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1.

The capitalisation of the know-how and experiences becomes a major issue of
the industrial world, especially in large companies. Lesson learned techniques
and experience capitalisation are possible methods for allowing the companies
to increase their knowledge on their internal processes. This paper aims at pre-
senting a study carried out with Alstom Transport on the "Experience Feed-
back" and "Lesson Learned" problems. We show how an Experience Feedback
(EF) process, mainly aiming at transforming data into information, then infor-
mation into knowledge, can benefit from an explicit modelling of concepts like
role, competence and knowledge of the actors. We also show how these con-
cepts may help to better identify the needs and potentialities of the actors, with
a twofold goal: increasing the efficiency and acceptability of the EF system to
be implemented on one hand, and improving the implication of the human
resources in the technical processes on the other hand.

Experience feed-back, Role, Competence, Knowledge

INTRODUCTION

In order to face the quick variations of their environment, the dynamics
of industrial companies have considerably increased, both in terms of prod-
uct evolution, organisational changes and people mobility. Therefore, the
capitalisation of the know-how and experiences becomes a major issue of the
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industrial world, especially in large companies which may be subject to an
important turn over, either internal or external. Lesson learned techniques
and experience capitalisation are possible methods for allowing the compa-
nies to increase their knowledge on their internal processes (see for instance
AHA 1999; BICKFORD 2000; DELAHAYE 1996). Therefore, being able to
re-inject the lesson learned into operational industrial processes becomes a
strategic issue of nowadays companies.

This paper aims at presenting a study carried out with Alstom Transport
on the "Experience Feedback" and "Lesson Learned" problems. This com-
pany designs, industrialises and ensures the maintenance of high technology
devices such as power modules or command platforms of the traction part of
trains, metros or tramways.

An essential factor for customer satisfaction is the high level of reliability
of the products, which must be taken into account form the design phase on
(Design For Reliability) and during the whole life cycle of the products.
Until a recent period, the management of the reliability aspects (including
diagnosis of problems and solutions) was completely dependent on the deep
technical expertise of specialists whose intellectual assets clearly constitute a
technical patrimony of the company. In that context, a project aiming at for-
malising a lesson learned process dealing with the expertise on defaults on
large components has been launched in 2001, in order to structure and capi-
talize explicit knowledge, but also to optimise the involvement of the
experts, which constitute a scarce resource in the diagnosis and solution
search processes.

We show in this paper how an Experience Feedback (EF) process, mainly
aiming at transforming data into information, then information into knowl-
edge, can benefit from an explicit modelling of concepts like role, compe-
tence and knowledge of the actors. We also show how these concepts may
help to better identify the needs and potentialities of the actors, with a two-
fold goal: increasing the efficiency and acceptability of the EF system to be
implemented on one hand, and improving the implication of the human
resources in the technical processes on the other hand.

The structure of the article is as follows: the experience feedback
experiment launched in Alstom is described with more details in the second
section. A modelling framework aiming at allowing a better description of
the way the human resources are involved in the technical processes is sug-
gested in section 3, whereas the application of this framework to the feed-
back process is described in section 4. Conclusions and perspectives of this
work are given in the last section.
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2. EXPERIENCE FEEDBACK IN ALSTOM

The input of the EF process in Alstom is the occurrence of an unexpected
situation (an event) during the life cycle of a device sold to a customer. Since
the event expresses an unexpected failure, a solving process is set up as soon
as it is detected. This process corresponds to a sequence of activities defined
according to a workflow that will lead, in the best situation, to the resolution
of the problem that resulted in the event (see the upper arrow of Figure 1).
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Figure 1. Global process to capture experience feedback from an event

Several activities are conducted by different groups of actors during this
expertise, and will be developed later on, namely:

e "Define", where the problem is carefully stated. This activity is per-
formed by a group of technical actors who first enhance the event
description with information about the context in which it occurred
(situation, working environment, first symptoms, etc.),

"Plan", where the schedule of the expertise tasks is defined.

"Analyse", where the identification of the problem is made and solutions
are suggested. A group of experts is built for that purpose, led by the
product manager, and consisting mainly of experts from the different
technical areas involved in the component (electronics, electrical engi-
neering, mechanical engineering, etc.), plus an expert on reliability.

o "Verify", where tests are performed on the products in order to check that
the solutions are relevant, i.e. that the failure can not occur anymore.
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e And when possible "Generate rules", aiming at making a generalisation
on several past analyses through rules which may concern the diagnosis
phase, the manufacturing of the component, or even its design.

In that context, and beyond the adoption of a good solution for the prob-
lem which occurred, the aim of the experience feedback process is to capi-
talise the results of the expertise and to learn from it.

All along the process, the experts are chosen according to the nature of
the problem to solve, determined by the type of occurring event. In that pur-
pose, a grid is available describing the various skills of each expert. Each
activity of the solving problem process feeds the EF database with EF
records that contain the expert analysis produced during the activity (see the
lower part of Figure 1). As stated above, the technical actors describe first
the context of the event, which helps the experts to understand what may
have happened. This context will also help later on to retrieve comparable
problems in the database. The fests which are performed in order to check
the first assumptions ("Verify" phase) are then stored. This structure enables
to define a product/expertise net where the nodes are the EF records (see
Figure 2).
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When the solving process is achieved, it may be judicious to build rules
that will be systematically applied in future developments of similar product.
These rules generalise and reinforce a set of previous experiences; the elabo-
ration of such rules involves one or several experts who will propose solu-
tions aiming at avoiding future problems according to a set of previous
experiments. Decisions are translated into rules which, once incorporated
into operational industrial processes, should prevent the failure to occur on
the same or on a similar product.

In all companies, high level experts are a scarce resource. Therefore, dif-
ferent categories describing levels of expertise have been identified at
Alstom in order to prepare a better assignment of these resources to tasks.
These categories have been defined according to the years of experience,
recognised skills, or types of problems already solved. They are: engineer,
specialist, junior expert, senior expert and master expert. Of course, experts
of higher levels are more seldom and costly. It is consequently very impor-
tant to optimise their allocation to the listed activities, but also to prepare the
access of young experts to higher levels of expertise. For that purpose, a
study has been launched in order to apply a framework developed in the
research laboratory of Ecole Nationale d'Ingénieurs de Tarbes (ENIT) aim-
ing at better identifying the characteristics of the people (operators or deci-
sion makers) involved in business processes.

3. A MODELLING FRAMEWORK FOR HUMAN
RESOURCE-BASED BUSINESS PROCESSES

Many different sources of improvements are currently implemented in
nowadays companies but although the involvement of the human resources
is always considered as the key of success, it is interesting to notice that the
actors are seldom explicitly described in the "as-is" or "to-be" processes.
Following this observation, a modelling framework has been suggested in by
HERMOSILLO et al. (2002) aiming at better integrating the human resource
aspect into business processes. This framework is described here after a
short panorama on the domain, and its relevance to the experience feedback
process is emphasized.

3.1 Competences and Roles in an Industrial Context

The models allowing to represent the characteristics of the human work-
ers have considerably evolved since the emergence of the two main ones:

o the trade model, coming from the guilds in the Middle Ages,
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e the job, employment or position model of the X VIIIth century, greatly
promoted by the Taylorism at the beginning of the industrialization proc-
ess.

In that context, the qualification model, still in use in most of the compa-
nies, gives a "Fordian" view on industrial manufacturing, mainly in order to
help the definition of minimum salaries (PARADEISE, LICHTENBERGER
et al. 2001). In response to the necessity to promote continuous improvement
and flexibility, a new model has emerged in the 80's: the competence model.
Instead of assessing a worker by comparison between pre-defined activities
related to a workstation and the ability of a worker to perform these activi-
ties, it mainly consists in directly qualifying the person on the base of the
competences which he possesses and can set to work (ZARIFIAN 2002).
The main goals of the companies which promote a competence approach are
identified by WUSTERMANN (2001) as the improvement of the individual
efficiency, the decrease of turn-over or the improvement of the technical
competences. Some companies give as the main reason of their choice the
necessity to develop new competences required by the enterprise
(STREBLER, BEVAN 1996) while it can also be considered that the con-
cept of competence may provide a common language and facilitate cultural
exchanges (STREBLER et al. 1997). The strategic interest of competences
has been emphasized in the 90's by the work of PRAHALAD and HAMEL
(1992) on the core competencies, suggesting a new way to consider the
competitiveness of a company.

In most of the recent approaches, a distinction is made between the com-
petences of a person (called here gained competences) and the competences
required by an activity (required competences) (FRANCHINI et al. 1999;
HARZALLAH, VERNADATH 1999). In parallel, and under different
labels, a difference is made between technical competences and behavioural
competences (PILBEAM, CORBRIDGE 2002), similar to the Aard and soft
competencies introduced by McCLELLAND (1973).

The competences can be analyzed at the level of an individual, gathering
all the techniques allowing to facilitate the emergence, maintenance and
development of personal competences (AMHERDT et al. 2000), but also at a
collective level (LE BOTERF 1998), or even at an organizational level
(SANCHEZ et al. 1996). A good summary on the different views with which
the competences can be considered can be found in the competence cube
suggested in the Manufacturing System Integration (MSI) research institute
(WESTON et al. 2003).

Being able to explicit how the competences of the human resources may
be deployed in an industrial process requires an intermediary which can be
found in the concept of role of an actor. Organizations can be considered as
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systems of interacting roles (KATZ, KAHN 1966), where a role is defined as
a set of activities, or as an expected behaviour. A role can be linked to a
workstation, or to an organizational position (SARBIN, ALLEN 1968). The
interpretation of the notion of role in the enterprise leads to define the
organization as a network of roles defined independently from the persons
who operate (SINGH 1992).

The modelling framework suggested in (HERMOSILLO et al. 2003) and
summarized in next section aims at correlating the concepts of role, compe-
tence and knowledge in a way which can be implemented within the enter-
prise, especially through the notion of business process.

3.2 Modelling Framework

The modelling framework that we suggest is centred on the following
concepts:

e Competence, which results from a combined implementation of knowl-
edge, know-how, abilities, attitude and behaviour. More precisely, it
encapsulates the ability of an individual to perform an activity in a job-
relevant area as well as what is required from an individual to realise
effective performance (HERMOSILLO et al. 2003). The control of inter-
actions in a process under all their forms - negotiation, production, regu-
lation, execution, etc. - and whatever the activity to be assigned, requires
individual and collective competences. We can identify six general com-
petences categories: technical competences, organisational competences,
analyse and decisional competences, competences of interpretation and
formalisation, adaptation competences and relational or motivation
competences, which can be directly related during industrial applications
to the role classification described below (ibid.).

e Role, which encompass a group of functions to achieve a purpose, based
on the application of role competences. Using the right person at the right
moment for the right activities defining a business process significantly
increases the probability that efficient, timely and high quality product
and service will be realised. Based on MINTZBERG’s work (1979), we
identify four generic classes of roles which could be found in any kind of
organisation: interpersonal roles (symbol, connection, leader); informa-
tional roles related to information flow (monitor, diffuser, spokesman),
decisional roles referring to the decision-making (contractor, regulator,
resources distributor, negotiator) and the operational roles related to the
implementation of knowledge (expert, operator, technical bond) (HER-
MOSILLO et al. 2003).
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e Knowledge, which is a fluid mix of framed experience, values, contextual
information, and expert insight that provides a framework for evaluating
and incorporating new experiences and information. In organisations, it
often becomes embedded not only in documents or repositories but also
in organisational routines, processes, practices and norms (DAVEN-
PORT, PRUSAK 1998). Knowledge can be created by persons having a
given competence (e.g. the experts of the experience feedback of
Alstom), but experts can also require external knowledge in order to be
able to apply their competences. It is for instance the reason why multi-
disciplinary teams are built in the Alstom application. Therefore, identi-
fying the required and available knowledge is also a key point for allow-
ing to efficiently use competences in an industrial process.

These concepts are related with the process modelling principles as
shown in the general model of Figure 3.

In this model we propose to distinguish between competences required
by an activity and/or gained by the actor. Each of these categories has vari-
ous types of basic competences which are described in the next section. The
actor uses several "informational resources" which allow him to perform his
role. These resources are divided into three categories, namely data, infor-
mation and knowledge. Information is a structured set of data, on which has
been added a meaning or an interpretation. Associating information to a
context in order to define application rules allows to build knowledge. It can
be verified that these definitions are fully consistent with the Experience
Feedback process implemented in Alstom.

Finally, a role is based on the application of competences, which are
always related to a specific activity including one or more tasks which
belong to a given process, with a mission to achieve.

This general model has been instantiated on a software database tool,
named COCOROL (connaissances, compétences, roles, in French), initially
allowing the user to describe a process as a network of activities (execution
or decision activities), where these processes can be described as either "as-
is" (description of existing processes) or "to-be" processes (description of
optimised processes). Secondly, it is possible for the user to describe deci-
sion activities in some detail according to the defined concepts (actors, roles,
competences and knowledge). The matching of human resources to "as-is"
and "to-be" processes can then be done. This allows the user and process
experts to know about:

required and available roles that can be assigned in the process,

the kind of competences that are required and available (in the company)
with reference to each activity, and when these resources are used in a
given process,
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e which are the data, information and knowledge sources and location, etc.

In order to be able to implement this conceptual modelling framework in
industrial applications, we show in the next section how these concepts have
been applied on the Alstom problematic.

Figure 3. General model of the suggested framework

4. APPLICATION TO THE EXPERIENCE
FEEDBACK PROBLEM

This framework has been tested on two representative activities of the EF
process (see Figure 4): "Analyse” and "Generate rules” by a working group
including researchers, project managers, experts and people from the Quality
and Human Resources Departments.

For both activities, the same roles have been identified: Leader (project
manager), Monitor (the expert in reliability, who merges external sources of
information for the group) and Expert. These roles have then been more pre-
cisely described using the functional jobs of human actors concerning the
analysed activities, for instance as summarised for the EF "Analyse” activity
in Table 1.

The required competences for each role in each activity have then been
listed. For that purpose, a list of typical competences has been built by
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merging a framework suggested by the researchers, based on comparable
studies, and a framework defined by the Human Resource Department of
Alstom, based on more operational issues. This framework lists:

e behavioural competences: organisational competences (compliance with
rules, autonomy, responsibility, etc., interpretation and formalisation
competences (ability to simplify problems, to structure information, etc.),
adaptation competences (open mindedness, adaptability, stress tolerance,
etc.)

e technical competences, regarding the various technical areas to be
considered.

EF Process f\"”wm

[Define { Plan H Do H verity

L
L Define the
_ problem

e,

i

|1
List components in failure

ANALYSE

Figure 4. EF process activities

All competences (19 behavioural and 20 technical competences) have
been assessed according to a five-level scale which degrees have all been
precisely defined.

The result of this first step is a required competence profile for each role
in each considered activity, represented on radar graphics. At a second step,
the actors fill up the same form together with their supervisor in order to
define their available competence profiles.

These first steps of course allow to make explicit some aspects of the
considered activities which are important for the expert allocation, e.g.:

o The "Generate rules" activity requires the highest level experts from a
technical point of view, but also people who are able to extrapolate the
possible consequences of rules on many different aspects of a product
life-cycle. As a consequence, they also need to have a very wide view on
the company and its strategy regarding its products.

e On the other hand, and even if their technical competencies are impor-
tant, "Analyse", like many collaborative activities, requires the actors to
be open and tolerant, able to clearly explain their point of view and
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understand the points of the others, which apparently are not always the
dominant qualities of senior experts.

Table 1. Functional role description in the "4nalyse” activity

FUNCTION ROLE ROLE DEFINITION

Product / Project Coordinator Management /

Manager Communication with client

Reliability engineer Monitor Qualitative and quantitative
data analysis + statistical
data processing

Power engineer Expert Power technical analysis

Component Expert Technical component

validation engineer analysis

The results of this study mainly consist in:

e A better understanding of the role of each actor in the experience feed-
back process.

e The identification of some divergences between required and gained
competences for some individuals, mainly concerning the use of internal
tools or standards of the company. This identification has allowed to
define a plan for improving the knowledge of the actors on these points.

e A better identification of the technical and behavioural differences
between the defined levels of expertise.

e Better positioning of the existing experts regarding the levels of expertise
(who is close to the next level, what points have to be improved for
allowing one to pass through the threshold, etc.)

As a consequence of the two previous points, it is now possible to com-
plete the existing plan for managing the experts in the company, but also
their evolution.

Unexpected points have also be found of interest after this study. For
instance, the comparison between expected and real competence profiles
may show that a person has not all the required competences, even if it can
be stated that he perfectly holds his role. This may show that other compe-
tences than those identified can be applied in order to perform the role. It is
in this case very interesting to explicit these competences, which may lead to
new degrees of freedom in the allocation of people to tasks (i.e.: "I need a
person who has competence A with level 2 or competence B with level 3.").
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Finally, the managers of the company, involved in the evaluation of their
subordinates, have found the competence referential much more comprehen-
sive than the job description which was previously in use. Therefore, it has
been suggested to describe all the jobs of the site using this framework.

Another lesson learned through this study was that, unlike what was ini-
tially feared, there has been no problem around the definition and use of the
behavioural competences. On the contrary, many people have found inter-
esting to at least see explicitly what was expected from them on that aspect.
Defining explicitly required behavioural competences is not anymore a taboo
in large companies, as soon as some support for improvement can be given.

Concerning the tools which have been defined, even if the "matching"
between the actors (available competences) and the roles (required compe-
tences) is simplified by this first analysis, it remains a complex activity
since, of course, there can not be a "perfect” matching between available and
required competences for activities, especially if several projects are in pro-
gress at the same time. Different types of "matching indicators" are now
tested in order to address this problem, with a view close to the "similarity
functions" used in Case-Based Reasoning,.

S. CONCLUSION

Within the Alstom company, a framework has been suggested in order

i) to better identify the needs of the actors involved in various activities of
an Experience Feedback process
ii) to better know which are the characteristics of the available resources.

Even if this experiment has given promising results, an important amount
of work is still required in order to efficiently support the allocation of
experts to tasks, but also the management of their career which is of prime
interest for Alstom in order to retain them within the company. Nevertheless,
in a very sensible area (identification of human competences) it is encour-
aging to see that a project which is clearly explained and supported at a high
level in a company can lead to operational results in a rather limited period
of time.
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