expert system had ceased to beto make sense of the codified knowledge. The com-
meaningful to some of the experts. For this reason, pany also allowed the experts to play an active role
the knowledge engineers designed a linguistic model in the adaptation and update of the system in order to
(in natural language) in order to translate the code. improve its daily performance.
The experts were thus able to recognise their own SACHEM also led to a reconsideration of traditional
expertise and acknowledge it collectively. Similarly automatisms embodied in old repertoires: following a
to the interpretative model, which had translated the degree of revision of pre-existing beliefs, these were
experts’ articulated knowledge into codes, the lin- reactivated and generated further new insights for the
guistic model converted codes into words. Different company. As routines changed, organisational mem-
models had to be created because different levels of ory in Usinor was transformed due to the creation of
abstraction and local knowledge were required de- different forms of memories and levels of activation.
pending on their use. This methodology is depicted Let us examine these aspects in some more detail.
in the following table Fig. 1), which also shows the
“break” introduced by knowledge automatidh. 4.1. Deep transformation of the content of

The main stages of the SACHEM project are sum- knowledge

marised in therTable 1
Articulation and codification entails a radical

change in knowledge because it involves the selection
4. Cognitive and organisational consequences of of parts of all available know-how. Moreover, it affects
the SACHEM project the content of knowledge, as, in practice, traditional
expertise anchored in an expert’s routines is live. A
The consequences of articulation and codification first transformation occurs when experts put their
were very important because actual knowledge con- practices and parts of their tacit know-how into words.
This ‘explicitation’ creates articulated knowledge,
12 For another description of a similar knowledge recognition \hich entails a first selection of know-how. Parts of
and validation process used in the implementation of a knowledge know-how are too dependent on practices prevailing

based system, sede Jongh et al. (1994)More specific and in | plants: th tb ticulated d ist
technical details about Knowledge Acquisition and Documentation Infocal plants. these cannot be articulated and resis

Systems (KADS) can be found in a recent article $gabolt extraction because of their ambiguity and fragility
(1998) (deeply tacit knowledge and personal judgement may
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defy codification by virtue of being too personal). part from their initial experience (most implemented

For example, a particular tapping perturbation that codes differ substantially from the original individual

occurs during hearth draining involving substantial representations of particular technical problems). This
metal flow was described by one of the blast furnace is precisely the reason why the translation into natu-
experts but was judged too idiosyncratic and failed ral language and the validation by experts that took
to be acknowledged by another one. This knowledge place following the codification process was crucial to
was first classified as a new situation in need of val- the SACHEM project: it prevented experts from feel-

idation only to be rejected at a later stage as it was ing they lost their original know-how once they had

deemed that this kind of tapping perturbation was passed it on to the knowledge engineer.

never encountered during the working of the system.

A second transformation takes place when articu- 4.2. Revision of prior beliefs and reinforcement of
lated knowledge is turned into a code, as technicians empirical know-how
in the area it affects have their own ways of repre-
senting and selecting knowledge: parts of knowledge  An important contribution of the SACHEM project
may be deemed useful simply because of the naturewas that it brought about a change in the way op-
of particular technical parameters embedded in the ex- erators and experts themselves understood the blast
pert system. In other words, the nature of the con- furnace process. As we have already emphasised, the
tainer is far from being neutral and can in fact change blast furnace experts’ know-how is generally empir-
the knowledge content itself by including unneces- ical and has not yet been captured in its entirety by
sary bits of know-how while excluding others. Con- a scientific model. Implementation of the SACHEM
sequently, the outcome is not a simple translation of codes meant that some parts of pre-existing know-how
existing knowledge into code but also a reformulation were validated and acknowledged, whereas other
produced by the knowledge engineers and validated by prior beliefs were discussed and collectively rejected.
the experts. Each stage of the transformation, which In this way, the newly validated know-how, a subset
takes place in the handover from live expertise and ac- of that previously employed, in itself contributed to
tivated knowledge to the memory of an outsider and the improvement of the company’s empirical know-
from one outsider to another, entails a change in the ledge.
preserved knowledge. This is neither a perfect equiv- For example, before SACHEM was set up, a phe-
alent nor a total substitute of the knowledge carried nomenon called ‘fluidisation’, involving an increase in
in the different memories. For example, the survey temperature above the ores was often observed. This
of hot metal and slag quality provided by the expert was connected to the suspension of coke iron ore and
system lacked crucial information on the balance of limestone flux and was associated with a fall in dif-
alkalis. As a result, conclusions reached on the al- ferent ores. In the ‘Fos sur Mer’ plant, two beliefs
kali problem and the causal links between fluidisa- prevailed about this phenomenon:
tion and burden decrease had to be re-codified because
many recommendations were of limited use due to
a lack of proper understanding of the links between
the alkali balance and fluidisation during the encoding
process.

Following codification, the container further trans-
forms knowledge content because each language has
its very own ways of representing thingsigichuel After SACHEM came into use, prior beliefs were
and Weil, 1992 Repeated transmission through a va- revised, notably:
riety of languages will always involve some losses as
codes differ radically across languages. Moreover, ar-  Belief 1: Fluidisation did take place in ‘Fos sur
ticulation and codification are in a way unpredictable Mer’.
because they are largely based on individuals’ will-  Belief 2: When fluidisation occurred, fluidisation
ingness to participate in a process that is likely to de- had preceded the descent of ores by an hour.

Belief 1: Experts believed that fluidisation never
occurred in ‘Fos sur Mer’.

Belief 2: When descending ores and fluidisation
were detected, experts did not associate it with
fluidisation and the temperature increase was at-
tributed to a different phenomenon.
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In practice, the system provided a robust tool IRSID’s decision to take the process a step further
against which empirical know-how could be tested and model some of the data gathered by SACHEM.
in order to improve and generalise it. As the process Indeed, the expert system afforded a clearer over-
unfolded, prior beliefs were gradually redefined: what all picture of the different practices coexisting in the
had been known to be true started appearing to be company and also provided exhaustive information
only partially so (especially through the discovery on the different kinds of pulverisation. Different pro-
of new causal links between technical events). The files of oxidation-condensation were registered and
causal links connecting separate technical events,the information collected gave some insights into the
which used to be tacit and intuitive, were tested and part played by alkalis in reducing degradation in the
systematically proven. In this way, the articulation mineral burden. The research that was carried out on
process led to more robust beliefs and unquestionablethe basis of these observations is a good example
know-how within the firm by changing the experts’ of a new route to R&D. A number of industrial tri-
and operators’ local cognitive representations. The als on burden behaviour have now been performed
SACHEM project also led to the creation of generic (in co-operation with researchers from Berlin Univer-
knowledge and even to some scientific breakthroughs sity), in an attempt to reduce alkali load circulation
because some of the new knowledge paved the waythereby improving blast furnace stability and produc-

to new insights for IRSID. tivity. The mechanics of burden reduction (fine gen-

eration) in the presence of alkalis have now been
4.3. Discovery of new routes for8® and fully characterised for a variety of materials that can
efficiency gains be loaded into a blast furnace (sinter, iron ores, pel-

lets). Tests have been carried out with different quan-

Another important element leading to blast fur- tities of alkalis in order to identify the weight fraction
nace efficiency gains was the increased importance Of fines generated following an abrasion test (the re-
attributed to the development of new research basedsults have highlighted the catalytic effect potassium
on the improved understanding of the causal links be- has in reducing iron oxides in all tested materials).
tween technical events: “instead of relying purely on IRSID is now planning to introduce this new infor-
trial-and-error to find what may work, the tendency Mmation into current routines affecting the daily per-
is to attempt to understand the principles governing formance of the burden across all the Usinor plants,
the behaviour of objects and structures, to ‘observe’ especially for blast furnaces still using coke pulverisa-
phenomena and test hypotheses with sophisticated in-tion.
struments, and to stimulate processes on computers” More generally, the data collected by SACHEM
(Arora and Gambardella, 1994. 523). In Usinor, have helped create new ways of understanding blast
SACHEM provided more exhaustive information on furnaces and have also led to the development of new
the characteristics of certain technical phenomena but mathematical models. As we saw earlier, the valid-
also mathematical models that could help understand ity of measurements is crucial in any attempt to move
parts of the “black box™3 Although the creation of ~ away from a trial-and-error process and for monitor-
a single global model has yet to be achieved, partial ing the burden. SACHEM provides frequent and reli-
models have paved the way for the discovery of new able measurements with which to observe and analyse
routes in R&D and have helped compare the new the process in operation. These on-line measurements
knowledge between different industries facing similar 0f the material trajectories in bell-less top charges are
technical situations. Let us discuss these aspects innow carried out with impact sensors situated inside the
some more detail. furnace. Two years ago, IRSID created a comparative

The existence of an expert system that provided val- mathematical model of the deposition of coke and sin-
idated information on the behaviour of the burden and ter layers thus helping improve the accuracy of burden

on fluidisation was an important element underlying distribution control. Similarly, Irsid has recently pro-
duced mathematical models of the gas found within

13 |ts methodology is protected by a patent and some part of it the burden..One of these, “NeuroGaz”, is complemen-
is licensed in other industries. tary to earlier models because the control of burden



1842 N. Lazaric et al./Research Policy 32 (2003) 1829-1847

Table 2
SACHEM efficiency and performances in Fos sur Mer

Mean shutdown Yearly production Gain Gain on the Gain on the BF Productivity
time equivalent, capacity saving on the iron quality life duration increment
per month PCI

Without SACHEM 19h

With SACHEM 14h 30000 THM or 2.5 days Sigma 0.003 1-14 years

Direct value (in US$/THM) 0.20 0.90 0.20 0.40 0.30

Source Usinor, December 2002.

distribution has a clear influence on the desired distri- all but disappeared in the plants. It is in fact true
bution of gast* that some forms of tacit knowledge are no longer
These models have been applied in different plants, activated on a daily basis. For example, sensorial
such as Fos sur Mer, Dunkirk and Hayange, in or- know-how used to describe the quality of the metal
der to guide blast furnace control. Moreover, new in- during fusion and for the prediction of its future
sights for R&D policy have provided by sectors that granularity fell out of use in Usinor following the in-
go well beyond the steel industry thus increasing the troduction of SACHEM. This kind of know-how was
degree of generality of their application. For example, progressively abandoned during the 1980s, due to the
the thermodynamic properties of the Fe—Zn—O system, automation of the casting process and the introduc-
which helped understand the operating conditions of tion of sensors that replaced sensorial activity with
the chemical evolution and mineralogy of dust, came actual data. Computers, tools and data memorised by
from the field of marine aerosols whereas other chem- SACHEM also changed the personal nature of knowl-
ical reactions have been interpreted using models im- edge dissemination, which used to take place through
ported from the nuclear industry. the expert—pupil relation (apprenticeship system)
In terms of efficiency, the global evaluation of (Table 2.
SACHEM has shown that operational routines do im-  This, however, does not mean that tacit knowledge
prove if reliable data are at hand. The decrease in theis no longer activated in the company. Although some
number of accidents has had an important effect in forms of tacit knowledge have been replaced by data,
diminishing monthly shutdown periods, has improved other pieces of tacit or abstract knowledge, such as
the quality of iron by reducing its silicon content and judgement and intuition used in the observation and
has also increased the lifespan of blast furnaces. Indetection of problems, are still required and remain
2002, in Fos sur Mer the total measured return on necessary. SACHEM does not simply run on set tech-
investment came to around US$ 2 per metric ton of nical parameters but depends vitally on the social

hot metal (THM). The improvement of productivity
in Fos sur Mer is summarised in the following table.

4.4. The co-evolution of tacit and codified

co-operation of the blast furnace experts, the main
knowledge repositories.

The system’s recommendations, which result from
its own interpretation of the data (especially the iden-

tification of causal links between different events),
and the operators’ ultimate decisions are still com-
The emergence of generic and scientific knowledge pared and scrutinised in a continuous attempt to
might lead one to conclude that tacit knowledge has capture existing knowledge and disseminate it. The
gaps between the system’s recommendations and the
14 NeuroGaz studies the coherence of temperature and gas anal-operators’ decisions are systematically deconstructed
ysis measurements projected on a generic instrumentation in real jn order to detect divergences. This kind of analy-
time. Data are validat(_ed through the qperation of 14 _artificial neu- is allows the database to be enriched and updated.
ral networks created in order to qualify the 10 functions of geo- Parts of the tacit know-how that were not articulated
metric analysis. The data are obtained from chemical and temper- ' A, .
ature sensors, distributed along a fixed or a sliding probe at the @nd were considered insignificant during the second
stage of the articulation process are now gradually

Knowledge

top of the blast furnace.
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incorporated into the system. This mostly applies to 4.5. Different levels of knowledge activation inside
knowledge that had originally been classified under Usinor
a “to be confirmed” heading and was deemed to be
idiosyncratic (e.g. referred to only by one blast fur- SACHEM is able to collect systematic data (with
nace expert). Although some of this information has the aid of over 1000 sensors placed inside the blast
been gradually discarded, other disclosures, which furnace), to interpret and to qualify them. The sys-
over time proved to be robust and valid, have now tem continuously compares the collected information
been encoded. For example, a description of the gasagainst a reference situation and can make certain
distribution within a particular blast furnace and the predictions, detecting problems and recommendations
evolution of irregular peak characteristics described to operators. It affords a global vision in real time,
by an expert (these were too chaotic to be captured a selection of interesting indicators and some solu-
by some of the experts) was eventually validated fol- tions. Operators retain a certain amount of autonomy
lowing a number of collective discussions and the in decision-making, as they are able to ask the system
production of quantitative data on the fluidisation to provide explanations on a number of the phenom-
process. ena it detects. The system has been set up in such a
Updates of this kind are formalised in an annual way as to avoid automatic guidance, which would risk
meeting with the operators, foremen and experts. Ex- reducing operators to a passive role and thereby un-
perts play a crucial role in this context as they for- dermine their ability to solve problems. The problem
malise and systematise the results of the divergenceof excessive data production is further avoided by the
analysis of users (operators). The constant activation introduction of a number of different access levels to
of human skills is important because the expert sys- the data. The system thus only provides data that are
tem is unable to deal with new situations and solve strictly related to a particular problem or moment in
novel problems. Its abilities are limited by its existing, time. In practice, the system has a number of differ-
previously articulated, knowledge. In the absence of ent organisational memories, some short, some long,
integration of new pieces of knowledge and of their some centralised and some decentralised.
codification, the system would, in the long run, be-  The access levels do not entirely solve the poten-
come outdated. tial for “cognitive overload” (the constant exposure
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Fig. 3. Centralised and decentralised memories in Usinor.

to a flood of data, much of which is likely to be re- tion on the wall, a low cast iron temperature or a high
dundant) for the operators and other SACHEM users. level of slag index). Recommendations produced by
As a result, off-line analysis has been introduced in system can only be activated by an operator (he or she
order to afford explanations for the processes and can agree or disagree with the recommendation and
descriptions of the detailed technical characteris- act accordingly}®> To summarise briefly, the expert
tics observed. Off-line data can produce preliminary system collects different sets of data before making
representations of phenomena and some intermediaryany recommendation and the intermediary results of
results. Moreover, a signalisation process has been

introduced to provide qualitative and quantitative data '° Some suggest that the expertise rule used in SACHEM is
in “user-friendly” format (i.e. accessible to a large captured by the following statement: “If a decrease in the quantity

art of users) and 450 warninas or alarms have beenOf air present in a nozzle is signaled and within two hours an
P g increase, sufficient to compensate the previous decline, is also

set_up in order to produce a qu_a”tative d_escripti(_)n f)f signaled, then this nozzle is suffering from a blast furnace nozzle
various processes (such as an increase in gas distribupunctual passage blockCauvin et al., 2002



N. Lazaric et al./Research Policy 32 (2003) 1829-1847 1845

this process are given to operators in order to help to evaluate in simple monetary terms. The creation of
trigger a human reaction. The alarms prevent the ‘generic knowledge’ is also a strategy of ‘knowledge
system from becoming a mere “cognitive prosthesis” disclosure’, which prevents the company from losing
and have been designed to induce human reactioncrucial technical know-how and helps improve its
and the constant activation of human know-how. The capabilities at different business levels.
system can be activated with or without delibera- In Usinor's case, experts have now ceased to be
tion depending on the context and on the operator’'s the only disseminators of knowledge and have a new
personal engagement. The description of the systempart to play in the update and maintenance of exist-
and the architecture of SACHEM is illustrated in the ing organisational knowledge. The organisational con-
following table Fig. 2). sequences of this process are not neutral, of course,
A further opportunity to act on the basis of the asthey create centralised and decentralised memories,
generic information provided by SACHEM exists at parts of which could be tradable outside the firm. In
the company’s corporate level. In practice, a whole set other words, capabilities have changed: they are now
of different ontological levels co-exist with different less dependent on the human holders and are anchored
organisational memories. Thus, at the highest level we to the organisation and its shareholders.
find the centralised memory arising out of the work Social context and managerial input play an active
of the different communities of practice and IRSID, role in changing the content of knowledge. Partici-
whereas at the intermediate levels SACHEM'’s general pation, which is essential to the creation of a new
knowledge can be redeployed to create a variety of de- representation of the blast furnace, involves renounc-
centralised memories (applicable to the electric blast ing old beliefs (concerning technical events such as
furnace or to the casting process among other things). fluidisation), once prevalent among different ‘com-
These decentralised memories (Apache and Accept) munities of practice’ but also the discovery of new
were introduced at the end of 1999 and have benefitedroutes for R&D policy. The system relies substantially
directly from pre-existing generic knowledge collected on the permanent combination of local and generic
for SACHEM and relating to the steel process (for ex- knowledge for its improvement, as parts of it are re-
ample, some descriptions of the fluidisation process vised and updated by adding newly identified causal
are very useful in the determination of steel quality links between technical events. Tacit knowledge re-
and the description of granularity during casting). A mains essential by preventing the rapid fossilisation
representation of the centralised and decentralised lev-of the company’s know-how. As we have seen, entire
els is provided by the following table (s&ég. 3. strands of knowledge, which originally were deemed
to defy articulation, have been articulated over time
as new causal links between technical events have
5. Conclusion been discovered. New pieces of knowledge have also
been redefined thus increasing the meaningfulness of
In our view, the articulation and codification of pre-existing codified knowledge. This tends to prove
knowledge in the French steel industry is a manifes- that the problem of articulation and codification is not
tation of a new behaviour, driven by the willingness likely to diminish over time. Moreover, the likelihood
to capture value from knowledge assets, to improve declines further if we consider that translation into dif-
understanding of the knowledge associated with the ferent languages in itself transforms the actual knowl-
workings of the blast furnace and to increase the edge content.
furnace’s productivity and reliability. The firm has The organisational context provides additional
benefited from this transfer of knowledge and has, feedback for the general knowledge produced be-
in the last few years, improved its productivity, in- cause human beings and machines are not substitutes
creased operator reactivity, seen a global improve- but complements. This also implies the existence of a
ment in casting quality and a decrease in steel making new trade-off between local and codified knowledge,
related incidents. From a long-term perspective, the as some of the tacit knowledge embedded in the com-
creation of strategic assets involving the memorisa- pany disappears, while new forms of that knowledge
tion of most of the company’s know-how is difficult gain currency. This new trade-off is also a route to
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new associations that lead to a further enhancementcCohendet, P, Llerena, P., 2001. Routines, communities
of existing empirical know-how and to new insights and organizational capapilities. In:  Proceedings of the
into the workings of this industry. Consequently, DRUID's Nelson and Winter Conference, Aalborg, June

. . . . 2001.
knOWIedge repertoires and organlsatlonal routines Cohendet, P., Steinmuller, W.E., 2000. The codification of know-

are activated differently because new beliefs and |eqge: a conceptual and empirical exploration. Industrial and
new insights have been triggered and new automa- Corporate Change 9 (2), 195-209.
tisms at individual and collective levels have been Coombs, R., Hull, R., 1998. Knowledge management practices’
implemented. and path-dependency in innovation. Research Policy 3 (27),
239-255.
Cowan, R., 2001. Expert systems: aspects of and limitations to the
codifiability of knowledge. Research Policy 30 (9), 1355-1372.
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