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Introduction— Constructive
ergonomics: A manifesto

Pierre Falzon

Fitting work to the human?

Since its early beginnings, ergonomics has set its goal as fitting jobs, envi-
ronments and machines to the human. The symposium that led to the cre-
ation of the International Ergonomics Association, which took place in 1957
in Leyden, the Netherlands, was thus called ‘Fitting the Job to the Worker’,
and the title of one of the earliest ergonomics books in France could be
translated as Fitting Machine to Man (Faverge et al., 1958). Today, this goal
certainly remains commendable — but is it enough? Does it provide an
adequate response to the needs of people, societies and organizations?

This book aims to provide new answers to these questions, starting
with the following statement: ergonomics cannot remain content with a
limited and static view of adaptation, a view that would restrict its goal to
designing systems that are suited to work as it is defined at a certain point
in time, to workers as they are at a particular moment, and to organiza-
tions as they operate here and now.

The objective of ergonomics must be development: the development of
individuals, based on setting up situations or action that lead to increased
success and to the acquisition or construction of know-how, knowledge and
skills; and the development of organizations, based on integrating, within
these very organizations, reflective processes that are open to the workers’
own capacity for innovation. Fostering the development of individuals as
well as the development of organizations is only possible if individuals have
sufficient operational leeway and freedom of action. This freedom of action
includes the ability to continuously build and rebuild the rules of work.

This book is not a handbook. Its goal is not to present a comprehen-
sive overview of ergonomics, nor of its concepts, models or methods. It

vil



viii Introduction

is a manifesto that aims to redefine the ambition of the discipline and to
describe some of the elements of its scope.

It advocates a constructive and developmental view of ergonomics. By
constructive and developmental — in this book, both terms will be used inter-
changeably — we mean to highlight the fact that individuals as well as col-
lectives of operators develop by interacting with the world, and by acting
upon it. Their actions aim both to understand the world and to transform
it. It is the constructive and developmental activity of subjects that consti-
tutes the driving force of learning, transformation and performance. In
contrast to a defensive approach to ergonomics, which would view work
mostly as a source of constraints, and the role of ergonomics as reduc-
ing these constraints, the goal of constructive ergonomics is to eliminate
obstacles hindering success and development. Constructive ergonomics
aims to maximize opportunities.

As we will see, the stake for ergonomists is to develop the enabling
potential of organizations, so that they might contribute simultaneously
and sustainably to improving the well-being of employees, to encourag-
ing the development of skills and to improving performance. Any orga-
nization has a more or less promising enabling potential. However, this
potential is often underused, unknown or unrecognized. In some cases,
it may even be hindered by the organization itself. The goal here is not to
create a new ‘enabling’ task that would complement existing tasks, but
to organize existing work so that it will enable individuals and organiza-
tions to make some progress (Falzon and Mollo, 2009).

Development as a fact, a purpose and means
Development as a fact

Let us begin by considering development as a fact: during and because
of professional practice, operators and collectives develop two kinds of
skills. On the one hand, they develop knowledge, know-how and strat-
egies related to the task itself. On the other hand, they develop knowl-
edge about themselves: which activities they have more or less mastered,
what is the maximum workload that can be undertaken safely, what is the
comfort zone of their professional practice, what strategies they rely on
to make use of themselves, what heuristics are available to make the best
use of their own resources, etc. The goal of these skills is twofold, as they
aim for both performance and well-being. They allow operators to better
achieve their goals, and to do so more efficiently, while avoiding hazard-
ous situations and protecting themselves.

Furthermore, over the course of time, operators undergo transfor-
mations. This is not just because of ageing; it is also because their career
paths may or may not provide them with opportunities for development.
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These effects of time may be beneficial or detrimental to various degrees,
depending on the concrete conditions in which professional activity is
carried out. First, these conditions influence the decline or preservation of
people. Second, they may encourage — or conversely, hinder — the acquisi-
tion of skills allowing operators to cope with work situations (e.g. know-
how related to caution and strategies aiming to conserve resources), as
well as the construction of collective practices for preservation and per-
formance. The challenge then becomes this: how can one design work
organizations that leave some operational leeway and some room for
the development of skills, practices and methodologies that encourage the
expression or the emergence of knowledge and know-how?

Development as a purpose

Therefore, ergonomists cannot remain content with viewing operators in
the here and now. They must take an interest in the conditions of devel-
opment, and in career and life paths. Hence, development is a purpose
of ergonomic interventions. The issue here is to contribute to designing
environments that allow human activity to develop in all of its aspects —
gestural, cognitive and social — while constantly aiming for the opti-
mal compromise between the objectives of well-being and performance
(Falzon and Mas, 2007).

The concept of ‘enabling environment” has been put forth following
this view. As a model, it makes it possible to integrate the various levels
of ergonomic action (Falzon, 2005; Falzon and Mollo, 2009; Pavageau et al.,
2007). This model was developed based on the works of A. Sen (2009),
particularly on the idea of ‘capabilities’ that he proposes. A capability is
defined as a set of operations that is truly accessible to an individual. A
capability implies the availability of a capacity (i.e. a piece of knowledge,
of know-how), but does not amount to that alone. It also implies a genuine
possibility to use this capacity. Thus, the use of a capacity implies favour-
able conditions and the existence of conversion factors, in the sense that a
capacity is converted to a genuine possibility. As an example, and draw-
ing from Sen, the right to vote is not a guarantee for an effective capability
of voting. The necessary conditions for a capability of voting include a suf-
ficient level of education, an effective and fair dissemination of political
information, an efficient organization of election processes and the right
to vote.

According to Sen, the goal of public policy is the development of capa-
bilities. Similarly, ergonomists aim to put operators in situations where
they will be capable of action, by acting on the conditions in which their
activity is to be deployed. Thus, an enabling environment can be under-
stood following three different points of view. The first is preventive, the
second is universal, and the third is developmental.
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From the preventive point of view, an enabling environment is an envi-
ronment that does not have detrimental effects on individuals and that
preserves their future abilities for action. Here, we find a standard aspect
of ergonomics interventions as they are carried out today: the goal is to
detect and prevent hazards, to eliminate exposure to toxic substances, or
alternately, to task requirements that might, in the long run, lead to defi-
ciencies or detrimental psychological effects, etc.

From the universal point of view, an enabling environment is one that
takes into account differences between individuals (anthropometric char-
acteristics, as well as differences related to age, gender or culture) and
that aims to compensate for individual deficiencies related to ageing, ill-
ness or disability. It is therefore an environment that prevents exclusion
and unemployment.

From the developmental point of view, an enabling environment is an
environment that allows individuals and collectives to

® Succeed, i.e. to apply their abilities in an effective and fruitful man-
ner. It is not just an environment that does not hinder abilities, but
one which makes people capable.

¢ Develop new know-how and new knowledge, broaden their oppor-
tunities for action, and strengthen their control over their tasks and
the ways in which these are carried out — in other words, their auton-
omy. An enabling environment is an environment for continuous
learning.

Development as a means

Finally, development is a means for ergonomic interventions. Project man-
agement and innovation rely on stakeholders to take a step back from
their own work practices. This is a necessary aspect of designing future
work. This can be aided by the use of simulations, confrontations of prac-
tices or training methods. Ergonomic action then becomes an opportu-
nity to begin a process of development and learning, whether this process
serves the design of organizations or that of artifacts. From this point of
view, the objective is both to foster processes of development through-
out the ergonomic intervention itself and to design work systems that
will promote development themselves. Hence, development viewed as a
means serves development viewed as a goal.

The latter point has one methodological consequence. Ergonomists
cannot promote development as a goal of the discipline without advo-
cating, in turn, methodologies of ergonomic intervention that encourage
development themselves. Active involvement of operators in processes of
organizational change and design is not an additional or optional feature
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of ergonomic interventions. It is a necessity, in order to ensure the consis-
tency of a constructive approach.

This affects the professional position of ergonomists in major ways.
Following a (very) traditional view of the field, the ergonomist is involved
as an expert in human factors, based on his or her general knowledge
about humans. The role of the ergonomist is to advise decision-makers
(project managers, designers, managers). Following a more comprehen-
sively equipped view of ergonomics, ergonomists add to this general
knowledge about humans further knowledge derived from activity analy-
sis. The ergonomist then becomes a representative of operators from the
point of view of project stakeholders, and a designer amongst designers.
In the view promoted here, the ergonomist becomes the linchpin of a
participatory design process, which is itself developmental, and aims to
achieve several goals at the same time: to transform the representations of
all stakeholders — operators, managers, supervisors, staff representatives,
etc. — and to achieve a satisfactory result — satisfactory implying here that
the situation produced allows development to go on.

This position does not imply in any way that ergonomists should
abandon the expertise that is their own. They should retain their knowl-
edge about the effects of specific forms of work organization on human
activity, about the methods that are useful for work analysis, about work
in the situations that they have analyzed or about work in other similar
situations, and knowledge about design and design methods. Depending
on the need of the hour, the ergonomist will rely on this knowledge, when
judged useful for the project to move forward. Therefore, this does not
involve resigning in any way from the profession of ergonomics, where
ergonomists would act as mere facilitators. On the contrary, it implies set-
ting new targets, where the ergonomist’s personal knowledge is placed in
the service of a developmental approach.

Developing individuals, collectives
and organizations

The central status of activity

Activity-centred ergonomics was built on a model that distinguishes
a task from an activity. This model views an activity as the product of a
continuous process that takes place within the subject. In this model, the
operator is viewed not just as the person who carries out a task, but as
the creator of his or her own mobilization. This mobilization relates, in
a context-sensitive way, the requirements of the task to the subject’s will
for self-protection, success and learning. The operator regulates his or her
activity depending on the results it produces, in terms of both achieving
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task goals and the effect this activity has on the operator and on collec-
tives of operators (Falzon and Teiger, 1995; Wisner, 1995).

This model may seem very humdrum to some because it is so closely
tied to the way in which they think of human work activity. And yet, it is
very far from being universally shared within the international ergonom-
ics community. This model, however, is operant; it allows us to understand
human activity as well as its effects: both the effects that are detrimental —
because they hinder or otherwise constrain regulation processes —and the
effects that allow operators to be satisfied with their work and to make
some progress. This is a model of an active subject, who is involved both
in carrying out work and with protecting and transforming him or her-
self. It is opposite to the model of humans as passively carrying out a
prescribed task.

In the past, the latter model has long prevailed, and indeed, it often still
does. Although it has never allowed comprehending work activity in any
relevant way;, it is the basis upon which Taylorian or Neo-Taylorian orga-
nizations have envisioned work, even in their most recent incarnations.
The increased demand of companies for greater quality (i.e. fewer defects)
is still often dealt with by increasing prescription (e.g. Taylorization, total
quality management, and more recently, Lean manufacturing processes
and the development of evidence-based medicine) — in other words, by
restricting operational leeway to a greater extent.

This view seems incapable of achieving alone the required levels of
system performance. Every day, work analysts note the constant contribu-
tion of operators to adjusting work situations and adapting rules. This
contribution is often seen in a negative way, as a violation of prescribed
rules. Instead, it should be viewed positively and encouraged. Autonomy
in decision-making, adaptive quality and safety are all required in order
to cope with variability, to optimize processes, and to assist in the comple-
tion of work goals.

A constructive model of activity

Here, we return to a classical model of the regulation of human activity
(see Figure 1.1), originally proposed by Leplat (1977), in order to adapt this
model to the constructive view we aim to defend here. Let us first remind
the reader of its main characteristics:

1. The model distinguishes task from activity. A task is defined per-
manently by a set of goals, a level of requirement, means, criteria
that need to be observed, etc., and temporarily by specific instruc-
tions, by the workload at any point in time, etc. An activity refers
to a mobilization of the subject. This mobilization relates only indi-
rectly to the task itself. The operator couples the prescribed task with
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Characteristics of ] Effects on the

the operator J '?‘

Activity of the
Soteline operator
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Figure 1.1 The model of regulation of human activity. (Translated and adapted
from Leplat, J., Lanalyse psychologique de l'activité ergonomie, Octares, Toulouse,
France, 2000.)

operator

Effects on the

task

elements that are specifically his or her own features: skills, repre-
sentations of the profession, state of being at a certain point in time.
From this coupling arise both the actual task — i.e. that which the
operator defines for himself or herself — and the mobilization of the
operator to complete this actual task.

2. The model distinguishes two types of effects of the activity: effects
on the task (e.g. the level of task completion) and effects on the opera-
tor (e.g. fatigue).

3. The model proposes two feedback loops to characterize the regula-
tion of activity. The first loop compares the operator’s initial state to
the state resulting from the operator’s mobilization. The second
loop compares the obtained results with the expected results.
Once again, activity can be adjusted depending on the results of
this comparison.

This model calls for several comments.

On the one hand, it should not make a clear-cut separation between
the effects on the task and the effects on the subject. Success leads to sat-
isfaction, and conversely, failure leads to frustration, hence the vertical
arrow we have added connecting the effects on performance to the effects
on the subject. It is worth noting that this connection is not mentioned as
such in much of the literature in ergonomics. Mostly, performance tends
to be viewed as a benefit for the system alone, as if the fact of succeed-
ing did not lead to well-being. However, the question of the criteria of
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performance remains open. The words above only make sense if the cri-
teria of success for the subject are identical, or similar, to the criteria of
success for the organization. Difficulties or disorders emerge when per-
formance is satisfactory with respect to the criteria of the prescribed task,
but unsatisfactory with respect to the criteria that the subject ascribes to
the task.

Second, the model seems to suggest that the coupling between the
task and the operator is a simple process of pairing the characteristics of
the subject with those of the task. This is not the case. This coupling may
occur with some difficulty for various reasons. In particular, task charac-
teristics may lead to difficulties in this coupling and in the mobilization
of the subject:

e The constraints of work, whether material or immaterial, can be so
strong that they leave only very little margin for manoeuvre. The
coupling will then take place with little or no autonomy, and the
possibilities for the regulation of activity will be almost nonexistent.
Because of this, the operator’s activity will be restricted to a single,
repetitive way of doing things, with some well-known consequences
on physical and psychological health: musculoskeletal disorders,
occupational wear and tear and job dissatisfaction.

¢ Prescribed requirements can be at odds with the operator’s own
wishes. This conflict can prove insoluble, leading to conflicts in the
subject’s mobilization. The operator can be mobilized in spite of him
or herself in order to achieve goals that he or she does not subscribe
to. He or she can be led to carry out work that is at odds with his or her
own standards of quality or personal ethics. From this point of view,
psychosocial disorders can be viewed as pathologies of coupling. An
impossible coupling leads to mobilizing the operator against him or
herself, and to making development impossible.

e These difficulties become even more severe when these disparities
and contradictions cannot be collectively debated within the organi-
zation. Each person then becomes locked in a solitary confrontation
with the organization and with its prescriptions. These difficulties
can only be resolved by an explicit debate concerning the rules of
work involving both organizers and employees — in other words,
through what de Terssac and Lompré (1996) term cold regulation.

Finally, and this is the most important point to us, the model aims
to account for the subject’s short-term functional activity. It features
a subject that is unstable in the short run (e.g. because of fatigue, or in
reaction to random events) but stable in the long run. Of course, this is
insufficient, particularly considering the vision we wish to propose here.



Introduction xv
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Figure 1.2 Long-term regulation of activity.

Operators change because of ageing, but also because work alters them
and because they alter work. These transformations may be detrimental —
e.g. occupational diseases and accidents — but can also be beneficial — e.g.
learning and development of new skills.

These beneficial transformations are the result of another regulatory
process, which operates in the long term, and which Figure 1.2 aims to illus-
trate. As subjects observe the effects of their activity on themselves, as well
as the effectiveness or ineffectiveness of their strategies and their related
costs, they elaborate internal resources: knowledge about oneself, new pro-
cedures and strategies — and external resources, and tools to assist work,
either adapted from existing tools or created ex nihilo. Functional activity
fuels metafunctional activity, which transforms the subject (Falzon, 1994).

Following the approach that we aim to advocate here, this second reg-
ulatory loop is crucial. The goal is to encourage metafunctional activities
and the development of skills as much as possible. The latter is viewed as
a necessity for both individuals and organizations.

Health, performance and development

The previous sections have established some connections between health,
performance and development. M. de Montmollin (1993) set a milestone
on this topic when he wrote one of the few existing texts concerning cog-
nitive health. In this text, he examines the relationship between cognition
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and health, and the connections between health, skill, mental workload
and stress. According to the author, cognitive health means ‘being com-
petent, that is, possessing skills that allow one to be hired, to succeed and
to make progress’ (p. xxxix, our translation). From this point of view, the
goal of ergonomics is to maintain the human-system pairing in a non-
pathological equilibrium, and to contribute toward the design of ‘a work
organization that will allow maximum efficiency to operators, that is for
them to apply their skills to the full extent” (p. xI, our translation).

As is the case for the physical aspects of health, this cognitive view
of health should include a developmental approach. Indeed, the question
is not just ‘'How can one design a work system that will allow the fruitful
application of thought?” but also ‘How can one design a work system that
will foster the development of competence?” (Falzon, 1996).

From this point of view, the goal of design should not be to suppress
all difficulties in work, but to provide workers with difficulties that are
manageable and interesting (Falzon, 2005).

To propose manageable difficulties means, on the one hand, ensuring
the availability of the social, cognitive and technical resources that are
required for work, and on the other hand, designing tasks with an ade-
quate level of difficulty. Specific situations may prove to be unacceptable.
This is related to an imbalance between resources and requirements, i.e.
tasks with high requirements being carried out with insufficient resources.

To propose interesting difficulties means that operators will have to
face situations with high stakes and overcome their difficulties, while
developing new knowledge and know-how. Of course, this does not imply
that every difficulty is an interesting difficulty. Operators often have to
deal with uninteresting problems: ill-suited prescriptions, ineffective or
incomprehensible procedures, unusable interfaces, impractical tools, etc.
These difficulties are pointless and counterproductive in terms of both
health and performance, and should be eliminated.

Human beings have a natural appetite for acquiring new skills. This
is a constant observation for every ergonomist. Operators develop know-
how, procedures and techniques because of and throughout the course of
their work. This spontaneous inclination toward learning and discovery
should be encouraged. It contributes both to the quality of the operator’s
work and to progress in organizations.

However, this appetite for learning has often been ignored by orga-
nizations. Moreover, these have made only timid attempts to organize
work so as to encourage learning, although the concepts of human capital
(Becker, 1964) and learning organization (Argyris and Schon, 1978) have
contributed to making ideas move forward.

Switching from a vision of work grounded in qualification to that of
work grounded in skill has been the first breach: what is expected is no
longer to be able to abide by a prescription, but also to be able to react in
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relevant and self-sufficient ways to random and unpredictable events. A
second related breach consists of a rising trend in prescribing work in terms
of assignments, rather than in terms of tasks that need to be carried out.
This evolution confirms changing expectations: operators are expected to
define what they are to do. Both breaches have the same consequence: the
sustained acquisition of new skills has become a condition of performance.

Therefore, acquiring skills has become crucial. Yet, skills are no lon-
ger constructed through repeated confrontations with identical or similar
situations, but by confronting and analyzing singular situations. There
has been a shift from implicit, only faintly conscious learning based on
repetitiveness, to explicit, conscious learning grounded in reflective prac-
tices, which can be either individual or collective.

A guide to the development of the reader

The contributions gathered in this book present a strong overall consis-
tency. They could have been organized in various ways. We have chosen
to divide the book into two sections, based on the distinctions introduced
previously on development as a fact, purpose and means. The first section,
Resources and Conditions for Development, focuses on development as
a fact and as a purpose, and examines the conditions that can encourage
development. The second section, Dynamics of Action and Dynamics of
Development, sets development as a purpose and as a means of action.
Methodological developments have an important place in this second part.

Rather than present each chapter of the book in succession, we have
proposed here a reader’s guide following three major topics. Each of the
chapters in the book can illustrate one or more of these topics.

Development as a factor of health and performance

The issue of skills and the conditions of their development is of crucial
importance in this book. Various chapters focus on this issue and on con-
ditions that are favourable or detrimental to the development of skills,
which are viewed as driving factors of health and performance.

Catherine Delgoulet and Christine Vidal-Gomel revisit the funda-
mental distinction between productive activity and constructive activ-
ity, which corresponds to the distinction, introduced above, between
functional and metafunctional activities. They identify some favourable
conditions — conditions that may potentially foster development — and
some unfavourable conditions for development, which combine a high
degree of prescription with a high level of uncertainty.

Yannick Lémonie and Karine Chassaing address the development of
professional gesture. They successively examine the mechanisms involved
in the production of motor acts, the active part played by operators in the
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construction of gestures and gestural variability, viewed as a resource,
and the conditions — which are reflective, and often collective — allowing
these developments to take place.

Although the development of gestural and cognitive skills is a clas-
sical topic in ergonomics, this is not so much the case for the develop-
ment of psychosocial resources. Yet, according to Laurent Van Belleghem,
Sandro De Gasparo and Iréne Gaillard, these resources should be seen as
a component of the functional activity of subjects and of the mobilization
of oneself, which is a requirement for any kind of work, just as one can
speak of physical or cognitive mobilization. Hampering the development
of psychosocial resources is no less pathogenic than hampering the devel-
opment of gestures.

The collective aspects of development are highlighted on multiple
occasions.

On the one hand, resources cannot be limited to only individual
skills: the work collective is, in itself, a resource that is constructed over
time. Beginning with the acknowledgement that the mere existence of a
team is not enough for it to be considered as a collective, Sandrine Caroly
and Flore Barcellini examine the conditions for the development of col-
lectives and collective activity. This leads them to distinguish collective
work from collective activity and work collectives. Justine Arnoud and
Pierre Falzon focus on the conditions encouraging the setup of transverse
collectives, i.e. collectives that involve different professions.

Furthermore, collectives contribute to the construction of resources.
Thus, when learning a gesture, collectives make it possible to pass down
a shared experience of the trade, as well as to conceptualize and put up
for debate the gestures involved in work (Lémonie and Chassaing; Six-
Touchard and Falzon). This is particularly useful in the case of tacit ges-
tural know-hows, which cannot easily be put into words. The collective is
also involved in the construction of skills to cope with night shift work.
Every person knows the detrimental effects of night shift work and work
in split shifts. Yet under specific conditions, operators may develop the
know-how and skills that will allow them to protect themselves and suc-
ceed. According to Cathy Toupin, Béatrice Barthe and Sophie Prunier-
Poulmaire, working time, although it can be constrained by scheduling,
can also become a constructed time, provided that the work organization
is open to transfers of practices within the work collective.

The issue of time is tackled in a different way in the chapter dedicated
to career paths. Corinne Gaudart and Elise Ledoux focus on ‘long’ time,
i.e. the kind of time involved in courses of work over the duration of a
career. They argue in favour of a longitudinal analysis of these courses of
work. Activity at any given time expresses the positive and negative expe-
riences of the past and directs future development. Processes of decline
and growth combine in a mutual dependency. Experience is the product
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of this constant reconstitution. Hence, passing on experience is a develop-
mental task.

Developing organizations through the development of practices

The issue of organizations intersects with several chapters, if not most
of them. Two points appear to be of central importance. First, an organiza-
tion cannot be reduced to a structure. It includes the processes that take
place therein. Second, an organization cannot be limited to its prescrip-
tions. It is the result of a continuous design process involving prescribing
organizers, who aim to confine work within sets of rules, and operators,
who aim to cope with the diversity of situations at work.

Thus, Fabrice Bourgeois and Frangois Hubault argue that the activity
of operators is an object that is both organized by the organization and
a reorganizer of the organization. This activity aims to adapt the orga-
nization of work whenever it is found wanting and insufficient to cope
with real work situations. From this point of view, activity is a resource
for organizations and contributes to the work of organizations. Adelaide
Nascimento, Lucie Cuvelier, Vanina Mollo, Alexandre Dicioccio and Pierre
Falzon argue a similar point in the case of the construction of safety. In
this field, two models confront each other: that of rule-based safety, where
safety is expected to be achieved by respecting prescriptions, and that of
adaptive safety, which views prescriptions as insufficient to deal with the
real world, either because it escapes them or because these prescriptions
are counterproductive or inefficient. These authors argue in favour of a
constructed safety, combining rule-based safety and adaptive safety.

This leads to the idea of a joint evolution of human activities and orga-
nizations. According to Johann Petit and Fabien Coutarel, organizations
undergo a continuous process of continuous transformation. Ergonomic
interventions should assist this process, highlighting flaws in prescribed
work, contributing to remedying these flaws, and setting up arenas for a
debate. The goal is to achieve an adaptive organization, which operators
might then be able to suit to their practices. Following the same perspec-
tive, Justine Arnoud and Pierre Falzon apply the instrumental para-
digm, introduced by P. Rabardel and described in this book by Gaétan
Bourmaud, to organizations. An organization is an artifact, a human cre-
ation. In order for it to become an instrument, its ‘users’ must be able to
both take it over and suit it to their own needs.

The constructive component of interventions

Interventions themselves are an opportunity for development, and it is
this development that brings about change. This constructive aspect,
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advocated in several chapters, is posed as an explicit goal for ergonomic
interventions.

According to Pascal Béguin, the success of a project aiming to design
an artifact — be it a technical or an organizational artifact — requires a
mutual learning process involving designers, on the one hand, and future
users, on the other. These stakeholders will discover the needs and pos-
sibilities of one another. In the end, designers and users design more than
an artifact: they design an instrument. This developmental view of design
is at the heart of the approach proposed by Flore Barcellini, Laurent Van
Belleghem and Francois Daniellou to support design projects. The issue
here is to join together ergonomic work analysis, a participatory approach
and the simulation of work. This approach encourages operators to take
over and implement the results of a project, as well as other project stake-
holders, to gain some control over these results. Indeed, the effects of this
approach impact operators and designers as well as decision-makers and
staff representatives.

In the context of an intervention aiming to prevent musculoskeletal
disorders, Fabien Coutarel and Johann Petit point out that the develop-
ment of professional activities in and through ergonomic interventions
constitutes a major lever for preventive action. This development results
from a combination of external margins for manoeuvre (i.e. the plasticity
of the work system) and internal margins for manoeuvre (i.e. individual
adaptability). The authors note that the manner in which an ergonomic
intervention is conducted can lead to sustained effects that reach beyond
the duration and perimeter of the intervention itself. Demonstrating a
possibility to act on working conditions and on the work environment
contributes to these later developments.

Several chapters offer methodologies intended to support develop-
ment. Vanina Mollo and Adelaide Nascimento propose some collective
reflective tools, all of which are based on confronting operators to the real-
ity of their activity and supporting exchanges that focus on these confron-
tations. These tools produce two types of results. First, they improve the
effectiveness of productive activity, and allow operators to reach better
solutions as well as a greater diversity of solutions. Second, they increase
the ability of collectives to debate about and cope with situations that they
have not yet come across. However, some prerequisites need to be met for
these tools to be effective: there is a need to take into account real work
activity, a need for a perennial collective, a genuine possibility of action
and the involvement of management.

Similarly, the methodology of co-constructive analysis proposed by
Justine Arnoud and Pierre Falzon aims to support confrontations between
the practices of operators working in different professions — and, in the
example described in Chapter 16, working on remote sites — contributing to
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the same process. Crossed visits were organized at significant times during
the activity. Observing the work of others and using this newfound visibil-
ity to support exchanges between professionals encouraged an awareness of
mutual dependencies, as well as the construction of a transverse collective.

Bénédicte Six-Touchard and Pierre Falzon propose a training course
in work analysis as a means to assist the work of experienced operators
who are required to tutor novices, as well as the work of the novices them-
selves. The goal is to help the experienced operators to convert their incor-
porated knowledge into knowledge that can be verbalized and passed on.
It is also to help the novices to convert their general ability to learn into
an ability to conceptualize based on experience. The training course in
self-analysis of work should allow them to acquire productive, functional
skills, and constructive, metafunctional skills.
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The development of skills

A condition for the construction
of health and performance at work
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Ergonomics has always been concerned with the development of opera-
tors, although this has not been at the heart of its research issues (Waterson
et al.,, 2012). In France, it has only been since the 1990s that ergonomics
has truly tackled this issue, in particular through the goals of transform-
ing and designing work tools and work situations — typically, in the case
of situations and tools for which it was compulsory to take into account
the professional skills involved, as well as their potential transfer and the
related training practices. Hence, the concept of skill gradually became
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essential in order to account for the fact that the activity of operators is nei-
ther haphazard nor completely predictable, and that it cannot be reduced
to a list of instant behaviours. More recently, ergonomics has made this
one of its main goals, through the concept of ‘enabling environments’
(Falzon, 2008).

Following this view, we will describe in detail the relationship
between skills and the two key dimensions of ergonomics — health and
performance — and the theoretical stance underlying this thesis. We will
then describe how ergonomics can contribute, on the one hand, to identi-
fying the situational conditions that are necessary for the design of work
environments, and on the other hand, to highlighting the organizational
and technical choices that hinder the development of skills through work
and for work. Finally, we will describe at length the contribution of ergo-
nomics to the design of training systems, viewed as a specific kind of sys-
tems aiming to develop skills, but also, indirectly, to transform work. In
concluding, we will return to the scientific and social stakes that remain
in order to support and develop the approach of constructive ergonomics.

Skills as a vector of health and performance

In ergonomics, health is defined as ‘an ongoing tentative construction ...
that can be hindered by situations encountered by the subject” (Daniellou,
2006). Health is dynamically constructed, through interactions with the
material, economic and social environment. Work is an important aspect
of this construction. It may be a source of adverse effects on health, but it
also provides possibilities for physical protection, self-fulfilment, social
recognition and the development of skills (Doppler, 2004). All of these
dimensions contribute to setting this dynamic balance, and to achieving
the professional goals of the operator.

The preservation of health through the development of skills

Montmollin (1993) is probably the first author to have highlighted the rela-
tionship between the cognitive aspects of activity and health. Montmollin
opposed health with ‘cognitive misery’, stating that the dynamic balance
that is implied in health also requires the development of skills. Following
Vygotski (1934/1986), it can be reasoned that the set of skills acquired by
a subject constitute so many psychological instruments, fostering the
development of higher mental functions and of capacities to apprehend
the outside world. Thus, at work, health occupies an intermediary space —
between ‘low load’, which is a potential source of boredom, disinvestment
and fatigue in the face of idleness, and ‘overload’, leading to overwork
and health hazards. The challenges here involve creating possibilities
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for development (Montmollin, 1993). A recent inquiry on the relations
between age, health and work (Molinié, 2005) identified a statistical rela-
tionship between the fact of ‘having or not having a job which makes it
possible to learn’, the feeling of ‘being capable of remaining in employ-
ment until retirement’, and the presence of health disorders and signs of
wear and tear. These results emphasize the role of learning, and more
broadly, development of the subject, in the construction of health at work.
They show the importance of being able to learn on an everyday basis,
within one’s professional activity.

The relations between skills and health can be viewed from many dif-
ferent angles. Identifying, understanding, anticipating and dealing with
hazardous situations — all of these rely on using individual and collec-
tive skills (Vidal-Gomel and Samurgay, 2002; Marc and Rogalski, 2008),
whether the hazards involved are hazards for oneself, for one’s team-
mates, for a technical system, or more broadly, for the users of a service
or for the general population. Operators’ skills are also involved in pre-
venting occupational diseases, and more generally in protecting their
health. In the meat processing industry, mastering how to sharpen a knife
implies constructing a representation of the edge of the blade, and con-
tributes to the prevention of musculoskeletal disorders (MSDs) (Chatigny
and Vézina, 1995). In the steel industry, elder operators in charge of pro-
cess control are able to diagnose the quality of steel based on the collection
of sensory information, thanks to the skills they have developed in past
experiences on the production line. These allow them to anticipate drifts
in production with a greater time span than younger operators. This sup-
presses the need for them to act in an emergency, which is, to them, a
source of added fatigue (Pueyo et al., 2011).

Following this, skills and their development are interesting to ergono-
mists for two reasons — performance and health.

Acting and understanding: conditions
for constructing performance?

Skills are partly developed in work situations, through the activity
deployed in the real world to complete a task. One can distinguish two
dimensions of activity (Samurgay and Rabardel, 2004): productive activity,
which is geared toward the production of goods and services, and con-
structive activity, which takes part in the development of the subject.
Constructive activity focuses on the experience of the subject, as a result
of productive activity. These two dimensions cannot be entirely set apart
and yet are different from one another. Constructive activities are related
both to carrying out an action in the here and now, to metafunctional
activities (Falzon, 1994), whose goal is notably to construct tools to be used
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in the future, and to reflective activities (Schon, 1983). These various fac-
ets of constructive activities foster awareness (Piaget, 1974/1976), and thus
conceptualization — understanding the determinants of the success or the
failure of an operation.

Conceptualization is elaborated over time, within professional envi-
ronments that are more or less facilitative. It provides operators with new
means to complete tasks and to construct health at work, e.g. through an
extension of ‘fields covered by their representations” and of the ‘temporal
tield’, allowing anticipation; through a greater ‘resistance to disruptions’
in work situations — disruptions that will be neutralized, partially com-
pensated or integrated within the realm of normal work” (Vidal-Gomel
and Rogalski, 2007, Weill-Fassina, 2012). Analyzing these processes and
the conditions of their maturation highlights a stake of ergonomic inter-
vention: to contribute to the design of enabling environments (Falzon,
2008) that preserve the health of operators, allow them to integrate the
company and to remain within, while fostering learning and providing
the means to carry out tasks.

Thus, studying the processes of the development of skills also implies
studying the issue of performance from the point of view of the organiza-
tion (production, quality, safety, time, etc.), but also from that of people
eager to provide ‘quality work’, work that is carefully performed (Clot,
2012). In this case, performance is also related to health, as revealed in cur-
rent work on psychosocial hazards (Gollac and Bodier, 2011). As ergono-
mists, we do not view performance solely in a positive light, as a level of
mastery, expertise or success in carrying out a task as it is prescribed or
expected to be performed. The errors made or difficulties encountered
when striving to achieve the requirements of high-quality work are just
as interesting as the successes of an expert. The skills underlying suc-
cesses or failures are just as worthy of our attention in order to under-
stand to what extent, and how, it is possible (or impossible) to achieve a
set of goals, while preserving or strengthening health (or not doing so)
over time (Vidal-Gomel and Samurgcay, 2002; Weill-Fassina and Pastré,
2004). It is by confronting these skills with real-world work situations that
analysis will allow us to identify the ingredients necessary to building
the conditions of sustained performance, in spite of the uncertainties that
are part of any work situation, and in some cases, of the impossibilities
that are created in these situations.

In our view, work so far has remained in the background of dis-
cussions regarding the relationship between health, skill and perfor-
mance that we wish to present. We will address this now, highlighting
the possibilities or impossibilities of development that are fostered by
work environments.
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Work environments for the development of skills

Temporal and situational aspects of work are crucial in the construction
of skills, whose development is neither random nor predetermined. This
development is strongly related to the real-world work situations in which
operators evolve (Weill-Fassina, 2012). These situations may or may not
be ‘situations of potential development’, i.e. situations that fulfill a set of
conditions necessary to ‘starting off and supporting the processes of skills
development within individuals or groups of individuals” (Mayen, 1999,
p. 66, our translation).

Favourable conditions: Potential situations
of development and mediation

The first of these conditions relates to the connection between the actual
skills of a person or collective of persons, and the features of the profes-
sional situation they are involved in. This connection can be described
from the idea of an ‘envelope of situations’ (Rogalski et al., 2002), which
corresponds to the zone of proximal development of individuals and of the
collective (Vygotski, 1934/1986). This envelope comprises situations that,
in order to be apprehended, require some learning and the implementa-
tion of mediations that can be based on tools (e.g. support tools), on peers
or on other people (e.g. tutors, trainers). Situations that are included in
this envelope are well-known, even routine situations. Situations that are
outside of it cannot be considered, taking into account the skills that have
been acquired so far.

Other conditions are related to the features of work situations them-
selves, which may be a source of mediations (Samurgay and Rogalski,
1998). The work organization that is implemented, the type of tasks or
missions that need to be completed, the actual conditions in which they
are carried out, and the ways in which people are employed and their
professional histories are managed within organizations will colour and
drive the development of skills, or hinder it.

Highlighting the fact that skills are developed through the situated
realization of activity shows the importance of the processes of mediation
based on work situations, but also on peers. These two types of processes
are strongly interdependent. Let us once again take the example of pro-
cess controllers in the steel industry (Pueyo et al., 2011). It is because both
the work organization and the conditions of activity realization allow
elder workers to carry out their tasks with sufficient decision latitude
in temporal and operational terms (e.g. leaving the control room to go
examine steel production with the naked eye) that these operators have
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been able to preserve, transfer and utilize the skills related to evaluating
the quality of steel, which they had acquired previously by occupying
positions on the production line. Peer-based mediation (Delgoulet et al.,
2012b) can take shape in action itself (with many people carrying out an
action together), in the ‘off-peak’ periods of work (e.g. in commuting peri-
ods or times of equipment maintenance), following incidents, or during
periods occurring ‘at the edge of work” (e.g. break times). Mediation is
not always one-directional, but can also allow mutual improvement. The
skills acquired are related to technical knowledge and know-how, but also
to more labile and implicit knowledge, that is specific to a community of
practice (e.g. ethical considerations, work values, etc.) or to more ‘strategic’
knowledge, such as ‘’knowing how to manage operational leeway” (Teiger,
1993), ‘know-how of caution’ (Cru and Dejours, 1983) or handing down
‘care’ (Gaudart and Thébault, 2012). These make it possible to protect one-
self from hazards to one’s own — or to other people’s — health, without
doing away with task goals.

Weill-Fassina (2012) noted that these mediations, both situational and
peer based, operate whenever the (situation-specific) room for manoeuvre
is sufficient to allow operators to develop responses that are suited to
real-world situations. Constructing this room for manoeuvre depends
in part on situated activity, at both the individual and collective levels.
More broadly, it depends on the activities of designing work situations,
work tools and work environments. Ergonomists can then contribute to
this construction, by taking into account the three dimensions that define
‘enabling environments’ (Falzon, 2008).

Detrimental conditions: Between strong
prescriptions and uncertainty

Yet, some work situations do not foster this interplay between productive
and constructive activity. The connection between the two can thus be
endangered in two opposite types of situations (Weill-Fassina, 2012): on
the one hand, when rules and prescriptions are too numerous, too strict
or contradictory, and when they constrain human activity and its regula-
tions, and on the other hand, when no rules exist, generating excessive
uncertainty with respect to the available skills and to potentially grave
consequences for oneself and for the sociotechnical systems. Furthermore,
work situations that are overly routinized, which have led to the elabo-
ration of automatic behaviour and do not allow the introduction of con-
trolled variation in the repetition of this behaviour, are well known to be
situations that are no longer conducive to development. On the contrary,
they stifle and hinder it (Leplat, 2005). Other features of work situations,
such as the temporal organization of tasks, can be blamed. Drawing once



Chapter one:  The development of skills 9

again from the meat processing industry, sharpening a knife is an essen-
tial skill to prevent musculoskeletal disorders (MSDs), but it cannot be
acquired in real-world work situations, because no time is allocated to
completing this task (Chatigny and Vézina, 1995).

Furthermore, the constructive dimensions of human activity — whose
importance for professional development we have stressed above — can
be minimized when little space is devoted to them in work. Whereas
some types of organizations — such as ‘learning organizations” and ‘Lean
production systems” — imply a continuous development of operators, the
rise of market constraints in many different fields of professional activ-
ity (e.g. through subcontracting, outsourcing or working in networks of
subsidiaries), the diffusion of information and communication technolo-
gies, automation, as well as the increase in time constraints, all lead to a
contraction of time periods that are not viewed as immediately related
to production, at the cost of spaces for learning and reflection. Time that
might be devoted to welcoming new recruits or to collective exchanges
on work practices is reduced, or even prohibited (Delgoulet et al., 2012b),
leaving each individual faced with his or her own responsibilities, doubts
and difficulties at work, leading to potentially detrimental effects on pro-
duction, and on the health or safety of people and systems. More broadly,
it is often a ‘sequence of determinants’ that can be identified as a source
of hindrance (Cloutier et al,, 2012): from the macro-organizational level
(development of low-security jobs, failure to renew employees who retire)
to the level of work collectives (work overload, individualized perfor-
mance assessment), including the local level of a single department or
production workshop (high turnover, split shifts with no overlap). All of
these factors contribute to weakening the peer-based mediation process.

Therefore, all work situations cannot be seen as ‘situations of potential
development”. The ergonomist’s action relates both to identifying these
situations and to transforming them, in order to contribute to the design
of enabling environments. However, this is not enough: it is not always
possible, or even desirable, to learn in the course of one’s work. Therefore,
initial and continuing training remains an essential lever of development,
which ergonomic action should contribute to.

Designing training systems: The development
and transformation of work

As early as the 1950s, ergonomic work analysis took an interest in issues
of adult training (Lacomblez, 2001). Interactions between ergonomics and
training design have continued since, although some sources of misun-
derstanding remain. These can be explained by examining the initial
goals of ergonomics, which sought first and foremost to suit the job to
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the worker, whereas training design might be construed as having the
opposite goal. However, since the 1990s, some ergonomists have been
developing a different approach to ergonomics in occupational training
(Lacomblez et al., 2007).

Following this approach, the contribution of ergonomics to training
design fosters the development of new skills. The analysis of work (in its
productive and constructive dimensions) is viewed as a primary drive
in the design of training programs, or can constitute a tool and an object
for training operators and transforming work situations (Delgoulet et al.,
2012a). It can also be argued that what is at stake in training, from the
point of view of both the activity of trainees and that of trainers, relates to
ergonomic issues of health and performance.

Work analysis as a means to construct the external
consistency of a training system

Thus, it has become commonplace to claim that analyzing work activ-
ity is ‘a prerequisite for training’ (de Montmollin, 1974, our translation),
in particular because the real-world work, the needs and the difficulties
of operators often remain little known. As a consequence, training sys-
tems can be designed based on idealized work situations (organizational,
material and physical work conditions, level of involvement of customers
or users, etc.), all of which can hinder, or even block, learning processes
or can make them ineffectual in professional situations (Delgoulet, 2001;
Santos and Lacomblez, 2007).

Here, we would like to emphasize another contribution of ergonom-
ics to training design, which concerns work situations that do not make it
possible to learn a trade well enough. Work analysis in real-world situations
makes it possible to uncover these impossibilities, and to design situa-
tions of training by transforming the features of these real-world situations
so that they might support the acquisition of new skills.

Such is the case for work situations that are associated with a high
accident risk, or whose occurrence is too rare for in situ training to be a
credible possibility. In these cases, simulation-based training is favoured,
e.g. in the nuclear and aviation industries, or in the medical field. Such
high-risk systems have a long tradition of investing in operator training,
but it may not be the case for other fields, notably when operator tasks are
viewed as being simple a priori. The activity of delivering ready-for-use
concrete is one such case. Thus, hazard prevention and incident recov-
ery can lead only to in-class training sessions lasting only a few hours;
in contrast, the procedures involved cannot be learnt in real-world situa-
tions because of the related risks, nor can they be handed down by peers,
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because they are little known. Thus, experienced operators who had taken
part in these training programs did not know the procedures for recover-
ing these incidents, which could prove fatal (Vidal-Gomel et al., 2009).
From there, work analysis becomes an essential tool to identify the
difficulties of operators in real-world work situations, in order to ensure
the external consistency of training programs (Delgoulet, 2001) and to
design training systems that make it possible to achieve levels of perfor-
mance that are satisfactory to both organizations and stakeholders.

Work analysis as a tool and an object for training

This conceptual turn has also made it possible to apprehend the relation-
ship with training considering, on the one hand, work analysis as an object
for training, and on the other hand, ergonomic interventions as formative
actions (Dugué et al., 2010). These two aspects are also justified by the
fact that ergonomists, at the turn of the twenty-first century, are subject to
an increasingly pressing need to go beyond a ‘classical’ process of diag-
nosis and its related recommendations. The rise of ergonomic interven-
tions coupled with design projects, the need to accompany transformative
action through the implementation of participatory design practices, and
the wish to ensure the sustainability of ergonomic action have all led
ergonomists increasingly toward the field of training design.

The stake here is to depart, once and for all, from the position of the
ergonomist as an expert of the situations and solutions that should be
constructed, so as to accompany various audiences toward a practice of
analyzing work activity, as a part of training systems geared by and for
action (Teiger and Montreuil, 1996; Six-Touchard and Falzon, this volume).
Thus, ‘relay’ people within the company can be sensitized or trained
(e.g. through close supervision by line management) in order to ensure the
continuity of ergonomic action, which is primed in the ergonomic inter-
vention, usually with no guarantee of sustainability. This is the case for
the participatory approaches that may be used for the sustained preven-
tion of health disorders (Gaudart et al., 2012).

These training programs aim to transform the initial representations
of trainees, by emphasizing the value of real-world work as opposed to
prescribed work, by opening the space of possibilities in the interpreta-
tion of situations (from a self-centric approach to a collective and shared
approach). Beyond this work on representations, these training programs
all claim to contribute to transforming representations of work situations,
by providing stakeholders of these situations with suitable tools. In this
case, training programs and ergonomic interventions are intertwined and
feed off one another.
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Analyzing activity during training programs in order
to strengthen their internal consistency

Finally, activity analysis during a training program can follow multiple
goals: improving existing training systems, designing tools for training
stakeholders, or improving the initial or continued education of trainers,
as well as their work conditions.

Analyzing the learning activity of trainees can reveal mismatches
between training situations and the characteristics of these trainees, spe-
cific difficulties related to learning, or alternately, the diversity of strategies
involved in learning (Cau-Bareille et al., 2012). Most studies emphasize the
cognitive aspects of activity. Some rare studies have focused on its cona-
tive, i.e. affective and motivational, aspects. Indeed, some studies have
shown that training could be a source of anxiety for elder operators, nota-
bly when it is intended to accompany deep changes in work —e.g. comput-
erization of company services or changes in management (Delgoulet and
Marquié, 2002). Following the same view, Santos and Lacomblez (2007)
have identified in trainee fishermen a fear of losing occupational knowl-
edge that they had acquired previously, when attempting to learn a new
way of using one of their everyday tools. Thus, analyzing the activity of
learning in its cognitive and conative dimensions has led to the identifica-
tion of major obstacles to learning, and to designing training situations
that will allow these obstacles to be countered or circumvented.

The design, evaluation or transformation of learning tools is often
an opportunity to highlight the need to jointly address the activities of
trainees and trainers (Six-Touchard and Falzon, this volume). The train-
er’s tools are a source of constraints for the work of learning that is done
by the trainees themselves. Similarly, a tool that is intended for trainees
will be off-target if it does not take into account the work of trainers and
how it is effectively carried out (Vidal-Gomel et al., 2012). Thus, during
a program aiming to train operators in automotive maintenance to deal
with car breakdowns, trainers completed the insufficient resources that
had been provided to them by using the experience of breakdowns
that had been acquired by trainee garage operators (Anastassova and
Burkhardt, 2009).

Finally, from the end of the 1990s onward, many authors have used the
contributions of ergonomics to analyze the work of teachers, thus break-
ing away from a tradition that considered teaching from a strictly peda-
gogical point of view. However, although the activity of schoolteachers
has been the focus of much research work, the activity of trainers, instruc-
tors, tutors, etc. working in professional domains is much less well known
(Olry and Vidal-Gomel, 2011). An in-depth debate aiming to improve their
work conditions, while remaining mindful of their health and safety, is
sorely needed. In the current context of economic pressure, evolutions in
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management practices and technology, professions and the conditions of
professional activity are transformed. Trainers are involved in this change
in two key ways: their profession leads them to accompany these muta-
tions and changes of work, and they are, themselves, subjected to them
(Tourmen and Prévost, 2010). In this case, activity analysis highlights the
new tasks and missions assigned to trainers, as well as the difficulties they
encounter and their impact on health (Delgoulet, 2012). Amongst the dif-
ficulties that have been identified in this way, the following can be noted:
the diversity and concurrence of multiple responsibilities for some train-
ers, the variety of tasks which they carry out, the pressures related to time
management, and the long workdays. These studies also highlight the
existence of subpathological disorders, intense feelings of fatigue, as well
as risks of MSDs. All of these elements question the true possibilities that
these operators have for professional development.

Discussion and conclusion

In this chapter, our goal has been to show how ergonomics contributes
to the development of operators by supporting the development of their
skills at work and in training. This, in turn, contributes to the preservation
of their health, their safety, and more broadly, to the performance of the
sociotechnical systems they are a part of. Over the course of our analysis,
the classical ergonomic topics of the design and transformation of work
situations have crossed the path of development (Béguin and Cerf, 2004).
Four reasons can be found for this:

* The development of operators, through the construction and con-
solidation of their skills, is closely related to their health.

e This health and this intelligence of operators, and the operative
trade-offs they are able to make in the face of unforeseen events in
work situations, depending on existing margins of manoeuvre, are
a factor of performance.

e The activity of trainers, the activity of trainees and the analysis of
these activities can nourish the work of designers by contributing
to the process of designing future tools and situations for train-
ing. They can also foster mutual learning between designers and
operators/future users.

* An ergonomic approach to training renews the debate on design
domain (e.g. organization or workplace design), in the sense that its
goal is, once again, to construct situations of potential development
that will allow the activity of operators and trainers to deploy.

These are, no doubt, new issues and new research topics that are open-
ing up for ergonomists — but also new challenges that face the theoretical
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and methodological frameworks that they use, as well as the social context
of their action, which seems, sometimes, to exhibit some contradictions.

Thus, the early work that has focused on the activity of trainers has
suggested the usefulness of work analysis as a tool to improve their
work conditions, their health and their safety — and also to help develop
their skills. This work also stresses the limitations of the theoretical and
methodological principles used in ergonomics to account in total for a
profession whose conditions of work and employment are widely recog-
nized as being poorly accessible, very varied and short-lived (Chatigny
and Vézina, 2008; Delgoulet, 2012). The isolation introduced by poor
job security further accentuates the labile character of this profession —
where, for example, the boundaries between life at work and outside of
work are difficult to bear. All this stresses news challenges to ergonom-
ics interventions.

Finally, although national and international institutions have set the
goal of learning and development throughout life, the actual contents of
training programs are not always relevant to fostering the development
of skills. Furthermore, the current context of intensification of labour —
which may continue in the years to come — challenges training systems
and the possibilities for development in work situations. Indeed, the
time that can be devoted to constructive and metafunctional activities,
including during training, tends to become shorter. The long-term acqui-
sition of experience, which supports expertise and the preservation of
health, has been made random by the popularization of low-security jobs.
Organizational systems and evaluation systems have led to the individu-
alization of work and to the deterioration of solidarity in work collectives.
These are situation-based and peer-based forms of mediation that have
weakened or disappeared, and conditions that constitute hindrances to
the development of operators. All these are issues that research and inter-
ventions in ergonomics should contribute to identifying and to under-
standing. This will allow ergonomists to act in a constructive perspective,
holding together the goals of health and performance.
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Ergonomics is interested in the collective aspects of human activity.
It views these aspects being subjected to constant adjustments. These
adjustments take place in the interactions between the operator and the
context of his work. The goal of this chapter is to present a constructive
view of the development of collective activity. This activity will be viewed
as connecting the collective work that operators are involved in with the
work collective that they belong to.

In the first part of this chapter, we will present the concept of work
collective — as a resource for the development of health and collective
work, as a resource for the development of performance, and finally, as
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one component of effective and efficient collective activities. In the sec-
ond part, we will describe the organizational and material conditions
that are crucial to developing collective activity. Finally, we will highlight
the need for ergonomics to focus on the work that consists in organizing
environments so that they may enable the development of this collective
activity — and, as a consequence, the need to focus on the activity of the
people who organize these environments.

Articulating collective work and the work
collective within work activity

Collective work as a resource for performance

Collective work refers to the ways in which operators may cooperate, in a
more or less effective and efficient manner, in a work situation (de Céssia
Pereira Fernandes et al., 2010; De La Garza and Weill-Fassina, 1995). It is
therefore defined in relation to the task that the partners of collective work
are involved in, and relates to their performance with respect to achieving
the goals of this task. Collective work implies processes of task allocation
and knowledge sharing. These processes are related to the implementa-
tion of adjustments within the activity.

Many kinds of sociocognitive resources can foster the production of
effective collective work (Caroly and Weill-Fassina, 2007, Carroll et al.,
2006; Darses et al., 2001; Salembier and Zouinar, 2004; Schmidt, 2002):
opportunities for operative synchronization —i.e. coordination — between
participants, the construction of a common frame of reference (COFOR),
reciprocal knowledge of the work of all the persons involved, and a shared
reference concerning the state of progression of the process, which implies
the development of situation awareness.

Operative synchronization defines the possibilities for coordination
between participants involved in collective work (e.g. Darses et al., 2001).
It aims to ensure the attribution of tasks between the partners of a collec-
tive work, and its organization in time (e.g. starting and stopping points,
simultaneity, sequencing and rhythm of actions that need to be carried
out). This coordination is never completely prespecified (e.g. through pre-
scribed procedures). It is constructed by the partners and involves com-
munication — both verbal and nonverbal — between them (Heath et al.,,
2002; Salembier and Zouinar, 2004). In particular, this communication
allows the implementation of adjustment processes that ensure the effec-
tiveness of collective work (Guerin et al., 2006). Coordination processes
emerge as crucial elements for monitoring unexpected events and avoid-
ing accident situations (de Keyser, 1991).
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A second type of resource that is typically mentioned in ergonomics
relates to the possibility for participants in collective work to cognitively
synchronize with one another (e.g. Darses et al., 2001) — that is, to construct,
maintain and update a set of ‘shared knowledge’ that allows the partners
of collective work to manage the dependencies connecting their individ-
ual activities. This knowledge is based on a set of situations experienced
together, and on trade-specific knowledge and beliefs that are historically
and culturally constructed (Salembier and Zouinar, 2004).

Two types of knowledge appear to be essential for effective collec-
tive work:

® On the one hand, participants must be able to construct shared
knowledge regarding their field of activity (technical rules, objects
of the field and their properties, problem-solving procedures, etc.).
This shared knowledge is also termed common frame of reference
(COFOR). This framework comprises the ‘functional representations
shared by operators, that guide and control the activity which they
carry out as a collective’ (Leplat, 1991; Hoc and Carlier, 2002). In order
to construct the COFOR, the agents of collective work must be able to
take part in activities geared toward clarification (Baker, 2009) and
explanation, in order to negotiate and construct a shared under-
standing of the situation (Salembier and Zouinar, 2004), but also to
conceptually adjust to one another (Karsenty and Pavard, 1998) and
to construct the more stable knowledge that is necessary for collec-
tive work. For example, the construction of a common frame of refer-
ence (Leplat, 1991) becomes crucial when dealing with failures of the
work system and when controlling hazards.

® On the other hand, in the ‘here and now’ of a particular task, par-
ticipants must be able to construct a representation of the current
state of the situation that they are involved in (knowledge of facts
related to the state of the situation, of the contributions of partners
involved in the task, etc.), also known as awareness (Carroll et al.,
2006; Schmidt, 2002). The construction of this awareness is sup-
ported by practices whereby participants, by cooperating and cop-
ing with their own emergencies and unforeseen events, are able to
‘sense’ what their colleagues are doing and to adjust their own activ-
ity accordingly (Schmidt, 2002). They must therefore ‘remain sensi-
tive to each other’s conduct’ (Heath et al., 2002, p. 317). However, this
does not imply merely supervising the activity of one’s partners, but
also making visible the elements of one’s own activity that might
be relevant to others (Heath et al., 2002; Salembier and Zouinar,
2004; Schmidt, 2002). Therefore, the construction of awareness is
not just an opportunistic process resulting from the affordances
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of a situation. It also relies on the ability of the partners of collec-
tive work to recognize, interpret and understand each other’s con-
ducts and the resources that are available to them (Heath et al., 2002;
Salembier and Zouinar, 2004).

The work collective: A resource for the development
of health and skills

Collective work must be distinguished from the concept of the work col-
lective. Indeed, ‘all collective work does not (necessarily) involve the exis-
tence of a work collective’ (Caroly, 2009). Yet, many studies tend not to
make a clear distinction between what is related to the work collective
versus what is related to collective work.

For ergonomics, a work collective is constructed between operators
who share goals related to the realization of ‘quality work” —i.e. work that
is in accordance with the criteria that they themselves ascribe to ‘effective
work’, and with the meaning that they give to this work. The work collec-
tive, thus created, exerts a function of protecting the individual’s subjective
relationship with action. This protective function expresses itself, notably,
through the collective’s ability to construct — or reconstruct — standards
and rules to frame action, in compliance with the criteria of quality of
work, to manage conflicting relationships at work, and finally, to give
meaning to the work. The collective allows each of its members to access
this meaning and the criteria of a ‘job well done’ through the ‘rules of
the trade” (Cru, 1988). These rules are grounded in a history that struc-
tures exchanges between people at work and fosters the mobilization of
the subject in his or her own activity. In this sense, the concept of work
collective refers to something more than just a collection of individuals.
The collective is a part of the activity, and not just a determining factor of
the work situation.

Following a constructive view, two aspects of a work collective should
be taken into account. First, the work collective emerges as a resource for
the development of health in a broad sense. It allows an individual to ‘take
care’ of his or her own work and, from this point of view, contributes to
individual health. Furthermore, it fosters learning and the development of
skills. This development is, in itself, a driving element in the preservation
of health (Delgoulet and Vidal-Gomel, this volume).

The work collective allows the preservation of the health of its mem-
bers, in the sense that it ensures that the debate about work does not focus
directly on issues related to personality, but on issues related to activity
and work organization. The existence of a work collective leads opera-
tors to debate the meaning of their actions, and to share means of dealing
with situations that are a source of conflicts of goals within their activities.
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Thus, the work collective provides a number of ‘gestures of the trade” and
a set of ways of doing ‘quality work” — in the sense that operators them-
selves ascribe to this term. These may help operators find, in their activ-
ity, ways and means of doing things that are suited to the situation, such
that they might foster the preservation of health and the construction of a
meaning of work.

More specifically, the work collective plays a part in preserving psy-
chosocial resources (Caroly et al, 2012) and preventing musculoskeletal
disorders (MSDs) (de Cassia Pereira Fernandes et al., 2010; Lemonie and
Chassaing, this volume). For example, conflicts of goals are present in the
everyday work of police officers (Caroly, 2011). When confronted with situ-
ations involving persons with low job security, should one arrest them at
any cost to achieve the goals of the ministry, or not arrest them in order
to prevent the situation from worsening further and to ensure quality of
service? When the work collective defines a set of situations in which offi-
cers should not intervene (e.g. referring a homeless person to a shelter,
requesting that a person go to the nearest police station to identify himself
or herself, phoning a mother so that she agrees to hand her children over
to her ex-husband, etc.), police officers construct a debate about the quality
of work, using criteria that allow them to cope with the conflicts of values
and ethical dilemmas that they encounter in real-world work situations.
Conversely, in other work situations —e.g. in call centers, or Neo-Taylorian
work situations in general — there are few opportunities to rely on the
work collective. This leads to a heightened pressure on operators, who
can no longer take care of their own work, and whose subjectivity is con-
stantly put at odds because of the double binds that cannot be resolved by
the work collective.

The work collective provides a support for innovating regarding
the various ways of ‘doing work’. It allows innovative forms of learning
because it supports inquiry, confrontation and debate between the mem-
bers of the work collective.

The need to develop collective activity

The work collective is mainly thought of as a resource for health, whereas
collective work relates to the effectiveness of collective action. Yet, collec-
tive work and the work collective are linked together in the realization of
the activity of subjects. Indeed, the collective is a resource for activity in the
sense that it makes collective work more ‘operant’, for example, through
the construction of shared rules to deal with outside constraints, which
makes it possible to enrich the common frame of reference. Furthermore,
since it supports the collective management of situations, the collective
supports cooperation rather than the individual management of these
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situations. For example, it allows the implementation of age- or experience-
related adjustments, which allows dividing up efforts, but also supports
members of the group who are confronted with difficulties to achieve the
goals of their tasks. Finally, collective work empowers operators at work
(Clot, 2008) — and therefore makes collective work more effective.

Conversely, experiencing situations of collective work in action is a
means of developing the work collective. The collective does not really
exist prior to action. It is created through opportunities to act together.
It relies on work situations that provide practical experiences of collec-
tive work, which are an opportunity for subjects to commit themselves to
the work collective.

In order to account for this connection between the work collective
and collective work, we have proposed the concept of collective activity
(Caroly, 2009). The implementation of a collective activity pursues the goals
of health, effectiveness and the development of values that are specific to
that activity (i.e. the meaning of work for operators who are involved in
exchanges with their colleagues about the quality of work in the trade).
This collective activity allows the development of individual skills, allows
these skills to complement each other in work, and enriches the liveliness
of the work collective (Caroly, 2009). Thus, collective activity cannot be built
solely on the basis of a sum of different individual activities, but through
constant toing and froing between the activity of a subject, the implemen-
tation of collective work, and the operation of the work collective.

Collective work and the work collective are the two linchpins in the
production of a high-quality collective activity. The work collective sup-
ports the development of skills, learning and the preservation of health;
effective collective work supports the achievement of task goals. But this
is only possible under specific conditions. Following a constructive view,
ergonomics must therefore foster the development of a collective activity
by acting on the organizational and material conditions of work that fos-
ter the construction of collective work and of the work collective.

Supporting the conditions to develop
collective activity

Following a developmental perspective, the goal of ergonomics is to support
collective activities by creating the tools and the means that are required
for its development: to support the development of representations of com-
petence and quality in the work of others, to construct spaces in which to
share the criteria of the quality of work, to develop organizations support-
ing the processes of ‘reconstruction of rules’, and to design tools to sup-
port the development of resources for collective activities, via intermediary
objects and technological devices to support collective activities.
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Supporting the recognition of skills
and quality of work in other people

Collective activity rests on knowledge of other people and on the recogni-
tion of their skills. Recognition of skill takes place not only in the verti-
cal relationships between the hierarchy and operators. It also occurs in
the horizontal relationships between operators themselves. Recognizing
competence in another person, such as a colleague, is a necessity for col-
lective work, and it enriches the work collective. Thus, this recognition
can foster collective activity because it gives rise to cooperation in action
and implies effectiveness in the work collective. If collective work is
acknowledged and supported, this can contribute to the implementation
of metafunctional activities regarding specific work situations. This can
help operators to become aware of their own experience and to formalize
their own skills — possibly in order to pass those skills on.

Theories of recognition (Gernet and Dejours, 2009; Dejours and
Deranty, 2010; Honneth, 2012) share the idea that recognizing quality in
the work of another person implies recognizing quality in the work and
in the individual. The recognition of competence, as a condition for the
development of collective activity, poses questions regarding how each
person contributes to production and cooperation, but also on how values
and standards are debated in the collective. Furthermore, assessing the
competence of other people and the quality of their work are two driving
forces behind constructing a relationship of mutual trust that is essential
to developing a collective activity, for example, in order to communicate
efficiently (Karsenty, 2011). Indeed, one cannot simply order by decree
that a relationship of trust should exist. This relationship is constructed
through interactions between professionals, in particular through the
assessment of matches or mismatches between the expectations of the
protagonists involved in work and the results obtained by their colleagues
(Karsenty, 2011). Therefore, there exists a strong relationship between the
possibilities of assessing competence and quality in the work of others
and possibilities of constructing a relationship of mutual trust.

Ergonomics must assist the recognition of competence in the protag-
onists of collective activities. By using elicitation or confrontation tech-
niques (Mollo and Nascimento, this volume), it may make it possible to
formalize the skills developed by all the people involved in specific work
situations — often while being at odds with the expectations of work. Thus,
it leads operators to question themselves concerning what they know
about each other, about their skills and their weaknesses.

Recognizing competence and quality in the work of others is a pre-
requisite for setting up debates regarding the criteria used to judge the
quality of work, which are an essential part of collective activity.
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Constructing arenas for debate in order to share
the criteria for assessing the quality of work

In order to support the development of collective activity, the work collec-
tive must provide the means to support debates regarding the values, the
relevant aspects of activity, and the conditions necessary to performing
quality work (related to effectiveness, the preservation of health and the
construction of the meaning of work). To do this, ergonomics should fuel
discussions between operators focusing on the real-world work activity
and on the conflicts and injunctions that are posed in specific situations. It
supports a debate about the quality that is sought by each person in one’s
activity. It acknowledges that the criteria of work quality are related to
the resources that are available and the obstacles that are encountered by
everyone in their activity. Therefore, these criteria may differ depending
on each person’s way of thinking and acting. They do not depend on the
performance criteria defined by the organization for each task, but on
the real-world activity and what it requires from workers.

In a constructive approach, ergonomics must take responsibility for
supporting debates about the work activity, so that members of the work
collective might enter into a dialogue, regarding both the difficulties
encountered at work and the internal and external resources of activity.
This implies providing the collective with specific methodological tools,
particularly with discussion spaces for operators from a same craft, that
allow the criteria of work effectiveness and the values mobilized in a work
activity to be discussed. To achieve this goal, several methods should be
used more directly in order to collectively construct the criteria to judge
the quality of work: methods of ‘crossed auto-confrontation” and allo-
confrontation or differential judgement of risk acceptability (Mollo and
Falzon; Mollo and Nascimento, this volume).

The ergonomic approach can help the work collective to construct
a point of view regarding what views should be defended in terms of
the quality of work. Debating the criteria of the quality of work is a pre-
requisite for any transformation of work situations. It makes it possible to
define evolutions in the organization that should be derived from negotia-
tions between all of the stakeholders involved (e.g. management, design-
ers and staff representatives).

Developing an organization that supports the reelaboration of rules

The possibility of constructing or reconstructing rules shared by a col-
lective is a crucial condition to the development of collective activity.
Debating the criteria of quality of work, but also the rules of the trade
and their reconstruction, plays a part in making the collective work, and
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in enriching it. It is instrumental to the effectiveness of collective work
and exerts a protective function on the health of individuals (Cru, 1988).
Reconstructions of rules by the collective aim not just to alleviate the con-
straints of work that derive from prescriptions of the hierarchy, but also
to manage conflicts within the goals of the activity by finding ways of cir-
cumventing them to complete ‘a job well done” (Caroly and Weill-Fassina,
2007). Organizational conditions that allow a confrontation with the ges-
tures and practices of other members in the collective, and debates about
the values and meaning expressed in work, are all essential to ensuring
both the learning and the reconstruction of rules (Bourgeois and Hubault,
this volume; Arnoud and Falzon, this volume).

Several organizational conditions must be met in order for the process
of reconstruction of rules to take place:

* The rules implemented by the organization must be able to support
the adjustments that are collectively put in place by the operators in
order to compensate for the misgivings and the contradictions ema-
nating from the organization. For example, when the failure to apply
a prescribed rule occurs in order to manage risks, the collective must
reconstruct these rules so that they can be adjusted to the real-world
work activity. The operational leeway created by operators within
their activity, or provided by the organization, for operators to adapt
to the difficulties of their task must be completed with the opera-
tional leeway provided by the work collective (Caroly et al., 2012).

® The operational leeway provided by the organization of work must
help the implementation of operative adjustments, and the construc-
tion of metarules that define the collective rules for using the prescribed
rules. These are constructed through a confrontation with a varied set
of experiences, and require time and the sharing of experiences.

e Individual adjustments, the attribution of tasks based on age and
experience, must all be made possible within collective work. Thus,
the collectively redefined rules must allow for the specificity of every
person within his or her activity without hindering the production
of collective work.

Constructing intermediary objects to support collective activity

The presence of intermediary objects is another condition for the develop-
ment of collective activity, notably because these objects support debates
about the criteria of quality of work. Boujut and Laureillard (2002) define
these objects as ‘a general category embracing all types of artifacts, whether
physical or virtual, produced by the participants [of collaborative work]
during their work’. These intermediary objects foster exchanges aiming to
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construct operative and cognitive synchronization, the common frame of
reference and awareness. Their function is one of mediation, both for the
worker in relation to his individual activity and for collective activity, by
acting as support tools for a joint reflection on the situation. In this sense,
intermediary objects can provide concrete grounds to a discussion and
support the debates regarding the quality of work and the shared goals
of operators.

In a constructive approach, these intermediary objects constitute
instruments of the collective activity that ergonomists can contribute to
develop. Ergonomics must make these instruments visible to agents who
are not always conscious of their existence, in order to support a con-
frontation between them regarding the goals of production and quality.
Furthermore, to support the development of collective activity, ergonom-
ics must also take part in designing intermediary objects that will make it
possible to debate various points of view and to foster controversies. For
example, ergonomic approaches to design already integrate some inter-
mediary objects of design — e.g. simulation devices — that allow the stake-
holders of design to develop shared representations of the object being
designed and to remember the controversies that take place surround-
ing the future activity — and hence the development of these activities
(Barcellini et al., this volume).

Designing technical systems to support collective activity

Situations of collective work are increasingly equipped with computa-
tional tools aiming to support collective work. However, these technologi-
cal systems are often designed with the goal of supporting the prescribed
collective work — or even the prescribed coordination of tasks — not in
terms of supporting the construction of a collective activity. For example,
in most cases, these tools include a model of workflows, corresponding to
a prescribed view of the coordination processes between the partners of
collective work (Salembier and Zouinar, 2004). The introduction of such
tools is often accompanied by an impoverished context of action, even
though this context is a crucial element in understanding the activity of all
the people involved and the possibilities to construct an awareness of the
situation (Salembier and Zouinar, 2004) and a common frame of reference.
Finally, few tools provide a direct support to construct representations
focusing on the skills, roles and expertise of the other protagonists—
i.e. what has been called a ‘social conscience’ (Barcellini et al., 2010). This
restricts the possibilities for using these tools as a potential resource for
the development of a work collective.

There is therefore a genuine risk of rigid work processes working deeply
against collaborative work by impairing adjustments, communications
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and the construction of the common frame of reference. These may be
made impossible because of the technical systems involved, but also
because of the impossibility of accessing or recognizing the work of
others, of sharing quality criteria, and because of goal conflicts that are
reified within technical systems. In the medium term, it is the opportuni-
ties for the development of the work collective that may be restricted, leav-
ing its agents with no resources available to preserve their own health.

How, then, can one design technical systems that both support collec-
tive work and allow the development of the work collective? Some of the
limitations outlined above may be dealt with by proposing an approach
to accompany the design projects of technical systems, so that they might
aim to jointly develop these technologies, the organizations in which they
are to be integrated, and finally, the future activity of operators (Barcellini
et al., this volume).

One of the goals of this approach is to act on the design of a technical
artifact, so as to allow the development of a collective activity:

® On the one hand, this involves contributing to the development of
functions to support collective work (coordination, awareness, con-
struction of the common frame of reference, etc.), for example, by
proposing ways of representing the actions of operators, that make
it possible to access both these resources and the information that is
present in the environment (Salembier and Zouinar, 2004).

® On the other hand, this also involves contributing to the develop-
ment of functions that support the development of the work col-
lective. Such functions should relate to possibilities of constructing
representations of other people’s skills, and to functions aiming to
help formalize quality criteria used by one participant or another.

However, it is quite unlikely that technology in itself would be enough
to support the development of a collective activity. This approach aiming
to accompany design projects must also contribute to designing the over-
all work situation in which the technical artifact is due to be deployed. It
must therefore also support the redefinition of those rules in the organiza-
tion that the technical system will contribute to transform.

Finally, the implementation of an ergonomic approach to design is
an opportunity for the development of activities (Barcellini et al., this
volume; Petit and Coutarel, this volume) — and therefore, of collective
activities, since it should support — notably when simulations are used,
the processes aiming to redefine the rules of work, and the discussions
focusing on the quality criteria that are necessary for the development of
a work collective.
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Conclusion: The development of enabling
environments and the importance
of the activity of proximity management

Producing and developing a collective activity is therefore a task for oper-
ators. This task requires the development of tools and organizations to
support the connection between collective work and the work collective.

More broadly, the approach we have developed in this chapter con-
tributes to the current reflection on the design of enabling environments —
in our case, that enable the development of a collective activity. As we
have argued, issues surrounding rules and the redefinition of rules, and
discussions focusing on the criteria of quality of work are essential in the
development of a collective activity. This suggests that there is a dire need
to work on the design of enabling organizations. An enabling organization
supports the development of rules that are acceptable for an activity —both
an industrial activity and a collective activity (Petit and Coutarel, this vol-
ume; Falzon, 2005; Arnoud and Falzon, this volume) —i.e. rules that make
it possible to develop a quality activity accounting for goals related to the
development of health (in a broad sense) and to performance, and to sup-
port a debate regarding the design of quality work (and the values related
to this work).

The means that ergonomics may consider using to transform these
organizations are twofold. One of these means is to help managers to be
able to recognize in what ways operators reorganize their own work, and
how this allows them to fuel a debate about the meaning of work and of
quality work; to take this into account in the process of redesigning an
organization; and to design organizations that leave room for these debates
and allow for the reconstruction of these rules. A second means is to sup-
port these debates during the design process itself, through the imple-
mentation of organizational simulations that will foster controversies
between operators about the rules and the meaning of work.

In other words, in order to be able to act efficiently on organizations
and their design, ergonomics should now focus more on the activity of
people involved in organizing work — on their constraints, their resources
and their strategies — in order to make all of these elements evolve toward
a better integration of collective activity in the reorganization of work.
It is only then that the environment can become enabling for collective
activities. This also means that the equipment used to support a collec-
tive activity (e.g. technical devices, actor networks, discussion spaces,
means to pass on experience) should be investigated directly by ergono-
mists in the course of their interventions.
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The recent social and political emergence of ‘psychosocial hazards’ (PSHs)
in France (Salher et al., 2007), Europe (Leka et al,, 2011) and several indus-
trialized countries (Kortum et al., 2011; Lippel and Quinlan, 2011) such as
Canada (Shain, 2009), Australia (Johnstone et al., 2011) or Japan (NDCVK,
1990; Herbig and Palumbo, 1994) has questioned ergonomics to an unusual
degree. Although ergonomics is, quite rightly, called upon to respond to
this challenge — undoubtedly, PSHs have an impact on human work — it
cannot do so without first reinstating, in its model of human activity, the
psychical and social dimensions of work, which had so far been largely
absent from the literature, and in so doing, reinstating in this model a
theory of the acting subject.

Two hypotheses might explain this absence. The first hypothesis
relates to the expectation that the psychosocial dimension of work has few
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functional aspects, and that it would be, at first glance, of little operational
interest to ergonomics’ goal of ‘fitting the job to the worker’ (IEA, 2006).
The second hypothesis relates to the subjective nature of this psychosocial
element, which would make it more relevant to the psychology of subjects
than to the psychology of activity.

And yet, work situations require personal and collective mobilization.
Personal mobilization operates both at the level of the engagement of a sub-
ject, which corresponds to an involvement of oneself in a work activity,
and at the level of efficiency, which relates to the search for a response
that is both operational and economical to the requirements of produc-
tion work. Collective involvement relies on interactions between subjects
who agree with one another regarding ways of doing things and lines of
conduct to keep to.

This psychosocial mobilization is not a given fact, nor is it stable once
it has been achieved. It is constantly renewed in the face of real-world
situations. It gives meaning to actions that are yet to come, which in turn
give meaning to actions that are immediately carried out. In other words,
engagement in work is also a work of engagement. This process contrib-
utes actively to the development of the acting subject. It also contributes
to the development of the social system, through the interactions that
individuals undergo with one another within an organization, in order to
coordinate themselves and to cooperate with one another. The dual aspect
of work, both psychological and social, constitutes the driving force in the
development of activity.

The emergence of psychosocial disorders at work indicates a slow-
down, or even a standstill, in this dual development. As a result, the social
system (notably cooperation) and the health of operators are both affected.
One can then talk about a situation of ‘disrupted” activity.

Hence, prevention can no longer be content with aiming to protect
employees against risk factors that are solely external to the activity itself. It
must also support the development of this protection, based on implement-
ing a constructive approach to health in employees themselves and in the
system. It must contribute, at the same time, to the development of the sub-
ject and to that of the social body. It is a key issue for ergonomics to under-
stand how to support this development — not only because it contributes to
the prevention of psychosocial hazards, but also because it contributes
to the emancipation of individuals in work and because of work.

In this chapter, we will present in turn:

¢ The features of the psychosocial dimension of work that make it pos-
sible to understand the issues behind its development, but also how
this development can be hindered, leading to psychosocial disorders.
® The dynamics behind the development of this psychosocial dimen-
sion, which rely on a dual process of mobilization of the subject when
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faced with the real world, and of sedimentation of the results of this
mobilization. This dual process allows learning through (past)
actions and learning for (future) actions. It is at work both in the
acting subject and in the social system composed of the various actors
engaged in the work organization.

¢ The stake of the ergonomic intervention is to convert the develop-
ment of the psychosocial function into an operational goal. The aim
is to do away with a strictly preventive approach of risks, which
often aims to protect operators from intangible external nuisances,
and to reach for a constructive approach of human activity, which
relies on optimal possibilities for development and for the mobiliza-
tion of skills in individuals and work collectives. The simulation of
work, but also the implementation of spaces to discuss and debate
real-world work, should contribute to this.

The psychosocial dimension of work:
A forgotten dimension

From psychosocial hazards to the psychosocial dimension of work

Psychosocial risks® (PSRs) are poorly named. Indeed, the psychosocial
dimension of work is not a risk in itself. If we are to talk about the adverse
consequences of work on employees, it would be preferable to talk about
psychosocial disorders (PSDs) (Van Belleghem and De Gasparo, 2014) just
as one talks, for example, about musculoskeletal disorders (MSDs). PSDs
can then be defined in this way: they refer to a set of symptoms (stress, ill-
being, restlessness, tension, etc.) that can develop into more severe forms
(anxiety, suffering, burnout, depression, somatization) and lead to specific
types of behaviour (aggression, violent behaviour, addictive behaviour,
harassment) that affect the intimate sphere of the worker or his or her
relations with others (De Gasparo and Van Belleghem, 2013). The risk then
refers to the probability that psychosocial disorders should arise in and
because of work.

Now that this definition has been clarified, one can consider psychoso-
cial disorders at work as the symptoms of adverse impacts of work on the
psychosocial dimension of everyday work, which relates to the psychical
(e.g. motivation, engagement, subjectivity, values, etc.) and social (coop-
eration, mutual assistance, protection strategies) engagement of workers.
This perspective is also followed by Clot (2010) when he suggests using the

" In France, psychosocial hazards are socially appointed, including by the government,
such as psychosocial risks (risques psychosociaux). This ambiguous terminology, we
believe, is inappropriate and should be discussed.
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acronym PSR to designate psychological and social resources of people at
work. These resources must be understood in order to be cultivated.

Indeed, this dimension should be recognized by ergonomics as one
that contributes to structure activity (as a resource), and not just as a
related feature (one that is considered to be poorly functional), viewed
as some kind of failure of the work system, or as related only to the fields
of psychology, such as, for example, occupational psychology (Clot and
Kostulski, 2011) or psychodynamics (Dejours, 2012; Deranty, 2009).

Indeed, psychosocial disorders emerge precisely when the psychoso-
cial dimension is not — or is no longer — recognized in its positive aspects
by the work organization. Ergonomics needs to learn to make use of this
discovery. Itis also an opportunity for the discipline to recognize a dimen-
sion of work that it has forgotten. Yet, this recognition is by no means
a revolution in activity-centred ergonomics, since it merely reminds us
of the fact that personal mobilization is required for workers to deal with
the discrepancy between prescribed work and real work that is present in
every work situation (De Gasparo and Van Belleghem, 2013). Ergonomics
must claim this dimension as its own.

From this point of view, if we define work as the real activity deployed
by workers in order to achieve the goals they aim to achieve, one must
consider that this activity is constructed based on the following:

® Set goals, prescribed procedures and means available to the worker
(i.e. prescribed work)
® The real work situation, as it is in the moment where activity is
carried out, which generates variability and unpredictability (real-
world activity)
* The physiological, psychological and social dimensions involved in
any activity, which allow:
* A mobilization of the body in action: gestures, efforts, abilities,
dexterity, etc.
* A cognitive mobilization: representations, forms of reasoning,
strategies, regulations, etc.
¢ A psychical mobilization of the worker: motivation, engagement,
competence, subjectivity, etc.
* A collective mobilization: cooperation, mutual assistance, collec-
tive strategies, contributions to the rules of the trade, etc.

Here, the psychosocial dimension does indeed act as a dimension
contributing to structure work in addition to the more classically consid-
ered physiological and cognitive dimensions. It makes it possible to deal
with the events of real-world work by emphasizing the possibilities of
action that are available to operators and by ascribing a subjective value
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to regulations that take place within work (allowing satisfaction related to
a ‘job well done’), the development of skills (allowing recognition), collec-
tive regulations (useful to cooperation), etc. It also relies on opportunities
for debate (questioning, mutual assistance, attentive listening, etc.) and
for thinking (keeping up a capacity for judgement, ensuring that action
is consistent with one’s own values) that are crucial to any activity. Being
able to act, debate and think (Daniellou, 1998) are the conditions that are
indispensable to the worker to face real-world situations. The psychosocial
dimension structures them together by giving them a subjective consis-
tency. However, this dimension is not a ‘given’ it is constructed within
and through activity itself.

The development of the psychosocial dimension:
A driving force of activity

The psychosocial dimension of ordinary work is not set in stone. As are all
of its other dimensions, it is in constant development. Indeed, it is through a
confrontation with real-world events, which are always unpredictable and
always complex, that this psychosocial dimension is called upon. It is also
through this confrontation that workers find ways of ‘working things out
in spite of everything’ — by inventing new ways of doing things, new ways
of dealing with work situations, new ways of acting when faced with real-
world constraints, new ways of cooperating, and by giving them meaning.

This renewed novelty is a part of the development of workers’ activ-
ity. This is not just in the area of efficiency, which is characterized by an
operational search for an answer to the requirements of production work
within a theory of action, but also in the area of subjective engagement,
corresponding to the involvement of oneself in work activity and in inter-
actions with other people.

Therefore, any activity situation, whenever it implies a new mobili-
zation of the subject, should be viewed as a situation of activity that is
‘under development’. Similarly, any event — even it is to be considered a
constraint — is an opportunity for workers to overcome, thus providing
them with opportunities for operative and subjective development.

Every event processed in this way, whenever it is set within the
workers’ possibilities for acting, speaking out and thinking, is given new
meaning. This new meaning is usually stronger than the involvement that
was required to overcome the event. At a time where work shifted from
‘a social definition where it was viewed as the rapid execution of gestures
or elementary operations ... to an approach where work can be considered
as an intelligence and as a relevant conduct of events’ (Zarifian, 1995, p. 7,
our translation), one can easily understand the importance that the mean-
ing ascribed to the events of work and how they are managed can have to
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the contemporary worker. The pride that workers can draw from having
been able to deal collectively with an unforeseen and delicate situation
is just as important as the specific know-how that they were able to con-
struct at that time. Here, the subjective value of the activity is not uncon-
nected from its operative value. The effectiveness of action does not just
produce an effect — it also produces meaning.

Thus, the development of the psychosocial dimension strengthens
the individual in the search for a balance when faced with the constraints
of work — including one’s own requirements (values, expectations, health
etc.), the requirements of the activity (to contribute to the quality of produc-
tion or of a service, etc.) and the requirements of the collective (to cooper-
ate, to coordinate with each other, to support one another, etc.), including
in situations where constraints are strong or particularly taxing, and rely
very highly on engagement at work. In itself, maintaining this balance is a
protection against hazards, whether psychosocial or otherwise.

Ergonomic activity analysis must strive to understand this positive
aspect of the operators’ mobilization in their own work — which orga-
nizes and gives structure to the relationship between individuals, their
activity and other people on an everyday basis — and how it can develop. It
must also understand what can hinder its development.

Obstacles to development viewed as professional hazards

Hazards occur when this balance is disrupted or broken. This happens
when, in specific situations of overwork related to the variability pres-
ent in work, the professional know-how of workers does not allow them
to “hold the various requirements of their work together”. The ability to
achieve work goals may suffer as a result, as well as the meaning that
workers gave to them — both as individuals and as a collective.

Itis then that the first disorders appear — stress, tension with coworkers,
exhaustion, etc. These may quickly develop, turning to disorders of more
serious forms (interpersonal conflicts, psychopathological disorders,
somatic diseases, etc.), with possible effects in the individual’s personal life
(addiction, marital problems, etc.) if these tensions persist or become more
serious over time, with no possibility for elaboration, expression or reso-
lution. Here, it is the obstacles to possibilities of acting, speaking out and
thinking that are at the root of a situation of disrupted activity.

In these situations, the process of development of the psychosocial
dimension is hindered, or stopped altogether. It no longer contributes to
the construction of the resources necessary for dealing with future events.
A vicious circle then forms, locking workers in situations of repeated
failures in spite of increased efforts. In some cases, the failure to reach
work goals is associated with the ungratifying task of having to include



Chapter three:  The development of the psychosocial dimension of work 39

in scoreboards these costly regulation periods as ‘nonproductive periods’.
The psychosocial hazard - that is, the risk of seeing the appearance of a
psychosocial disorder — becomes greater as the worker’s mastery of the
situation diminishes. The consequences of this affect both the employ-
ees involved — individually and collectively (in the form of psychosocial
disorders) — and the results of work.

As when physical, chemical or biological factors are involved, hygien-
ist approaches to work tend to consider that psychosocial hazards are
related to factors that are external to activity itself (i.e. sources of danger
or nuisance), which one should protect workers from by eliminating them
at the source. On the contrary, we consider that hazards are intrinsically
related to activity, and to the inability that it has of developing in some
situations. Development protects workers from hazards. Obstacles to
development generate them.

From there, the goal of prevention is not to protect employees from
the impact of factors that are supposedly external to the activity, or even to
preserve the existence of the psychosocial dimension of work within activ-
ity. It is to contribute to the development of activity in its various dimen-
sions, including the psychosocial dimension, in order to allow employees
to construct their own health. The design of enabling environments
should contribute to this goal (Arnoud and Falzon, this volume; Falzon,
this volume). A classical approach to prevention should be replaced here
by a constructive approach to human activity. The development of this
activity should be viewed as a strategic option in order to reduce hazards
and improve work.

To achieve this, it is clearly necessary to gain in-depth knowledge of
the processes that are at the root of this development of activity, in relation
to the development of the subject, and of the social system.

The process of development at work

The gap between prescribed work and real work:
A space invested by activity

Let us remind the reader of the starting point of our thinking. Work activ-
ity cannot be reduced to the simple execution of a task, as prescribed by
the work organization imagined by F. Taylor. To understand what is clas-
sically meant by the ‘gap between theoretical (or prescribed) work and
real work’, it is important not to attribute it too eagerly to the will of the
worker alone. If an employee does not do exactly what is requested, it is
not primarily because of unwillingness or lack of motivation, for exam-
ple. Indeed, the relationship between a task and the worker charged with
carrying it out should be considered in the context of the concrete and
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singular situation in which activity takes place. It is the here and now of
the worker’s current experience that is of interest to us, at the very moment
in which action is undertaken.

When considering the real-world conditions of carrying out a task, the
first experience of the worker is a mismatch between what was planned
and the state of the world as it presents itself at the time of action. One
might also speak of a ‘resistance” (of the outside world and of the worker’s
own body) to the task, as a representation and as an anticipation con-
structed by the agent prescribing the work (who may, in some cases, be
the worker himself). Things never go exactly as they had been planned.
The ‘reality of work’ is therefore this space that is opened up by the exis-
tence of an always-irreducible gap between the theoretical representation
of work, on the one hand, and the concrete and sensitive ways in which
the state of the world presents itself to the worker, on the other hand. It
is within this space, which is both inevitable and always specific, that the
real-world activity of the worker takes place. It makes the worker some-
thing other than a simple executor. It makes him an acting subject in the
world (Bourgeois and Hubault, this volume).

In the concrete process of work, ‘the confrontation to the resistance of
the real first gives birth to the subjective, affective experience of failure’
(Dejours, cited by Deranty, 2010, p. 216) concerning forecasts, prior knowl-
edge and previously constructed procedures. The gap between prescribed
work and real work indicates that before doing what has been asked of
them, workers are first confronted with a problem or an unforeseen event
that prescription (e.g. tasks, allocated means, directly available information)
is not able to solve completely. It is to cope with this resistance of the real
world to prescription contents that workers must engage themselves per-
sonally, in order to discover and invent an original outcome for action, mak-
ing it possible to reach the desired goal. This mobilization involves workers
in all the dimensions of their being: efforts of the body, sensitivity, technical
know-how, ability, ingeniousness, the knowledge acquired through experi-
ence and the more formal knowledge of symbolic systems that are specific
to a profession. This mobilization is motivated by many factors.

In this way of committing oneself ‘body and soul” in a real-world situ-
ation of activity, subjects involve part of themselves in the scene of work.
They awaken their bodily, cognitive and affective sensitivity to better
understand what is going on. They recover knowledge acquired previ-
ously, in other circumstances. They apply skills to test new solutions. They
request the assistance of other people who are able to help them. They take
the risk of drifting away from formal prescriptions in order to achieve
their goals. Here, there is a total commitment of the worker, who makes
available for work some components of oneself that go far beyond what is
requested and expected in order to respond to events in the real-life situ-
ation of work. Whereas a task may forecast relying on a specific resource
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that is specific to a given individual (e.g. physical strength, ability to carry
out an operation, to solve a specific problem), real activity requires the
mobilization of all components of this individual.

Activity can then be defined as a global mobilization of the acting sub-
ject, aiming, at his behest, to find original and effective ways to do things
in the face of the reality of situations.

Subject and activity: A joint development

In the sense that ‘what Iam doing’ (my action, its results, the quality I expect
in them) mobilizes part of ‘who I am’ (my body, my knowledge and also my
initiative), one can easily understand how subjective involvement in work
activity is a major issue for the mental and psychical health of workers.

Yet, confrontation with the real world is always unique and singular.
Every time, the situation is new and different. This implies that mobilization
is never a mere replication of conducts or solutions identified in the past. The
search for a suitable response, aiming for a certain degree of quality in work,
involves a form of creativity and invention that is related to a learning pro-
cess. This process is not limited to the acquisition of formal knowledge, but
may potentially extend to all aspects of the existence of the acting subject.

We propose the term sedimentation to refer to this added value cre-
ated in the act of work, that the subject derives from work. This sedimen-
tation may take on various forms, and should not be understood as the
simple superimposition of successive layers. Sedimentation can enrich,
modify and disrupt the way an individual relates to himself or herself
over time. It is a fertile ground from which any future mobilization will
stem (Figure 3.1).

The acting
subject

Mobilization

' L Real
(in the here The activity world
and now)

Sedimentation
(over time)

The subject

Figure 3.1 The process of mobilization and sedimentation in the acting subject.
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Therefore, the process of development is twofold (see Figure 3.1). It
involves, simultaneously, a process of mobilization of the subject in the
activity and a process of sedimentation of activity within the subject
(Delgoulet and Vidal-Gomel, this volume). ‘What I do is what I am’. Within
this double loop connecting the subject to the real situation where activ-
ity is carried out, the dynamic process of mobilization and sedimentation
occurs. Development focuses both on the drivers of the activity of the act-
ing subject and on the various domains of its existence.

However, the development of the psychosocial dimension does not
impact just the subject taken individually. By definition, it also extends to
the social system.

The mirror dynamics of the acting subject and the social system

The encounter between the subject and reality is not made in isolation.
Beyond divisions of work imposed by the organization, the activity of an
individual is always connected with other individuals, via the social inter-
actions required for their coordination (Boissieres and de Terrsac, 2002).
These interactions rely on sharing a framework of social norms, which are
known and acknowledged by all (see Caroly and Barcellini, this volume).
These social norms define goals, task attributions, instructions, rules and
regulations to comply with, deadlines to reach, evaluation criteria, modes
of control and systems to use. They regulate the circulation of informa-
tion, the means of communication and cooperation, the management of
tension within the collective, the means to capitalize on experience and
the technical means available. They set markers for what should be done
and give criteria for engaging in an action and understanding its scope.
This set constitutes a ‘common good” and provides resources to deal
with unforeseen events, tensions and the events that occur. It should not
be a source of constraints (de Terssac and Gaillard, 2009). Beyond the fact
that it has a prescriptive character regarding the means to be used and the
processes to be applied, it also conveys, in a more or less explicit manner,
values and preconceptions regarding the work to be done and the trade.
What the reader needs to understand here is that these social norms
were not elaborated ‘in some place other” than in collective activity. They
are the product of the sedimentation of the interactions between all of
the agents within the system in time, whether these agents are ‘mere
operators’ or ‘major decision-makers’. Social norms capitalize organiza-
tional decisions. They show agreement and disagreement regarding how
the work should be done. They are subjected to the filter of the reality of
work situations and collective experience. They have successfully passed
the trial of sharing — or indeed, of confrontation — of the knowledge and
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The social
system

The acting
subject

Mobilization
(in the here
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Sedimentation . The social
(over time) The subject body

Figure 3.2 The process of mobilization and sedimentation connecting the subject
with the social body.

expectations of decision-makers and those who act upon them in practice.
Finally, they contribute to the concrete definition of organizational rules.

In other words, the organization of work is always a product of a work
of organization that structures the norms of the social body and allows it
to act collectively, but also to recognize itself as an entity bearing shared
values, legitimacies, rules of authority and delegation, principles for action
and decision, etc. Just as the subject is the crucible of the sedimentations
of activity, the social body catalyzes the sedimentations of norms elabo-
rated within collective interactions (see Figure 3.2).

In return, the social norms elaborated within the social body guide
action and constitute resources for it. They constitute a fertile ground allow-
ing the mobilization of the work collective in order to cope with the reality
of work situations in the here and now of activity. Thus, they contribute to
connecting the subject with the social body, not in an abstract connection
of one with the other, but via activity, at both the individual and the col-
lective level, that is implemented to cope with real-world events toward a
shared goal. Thus, they contribute to structuring the social dimension of
work, in an intimate relationship with its psychical dimension.

Once again, this process of mobilization and sedimentation is not
set in stone. It is the result of a constantly renewed dynamic process that
occurs within the time of action, contributing to the joint development of
social interactions (in terms of collective effectiveness, cooperation, coor-
dination, etc.) and the social body (in terms of rules, shared values, collec-
tive moral principles, etc.).
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Thus, the development of the acting subject occurs at the same time as
the development of the social system as a whole. The driving force of the
psychosocial dimension of work is set in motion.

Development as an end goal for ergonomics

The occurrence of psychosocial disorders suggests a block in this double
process of development, affecting both the social body (tensions between
coworkers, aggressive behaviour against users or customers, conflicts of
rules, questioning the legitimacy of authority figures, etc.) and the health
of workers (stress, anxiety, depression, etc.), as well as the quality of work
(failure to manage unforeseen events, system malfunctions, drops in
quality metrics, failure to provide users with a service, etc.).

The development model makes it possible to view in another light the
emergence of disorders in organizations. Classical approaches to psycho-
social hazards (e.g. safety, medical and insurance based) are guided by the
quest for attribution (of a cause, etiology or blame). Following this search,
the next logical action is to remove the risk factor identified in this way,
suggesting that there are superfluous elements in work that should be dis-
missed. And yet, it is precisely the opposite that occurs. Activity is suf-
fering because it is drained, and amputated of some of the resources that
allow it to develop in order to ensure that, in real-world situations, quality
of work, quality of social relations and individual commitment all occur.
It suffers from a shortage, not from a surplus that should be reduced.

Hence, a violent reaction on the part of a user in a public service
space (e.g. a sales point, information desk, administrative service, etc.) is
often interpreted as the result of latent aggressiveness being on the rise in
the population. This interpretation often leads to the implementation of
systems intended to protect agents, e.g. antiassault windows. We might,
however, propose a different analysis of these situations, in terms of hin-
drances to development. A violent situation emerges, for example, from
an increasing mismatch between the commercial promise made to users
by the company and the means that are effectively available to the agent to
this promise when carrying out a transaction. At this point, the develop-
ment of cooperation between the user and agent, aiming to co-construct
a high-quality service for both parties, is hindered, in spite of the will of
the first party to ‘do a good job” and of the second party’s benevolence.
One can then consider different actions than physical protection. These
must aim to match the commercial promise (or service provided) with the
means effectively made available to agents, in order to achieve a construc-
tive development of the service relationship.

Therefore, ergonomic interventions must aim to work situations
analysis while considering the issues related to the development of the
psychosocial dimension. It must ensure that development processes occur
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for each of the situation’s protagonists, both in their operative component
(mobilization) and in their subjective or social component (sedimenta-
tion). Last but not least, it must move beyond a posture of analysis to set
off, with all of the stakeholders involved, a process aiming to transform
work situations. This transformation must explicitly aim to spark a debate
about work and the conditions in which it is done, by setting up spaces for
regulation and discussion (Detchessahar, 2011).

Ergonomics must develop new tools to deal with this debate. It is
relatively new to the field, insofar as it explicitly aims to develop the
psychosocial dimension of work. Simulating work (Barcellini et al., this
volume) — and more precisely, simulating work organizations (Barcellini
and Van Belleghem, 2014) — aims to define acceptable rules for activity,
and should be able to contribute to this effort. The goal is to implement
participatory systems to design or transform work situations in which
workers are requested to ‘play out’ their own work by using an adequate
simulation device. This simulation of activity makes it possible to explore
and assess possible prescription scenarios. It allows the various stake-
holders involved in the transformation (e.g. operators, decision-makers,
prescribers, staff representatives, etc.) to engage in a debate regarding
the rules and the means of work, and the quality that is expected of this
work. It must make it possible, on this occasion, to assess the operative
and subjective potential of the choices made (e.g. the a priori interest of
the tasks attributed to the workers, their relevance to the profession, the
relevance of resource allocation, possible mismatches between expecta-
tions of the organization and those of its employees, etc.). Finally, simu-
lation must allow stakeholders to give meaning to the choices they make,
when they are the product of trade-offs. By taking part in their elabora-
tion, operators are able to give these rules a meaning even before they
are implemented.

Simulating an activity is itself an activity, thanks to the active par-
ticipation of operators; it also sets off a process of mobilization and
sedimentation. The choices discussed and made during the simulation
(mobilization) produce meaning for operators, and contribute to the elab-
oration of new norms for the social body (sedimentation). In other words,
the simulation of work is an opportunity to ‘play out’, beforehand and
on a small scale, the development process that may occur following the
transformation of the situation. When this process is carried out based on
several prescriptive hypotheses, it can be speeded up, by allowing sev-
eral paths of development to be explored and the most relevant path to
be selected.

This methodological approach must be consolidated with further
methods. Ergonomics should be able to open and support new spaces for
discussion and debate about work (participatory approaches, experience
feedback, etc)) that make it possible to support decision-making with a
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rich view of activity, whether the decisions involved are of a technical,
organizational or social nature. These spaces should make it possible to
respond to Detchessahar’s suggestion (2011, pp. 100-101) to steer orga-
nizations toward ‘discussion engineering’, aiming, in this case, to ‘orga-
nize the work of organizing’, whose explicit goal would be to ensure the
socio-organizational balance of the company and the psychical health of
its employees.

This path carries a meaningful prospect for ergonomics: to turn the
development of the psychosocial dimension of work into one of its goals.
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Although the issue of gestures at work is not a new one, evolutions in pop-
ulation demographics and in work continue to give it some prominence.
The goal, newly reaffirmed, of standardization of work, where gestures
are the focus of increasingly strong prescriptions, or the increase of mus-
culoskeletal disorders (MSDs), makes it necessary to revisit the models
and action strategies used by ergonomists to tackle the issue of gestures at
work in their transformative actions.

The goal of constructive ergonomics lies in the design of enabling
environments for work. The characteristics of such environments are as
follows: nondetrimental, universal and allow development and learning
(Pavageau et al., 2007). Following this, interventions on professional ges-
tures must allow the identification of constraints that cause the emergence
of strategies that are detrimental to operators, in order to allow the preser-
vation of gestural variability as a resource constructed by operators (1) to
be effective, (2) to protect themselves and (3) to open up reflective spaces
that allow these gestures to be discussed. These three levels of action
are essential.

49
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Thus, taking the opposite stance from prescriptive and normative
models, action on gestures at work can only take place by recognizing its
intentional, creative and reflective dimensions. In other words, the goal
is not so much to prescribe a ‘best gesture” as to provide resources that
allow operators to develop their own gestures in order to be effective at
work, protect themselves and build themselves up. This implies viewing
a gesture as a construction, and not as a mere execution, viewing the vari-
ability of gestures as a resource for the organization of work and not as
an obstacle, and viewing reflectivity as the driving mechanism in ges-
tural development.

We will structure our argument in three parts. In the first section, we
will see that an understanding of the mechanisms whereby motor acts are
produced and controlled makes it possible to act upon the constraints of
the task and environment, so that operators might be able to produce ges-
tures that are nondetrimental to their health. Although this first level of
action is necessary, it is not sufficient, since it tends to reduce the gesture
merely to its execution. By taking seriously the active part that the operator
plays in elaborating the gestural solution, we will argue in the second sec-
tion that gestural variability is a resource that makes it possible for opera-
tors to regulate their activity and preserve themselves. In this sense, an
ergonomic intervention must also allow the preservation of this resource
for operators. However, this does not imply anything about the possibili-
ties for the development of gesture. In the third section, therefore, we will
argue that the development of gesture can only take place by opening up a
reflective space allowing operators to put this gestural variability to work.

Acting on the constraints that affect movement

Understanding the impact of work situations in terms of constraints is
not new in ergonomics. Indeed, one of the first directions of work for
ergonomics is to ensure that the work environment does not constrain
the strategies of operators in ways that are detrimental to their health or
their effectiveness. Models, mostly biomechanical in nature, that focus on
movement illustrate this vision of the work of ergonomists, by focusing
on solutions related to the geometry of workstations.

However, biomechanical analysis is not sufficient to consider all of the
solutions that ergonomists can propose in terms of workstation design.
Thus, Aptel and Vezina (2008) insist on ‘the need to take into account the
role of motor commands to understand the impact on operators’. Movement
is no longer viewed solely in its effective capacity, but as the product of a
‘complex and integrative system that is of a psycho-cognitivo-sensorimotor
nature’ (our translation). Following this view, the explanations provided in
the field of neuroscience to explain the production and control of voluntary
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movement have rested exclusively on a computational approach, up until
the past decade. This theoretical orientation postulates the existence of a
central control of voluntary movement by the nervous system. This sets the
organization of all of the body’s degrees of freedom, which are stored in
the central nervous system (e.g. Schmidt, 1975).

However, this approach has been questioned by the sudden entrance
of models derived from the analysis of dynamic nonlinear systems
(e.g. Kelso, 1995). Such models postulate, based on the ideas of Bernstein
(1967), that the central nervous system is incapable of controlling all the
degrees of freedom of the body when it is producing a complex movement.
Following this perspective, a complex movement is viewed as emerg-
ing from a network of constraints. Motor commands are not centralized
within the nervous system, but reside within the dynamics of interaction
between the individual and his or her physical environment. Depending
on the level of constraints, many preferential patterns may emerge. For
example, when imposing a low speed of locomotion to a subject on a
treadmill, this subject may adopt one of two motor solutions: walking
or trotting along. When the level of constraint rises, motor solutions tend
to become more restrictive. Thus, when a greater speed is imposed, the
preferential pattern that emerges is running. The subject may only adopt
a different motor pattern, such as walking, at a very high cost in energy
(e.g. Brisswalter and Mottet, 1996).

This example leads us to argue that one of the first levels of action for
ergonomists is to identify and act upon the constraints that affect move-
ment, causing the emergence of types of coordination that are poten-
tially ineffective or detrimental. It is thus possible to identify levels of
constraints that are likely to reduce the variability of possible types of
coordination and to augment the harmful effects of repetition of move-
ment. Indeed, the rhythm imposed by a task, as well as the unforeseen
events that may occur in any work situation, coupled with workstation
design, is likely, beyond a certain threshold, to limit the possibilities of
coordination adopted by the operators.

An example from the food processing industry can be used to illus-
trate this point. The pace of a processing line for deveining foie gras
(removing the veins from the liver) is set by considering the time required
to carry out operations on the product, but considering all of the prod-
ucts as being identical. Yet, products such as animal livers are variable:
some are tougher than others, larger or smaller, etc. Thus, the operations
that need to be carried out do not require the same time for each liver.
Operators remove the veins using a knife, holding it midway between the
handle and the blade. All of them do not wear gloves, so as to reduce
the sliding of veins between their thumb and the blade of the knife. While
they are removing the veins using the knife with one hand, the other
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hand is holding the liver fast so that it does not tear and that too much
produce does not come away with the vein. Calculating the rhythm of the
line sets the spacing between the livers, and operators working along the
line do not have enough space to regulate the variability of the product.
Furthermore, task instructions prohibit lagging, i.e. falling behind and
moving down the line. Risks emerge notably in terms of MSDs, along with
phenomena such as self-acceleration, pressures, and contractions to hold
the pace, a reduction in gestural variability, and a feeling of being unable
to do ‘quality work”:

‘We do quantity, not quality”.

‘Quickly done is badly done’.

‘It is not what I do that I don’t like. It’s the conditions
which I do it in”.

Operators are not free to choose their gestures in production time.
They cannot cope in real time with the unforeseen events of production.

Some constraints other than an imposed rhythm are liable to explain
the adoption of inefficient or detrimental forms of coordination by the
operator. Newell (1986) pointed out three types of constraints: those
related to the task, to the environment and to the organism. To draw upon
an example given by Bril (2012), multiple constraints are at work that inter-
act with one another and organize movement when bearing a load: the
nature of the ground, the weight of the load and the distance to travel, but
also the aspects related to the potential of the organism (in physiological,
cognitive, affective terms, etc.).

Dynamic models that combine cognitive and biomechanical approaches
are useful when acting on the constraints affecting the voluntary move-
ment of operators. Yet, they remain quite reductive, since they do not
account for the active part that is played by operators when searching for
and producing effective and efficient motor solutions to respond to task
requirements. Hence, these models tend to reduce gesture to movement.

Although a movement is the observable part of the gesture, it can and
should by no means be reduced to it. On the contrary, gestures are com-
plex by nature — that is, they cannot be reduced to any one of their many
dimensions: biomechanical, psychological, social, contextual or cultural.
From this point of view, the biomechanical analysis of gestures is reduc-
tive, since gestures, as complex entities, imply a holistic rather than an
analytical approach. Furthermore, gestures cannot be set apart from a
cultural history, nor from the history of the working environment and
of the transformation of work situations. Thus, the concept of gesture is
close to the concept of bodily technique, as defined by Vigarello (1988),
following from the works of Marcel Mauss: ‘the transmissible physical
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means that are deemed most adequate to reach a goal in a given situation’
(our translation).

This minimal definition makes it possible to understand that a ges-
ture is a motor solution that the operator has identified to be both effective
and efficient to achieve his or her set goals. The goal of the work of the
ergonomist is, from this point of view, to design work situations that allow
operators to implement gestural solutions that are suited to the require-
ments of the current situation, as well as to the requirements of the opera-
tor in question.

Gestural variability: Opening up the space
of possible solutions

A gesture is a trade-off, a solution constructed by the operator at a given
moment to respond to the requirements of a task. The task can then be
viewed as a problem space (Durand, 1993). However, this problem space is
never frozen in the context of a work situation. It possesses its own dynam-
ics, which are the product of the variability of situations encountered by
operators: the variability of products and constraints, the variability of
environmental conditions and the variability in the operator, as shown in
recent research on working times (e.g. Barthe and Quéinnec, 2005; Toupin
et al,, this volume). Because of this, it is reasonable to believe that ges-
tural variability is a resource constructed by operators to fit to the specific
dynamics of task constraints, the environment and their own state.

Furthermore, gestural variability allows operators to protect them-
selves from MSDs (e.g. Madeleine, 2010). By adopting a mode of operation
that allows recuperation of the tissues solicited during another strategy,
this gestural variability allows some form of repetition with no monot-
ony. Not repeating gestures in identical forms, and allowing gestures to
vary, allows the worker to solicit parts of his body in different ways. It
also allows breaking monotony, to create gestural variants, to search for
the gestural solution that is best suited to oneself and to the situation at
hand. In the event of these creative processes being hindered, the gesture
is cut off. It is the result of a hindered activity that ‘locks the activity into
identical repetitions, involving the subject in compulsive activities where
the motor aspect is no longer handled through automatisms, but through
synkinesia. The latter refers to a system of movements that can only be
executed together, and always in the same way’ (Clot and Fernandez,
2005, p. 74, our translation).

As we can see, gestural variability is a resource constructed by opera-
tors to cope with the unforeseen elements and the variability of work situ-
ations. It is an indicator of their skill and accounts for the active part that
they take from and commit in their work (Bourgeois and Hubault, this
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volume). From there, it becomes necessary to be mindful of this variability
in order to support the effectiveness and efficiency of actions targeted by
gestures. They constitute a resource for system performance. The design
of work systems implies defining leeway for gestures in real-time produc-
tion and in learning.

Let us illustrate this idea with an example from a company in the
automotive sector. In this company, which has implemented measures
for work standardization, managers are notably tasked with defining
gestural prescriptions. These prescriptions are given in ‘operation sheets’
(Chassaing, 2010). These operation sheets present only one way of doing
things, and there is no possible choice for the operator, thus leaving little
room for the variability of gestures. Here is an example of a prescription:

Using both hands, take the lining (i.e. the piece
forming the inside casing of a car) from the TM
(a large container). Placing the left hand in the
oblong openwork, next to the wheel’s passage space,
the right hand should be in the central part of the
rear side panel. When leaving the TM, rotate the piece
90 degrees right.

This prescription restricts operators as they are looking to balance the
piece, to control it, to spread their arms depending on their height. Because
of this, they adopt modes of operation that are widely different from what
is recommended by the prescription. This prescription becomes a con-
straint for operators, who position their hands differently on the lining,
so as to handle it differently from what is prescribed. These gestural solu-
tions allow operators to achieve their goals related to safety, comfort, mus-
cular fatigue and effectiveness, which are not taken into account in the
instructions. On the contrary, prescriptions should not constrain modes
of operation, but allow and indeed encourage operators to construct a ges-
tural solution. Here is an example of a prescription that offers potential
margins of manoeuvre for operators to construct gestural solutions:

Place the lining in the assembly, simultaneously
matching the top left guide of the assembly with
the top cylindrical hole of the lining, and matching
the central guide of the assembly with the central
oblong hole of the lining.

Here, the prescriptor only suggests guides regarding the results of
action. The position of the hands is not mentioned, and this operation
therefore leaves operators with some freedom regarding how to do the job.



Chapter four:  From the adaptation of movement to the development of gesture 55

However, the operations present in the instruction form a single
unit. They are dependent upon one another. Some of them leave some
leeway, while others do not. The execution of an action that is described
with potential leeway, leaving some space for various possible modes of
operation, can be constrained by the preceding operation that may or
may not be described in greater detail. Such is the case with the example
cited above. Indeed, the prescription regarding how to handle the lining
implies a certain position of the hands. This prescription precedes the one
concerning the placing of the lining in the assembly, which, conversely,
provides some leeway regarding how the lining should be placed. This
potential leeway is reduced by the rigidity of prescriptions concerning
the preceding stage.

The question that remains at this point is how not to inadvertently
reinforce restrictions to the diversity of modes of operation, and therefore:

e To provide prescriptors with the means, in terms of time and train-
ing, to understand the causes of diversity in the activity of operators
occupying the same station, in order to take into account, at least in
part and in a relevant manner, this diversity.

e To favour ‘justified” prescriptions — i.e. those for which there are
clearly established stakes in terms of quality and safety that can in
turn be explained to operators.

¢ Following this twofold goal, and in general, not to encourage the pro-
duction of instructions that are detailed step by step, or compliance
with all of these points without referring to their importance. Some
form of prioritization seems justified in the use of these instructions.

The goal, in terms of designing prescriptions for work procedures, is
to readily include the perspective of the diversity of gestures, both within
individuals and between individuals. Following this view, if there is a
need for a physical support to define what operations should be carried
out, this support might look rather like a ‘guide to the activity’, which
might serve, on the one hand, to propose operations while describing their
merits and drawbacks, notably to be used by operators in training, and on
the other hand, to collect and confront gestural variations constructed by
each worker to support professional debates” focus on gestures at work
and mutualization of practices (Vézina et al.,, 1999). The prescription may
then become a source of reflection on practice. The analysis of the activ-
ity of experienced workers, carried out by an ergonomist, then becomes
a tool to identify and extract incorporated knowledge, so as to contribute
to the design of prescriptions that are mindful of the variability and the
diversity of people and work situations.
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Similarly, training should encourage the construction of a gestural
solution that takes into account these various forms of variability. One
can only be sceptical, at this point, regarding training programs that focus
on the ‘one best gesture” and ‘one best posture’, which tend to reduce the
scope of the solutions implemented by operators and to decontextual-
ize the solutions constructed in a specific context. On the contrary, these
should be designed based on the analysis of gestural variability and on
the identification of gestural know-how, in order to allow trainees to
construct their own gestural solutions based on those of more experi-
enced operators.

Here is an example. In a company from the food processing indus-
try, the design of a duck cutting line provides some room for manoeuvre,
notably to organize the training of new employees on the line without
disrupting production (Coutarel et al., 2003). An intervention carried out
5 years after the implementation of this line made it possible to study
in greater detail how operators are trained to the gestures of cutting
(Dugué et al., 2010). An experienced worker, who guides the operator in
real time during the production phase, supervises this training program.
The trainer is acting in a doubloon. He demonstrates the gesture, divides
the action into more elementary operations so that the apprentice can
learn step by step, and examines and retains what the apprentice is not
doing. This is a contextual training to gestures, where cutting gestures
are apprehended in all of their complexity: in terms of effectiveness, effi-
ciency and health. The trainer demonstrates gestures, accompanies the
gesture of the apprentice, and emphasizes the quality of the cut prod-
uct and the strength that should be exerted on the knife. A few hints are
given, allowing the apprentice to strain less and to do high-quality work
while holding the pace. For example, in order to cut the leg of a duck, part
of the cutting is done ‘blind’, in the sense that the operator cannot see the
joint. The trainer explains, by demonstrating and guiding the knife into
the joint, that this joint is shaped like an S, and that one should follow this
shape to cut the leg well (and not damage the bone), not to strain on the
tough parts of the bone, and not to waste time by jamming the knife into
these tough parts. The training places an emphasis on the sensation of
using the knife when following the S-shape, and when the blade encoun-
ters obstacles when reaching the tougher parts. Some other knowledge
is also imparted, regarding topics such as the angle of the blade against
the flesh, the depth the knife should reach in the flesh, etc. The diversity
of sensory information that operators rely on can be used as an input for
training programs. This sensory information is essential for carrying out
a gesture. And often, this information and its role in the gesture are under-
estimated — as evidenced by training programs that are mostly based on a
purely biomechanical view of gestures. Furthermore, the learner is imme-
diately confronted with the variability of the situation. The knowledge
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underlying the gesture of cutting a leg, such as making an S-shape, is
manipulated in a variety of contexts, that is, in real production time and
on a variety of ducks. This diversity of context becomes a source of reflec-
tion in the constitution of new modes of operation.

Although gestural variability is essential, it does not presume that
it is possible to develop the chosen gestures and modes of operation.
In the design of workstations, prescriptions, training systems, etc., it is
not enough to allow for and foresee gestural variability for operators to
develop new gestures. It is also important to open up reflective spaces,
spaces and times to develop gestures.

Opening up reflective spaces
for the development of gestures

Reflectivity plays an irreplaceable part in the development of gestures at
work. This is because gestures are inseparably productive and construc-
tive (Delgoulet and Vidal-Gomel, this volume; Rabardel and Samurcay,
2001). Obviously, the gesture makes it possible to perform a task and
achieve a productive goal (the productive dimension). Simultaneously,
however, it makes it possible to construct one’s own experience (the con-
structive dimension). This makes it possible to understand how know-
how and experience allow operators to protect themselves. The issue that
arises for ergonomists is therefore: how can one design work environ-
ments that allow the construction of this experience and the development
of gestures? Reflectivity is the driving engine in this development, and the
goal is to include leeway in work systems, allowing operators to become
reflective practitioners (Schon, 1983), not simple underlings.

From a cognitive viewpoint, gestural expertise manifests itself through
the incorporated (Leplat, 1995) and largely implicit and tacit (Polanyi, 1969)
character of the knowledge underlying gestures. Most scientific works on
the subject agree that the development of expertise in gestural production
is accompanied by a less cognitive effort. For example, in Rasmussen’s
(1983) Skills, Rules, Knowledge (SRK) model, the three levels of expertise
are characterized by a specific level of internalization/externalization.
Within this framework, the sensorimotor level of skills is the level that is
the most internalized and the one that can least easily be elicited.

In acknowledging this fact, several questions emerge: What are
the lessons that operators can draw from their own experience, if the
most internalized dimension of that experience is largely implicit and
incorporated — and therefore is the one that is least accessible to verbal-
ization? How can ergonomists act on situations to facilitate externaliza-
tion, as well as reflection on the incorporated and tacit dimensions of
gestural experience?
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From elicitation to reflection on action: The ergonomic
intervention as a means to create a reflective space

To draw from one’s experience implies that the operator undertakes a
reflection on the gestures that he has made use of — in other words, a meta-
functional activity (Falzon, this volume). This reflection implies distancing
himself from his work. The issue here is to make it possible for opera-
tors to elicit the procedural knowledge used in the execution of gestural
patterns. It is this shift, from the implicit knowledge incorporated in a
gesture to the elicitation of this knowledge in verbal form, that needs to be
explored in order to derive prospects of action for ergonomists. The use of
methodological frameworks for a posteriori verbalization clearly relates to
this logic: auto- and allo-confrontation interviews (e.g. Mollo and Falzon,
2004), elicitation interviews (Vermersch, 1999), or alternately, in resitu sub-
jective interviews (Rix and Biache, 2004). Although we will not describe
the detailed methodology behind these techniques, one can note that the
part played by the ergonomist consists in supporting the description of
the experience of a gesture mobilized in a singular situation. Hence, these
methodological devices are liable to create the conditions for externaliza-
tion, and for updating the tacit knowledge that underlies the gestures
of operators.

Two interrelated stages can be outlined when eliciting the procedural
knowledge mobilized in gestures (Six-Touchard and Falzon, this volume):
a first stage of externalization, i.e. ‘putting into words’, which can be
termed elicitation, and a second stage from which it is possible to engage
in a reflection about action.

However, it is not always necessary to create a separate ‘space-time’
for operators to be able to elicit the tacit knowledge incorporated in their
work. For example, Fillietaz (2012) has shown that during activity analy-
sis, operators are likely to show, to demonstrate, to put into words some
of their knowledge in the situated context of their work by adopting a
reflective stance. This “putting into words’, which Fillietaz calls ‘situated
elicitation’, constitutes, in fact, a set of true opportunities for professional
development. The ergonomic intervention is liable to play a significant
role in the elicitation of gestures, in the sense that operators aim to describe
and help understand their ways of doing things — adopting a reflective
stance de facto.

The role played by the sources of variability encountered in work

Beyond the creation of a separate space-time and the effects of the
ergonomic intervention, we can also identify further effects that are
liable to provoke a realization and a reflective stance on the part of
operators. Between the goal and the result of an action — which are both
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conscious — one can realize the means of one’s own action, when encoun-
tering failure or when, for one reason or another, the subject aims to know
the modes of operation adopted and their relationship with the results of
action. Thus, there is realization when the operator is faced with occupa-
tional obstacles. From this point of view, the role of the ergonomist can-
not be to erase all the difficulties from work. Instead, it will be to set up
work situations so that they incorporate, in a central position, ‘enabling
constraints’ (Davis and Sumara, 2007), i.e. constraints that allow the devel-
opment of gestures at work (Delgoulet and Vidal-Gomel, this volume). In
this situation, the variability of work situations can be considered a means
for realization and for the involvement of the operator’s reflectivity. To
draw once again from the example of the deveining line in the production
of foie gras, the variability of livers can constitute a source of reflectivity
for the operator to elaborate an effective and efficient gesture — provided,
in particular, that in the design of the production line, the space-time rela-
tionship allows such gestural regulations. In practice, the operator can
activate a reflective activity through repetition, in order to identify parent
situations, variations, constants and variables in order to modify, develop
and adjust the gesture.

The work collective at the service of reflectivity:
Transmitting, capitalizing and putting gestures to work

A final dimension of gestures is the fact that they are rooted in a profes-
sional culture, which some authors have called a professional genre (Clot
and Faita, 2000). Any trade comprises an inventory of know-how, iconic
techniques and forms of recognition of professional competence. The col-
lective is a bearer of this shared culture of the trade, and is also a cru-
cial resource for development. Although gestures can only be acquired
through personal experience, one seldom learns alone. The acquisition of
experience is facilitated by those who have already acquired this experi-
ence, and in this sense the collective constitutes a resource in the con-
struction of a gesture at work (Sigaut, 2009). In the learning of a gesture,
the collective passes on to its new members a shared experience of the
trade. From this point of view, debating the gestures of work is likely to
become a ‘psychological instrument’ at the service of the members of
the collective. By drawing upon obstacles to the activity and personal
inventiveness, these debating practices bear new prospects for realization
(Simonet, 2011).

Discussion spaces focusing on action and ways of doing work are
needed. This entails that work situations should be designed in order to
allow the physical presence of a colleague at the workstation, and that
the instructions provided should also allow mutual aid between opera-
tors. This will allow the creation of a discussion space focusing on action
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and on ways of doing work. Such discussion spaces are intended to sup-
port potential debates between peers focusing on gestures, as we have
seen in the case of the duck cutting line. The presence of a colleague at
the workstation is all the more valuable for debating gestures that cannot
be readily ‘put into words’. Operators can demonstrate gestures, and per-
form them while commenting them, in order to support the elicitation of
tacit gestural knowledge.

As Pastré (1997) has pointed out, some individuals will be able to make
use of their errors, failures and successes, whereas others will repeat the
same behaviours over and over again without being able to adapt them.
To account for this difference between people, the author mentions the
idea of ‘taking advantage from’ past experiences. This equates the concept
of reflective practice, which is a crucial condition for conceptualization.
He distinguishes two kinds of experience based on what they produce: an
‘experience that locks the subject into the automation of his/her conducts,
and an experience that opens, even in a limited way, prospects that go
beyond mere experience’ (Pastré, 1997, p. 90, our translation). Therefore,
according to the author, experience is constructed based on ‘the ability
of a subject to go back on what has been lived in the past, in order to ana-
lyze and reconstruct the know-how at another cognitive level. By making
use of the past, the subject extends his capacity for anticipation, opening
up more broadly to the future and to the field of possible futures’ (Pastré,
1997, p. 91, our translation). The ability of individuals to go back on what
has been lived in the past — an essential condition to the development of
gestures — is a crucial aspect of ergonomists’ interventions. The collective
plays a key part in these reflective analyses, and therefore in the develop-
ment of gestures.

Conclusion

An understanding of mechanisms involved in the production and control
of voluntary movement can usefully complement biomechanical analy-
ses. These analyses make it possible to outline paths to act upon the con-
straints that force operators to carry out ineffective or detrimental forms
of coordination and movement. However, acting on gestures is another
thing altogether.

Gestures are, by nature, complex. They are contextual creations that
allow operators to respond to the issues posed by the task. This involves
taking very seriously the active role that the operator takes on in the
production of a gestural solution. Therefore, in order to respond to task
requirements, there is not just one, but several relevant gestural solutions,
since the conditions and constraints that operators must cope with change
over the course of their work: variability in products, in environmental
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conditions, in the state of operators, etc. One might add that the variability
of gestures, for operators, constitutes a tool with three key functions: a
function of effectiveness, a function of health preservation and a function
of production of quality work. Acting on a gesture, therefore, implies lib-
erating margins for manoeuvre, allowing operators to adjust their gesture
and to repeat it without it ever being the same twice.

Liberating margins for manoeuvre, however, is a necessary but not
a sufficient condition for the development of gesture. The development
of a gesture requires opening a reflective space that allows operators to
debate the gestural solutions that they choose to adopt. From this point
of view, the variability, the obstacles encountered, just as the work collec-
tive, all play an important part in creating a reflective distance regarding
one’s gestures.

A constructive approach to ergonomics therefore implies acting at
three levels: the level of constraints that make movements inefficient or
detrimental, the level of margins for manoeuvre that make it possible to
free up the space of gestural solutions adopted by operators, and finally,
the level of the organization that allows debating and reflecting on the
gestures used.

This perspective requires recognizing the intelligence and creativity
of operators in their ability to invent new gestural solutions to respond to
the demands of work.
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In a context of constant expansion of atypical work schedules, in particu-
lar rotating shifts and night shifts, a systematic and constructive approach
to ergonomics considers the temporal organization of work as a possible
contribution to the quality of work, to the safety and reliability of systems,
and to the health of men and women involved with these schedules.
First, we will describe the detrimental effects classically associated
with the practice of rotating shifts and night shifts. This chapter will then
aim to show that the organization of work schedules can also be respect-
tul of the state of health of employees and can even, under specific condi-
tions, contribute to the development of abilities, know-how and skills that
are conducive to a successful professional career path. The joint analysis
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of the work carried out, of the individual characteristics of employees in
charge of carrying out this work, of the strategies they constantly elabo-
rate at work over months and years, makes it possible to imagine numer-
ous paths for action. No doubt the detrimental effects of shift work will
remain, but the organizational options chosen by companies may have
a strong influence on these effects. Without cancelling them out, they
can alleviate them by supporting the development of men and women
at work, within a professional path that has been thought out and con-
structed beforehand.

This chapter will focus on rotating shift and night shift work. Indeed,
these are, within the scope of all unusual work schedules, those that are the
most widely used and which have been the strongest focus of attention,
on scientific, economic, political and social levels. Rotating schedules are a
direct consequence of shift work, which we will define as a mode of tem-
poral organization of work in which several teams successively occupy
the same workstations, at different times, to ensure continuity in goods
or services.

Rotating shift and night shift work: A continuously
expanding practice with detrimental effects

Although in France 37 per cent of all workers work following a ‘nor-
mal” schedule — i.e. one that is close to the ‘social day’ (8 am.—6 p.m.) —
nearly two out of three employees work schedules that can be said to be
untypical, i.e. early in the morning, late at night, in rotating shifts, split
shifts, long shifts (more than 10 hours), at the weekend, part-time, fol-
lowing unpredictable schedules, etc. (Bué and Coutrot, 2009). Thus, one
of five employees works in a rotating shift or night shift team. In 2009,
15.2 per cent of employees (that is, 3.5 million people) worked at night,
either habitually or occasionally; that is 1 million more people than in
1991. The proportion of people who stated they worked at night has more
than doubled in 20 years (7.2 per cent in 2009 versus 3.5 per cent in 1991),
with a stark increase for women (Algava, 2011). It should be noted that
night-time work often adds up with other types of atypical schedules
(rotating shifts, shifts varying from one week to the next, night work and
work on Saturdays or Sundays).

At the level of the European Union, evolutions in past years have been
quite uneven (in spite of a harmonization, at the European level, of labour
legislation concerning night work), with night work declining in countries
neighbouring France in recent years. However, according to an inquiry
carried out by the European Foundation of Dublin, the percentage of
employees engaging in night-time work varies between 18 and 24 per cent
in the 31 participating countries (Edouard, 2010).
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These kinds of temporal organizations of work place individuals
in situations with conflicts of temporalities (Barthe, 2009; Quéinnec et al.,
2008). This may have detrimental effects on work, but also on the health
and the family and social lives of the persons involved.

Indeed, rotating schedules — and particularly night schedules — can
lead to adverse consequences on work, notably in terms of safety and
reliability. The times at which have occurred the most serious industrial
accidents and catastrophes of the past century lead us to question this rela-
tionship: Three Mile Island (1979) at 4 a.m., Chernobyl (1986) at 1:30 a.m.,
Bhopal (1984) at 12:45 a.m. and the gas explosion at a Total refinery (1992)
at 5:22 a.m. At a different scale, a scientific study of 1020 fatal occupational
accidents in Australia showed that the mortality rate is two times greater
in night shifts than in day shifts (Williamson and Feyer, 1995). Folkard
and Tucker (2003), based on several studies of industries operating in
three-shift systems, have shown that compared with the morning shift,
the afternoon shift is associated with an 18.6 per cent increase in the prob-
ability of an occupational accident, and the night shift with a 30.4 per cent
increase. Folkard (1981) summarized the results of a set of studies show-
ing variations in performance in the course of the 24-hour day, with a
marked decrease between midnight and 4 a.m. in various professions (e.g.
longer response times in telex operators, rise in errors of meter reading
in factories, drowsiness while driving, lack of responses of train driv-
ers to traffic signals, increase in the rate of accidents in hospitals, etc.).
The variation in observed performance is close to the variations in the
wakefulness of workers, following a circadian rhythm over the 24-hour
clock, with a minimum in the middle of the night and a maximum during
the afternoon.

In addition to the effects of these temporal organizations on reliability
and safety of and at work, impacts on health are numerous and unde-
niable: a quantitative and qualitative deterioration of sleep, more or less
severe disruptions of digestive functions, nervous disorders potentially
leading to a depressive state, rise in the risk of cardiovascular disease, etc.
(for a summary, see Gadbois, 1998), pregnancy disorders (Croteau, 2007)
and cancer risks, notably of the breast and colon (Haus and Smolensky,
2006). Hence, in France, work in rotating schedules and night schedules
has been considered detrimental since the Retirement Reform of 2010.

One should note that the prevalence of health disorders in salaried
workers is variable and depends on the exposure time, on what schedul-
ing systems are being practiced, on the characteristics of the work situ-
ations, on constraints related to personal and family life, age, etc. Some
people tolerate quite well the practice of rotating shifts and night shift
work, whereas others must quickly abandon them. Yet, returning to a reg-
ular daytime schedule does not necessarily imply that those health disor-
ders will disappear (Bourget-Devouassoux and Volkoff, 1991).
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Employees working in rotating and night schedules, finally, find it dif-
ficult to cope with the discrepancies between professional life and social
and family life, because of the conflicts existing between these schedules
and the need to have some time available to share activities with one’s
family and friends. Consequences may occur at several levels: relation-
ship difficulties, a decrease in the frequency and quality of time spent
with one’s children, a decrease in the time spent working in an association
and with friends, ‘social isolation’, etc. (Prunier-Poulmaire, 1997).

From constrained time to constructed time

Hence, practices in work scheduling may lead to hazards to employees
and, in particular, contribute to a decline in their state of health — but also
contribute to disruptions in their personal life.

However, although rotating schedules and night schedules require
the employees involved to work against their normal physiological, psy-
chological and social modes of operation, we also know today that they do
not remain passive when confronted with difficulties inherent to this kind
of organization. Employees implement processes of adaptation at work,
which are constructed and refined over months and years of practice.

Thus, in specific conditions, the design of work schedules can con-
tribute to ‘constructing the state of health’ of operators — or at least to not
harming it (Gollac and Volkoff, 2007). The organization of work schedules
can also be a source of self-development, learning, acquisition of skills
and autonomy, knowledge, know-how, development of regulatory strate-
gies of possibilities of learning from oneself and from others, and there-
fore of developing health in a broad sense.

Constructed time: Strategies at work to preserve health

A series of ergonomic studies has cast light on the ways in which opera-
tors, when subjected to the circadian variations of their own psychophysi-
ological functions, cope with a decrease in vigilance in order to achieve
their work goals. These studies show the construction and implementa-
tion of adaptations that manifest themselves in the work activity itself,
in a quantitative and qualitative restructuring of activity, that can be per-
ceived at individual and collective levels (Barthe et al., 2004). Operators
work differently during the day and at night, as well as over the progres-
sion of a night shift, without this affecting their effectiveness at work.
These regulations have been observed in numerous professional sectors:
process control, satellite control, chemical and petrol industries, daily
press, the hospital sector, the transport sector, etc.

Part of the variations observed in work activity directly reflect the
level of functional activation of individuals. This quantitative variability,
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observed in some dimensions of activity throughout night shifts, has nota-
bly been noted with regard to communication at work, movement and
information gathering. These findings demonstrate a gradual decrease in
activity throughout night-time work, reproducing a curve similar to the cir-
cadian variation of wakefulness with a minimum between 1 a.m. and 3 a.m.

However, performing more actions or accomplishing them faster dur-
ing a decrease in wakefulness does not imply working less effectively.
Adjustments are made so that the crucial goals of activity are reached at
all times, and so that productivity is identical. In addition to the quantita-
tive variations mentioned above, one must also add qualitative reorgani-
zations of work activity. For example, surveillance personnel working a
night schedule will group together the tasks that require reflection, preci-
sion and decision-making in the earliest part of the night, and then intro-
duce the tasks that are more physical and do not require quite so much
attention (Prunier-Poulmaire, 2008). This strategy makes it possible to
maintain wakefulness and to break up the monotony of some of the tasks.
In the hospital sector, nurses and pediatric assistants, over the course of
long night shifts (11.5 hours), use strategies for care that are both specific
and quicker at 2 a.m. compared with other periods of night-time care. Some
secondary care activities are postponed in order to preserve the sleep of
infants, as well as avoid the accumulation of fatigue of the caring staff, by
allowing them to take a break before the final stage of the care schedule,
which they view as the most difficult (Barthe and Quéinnec, 2005).

All of these results focus here on the activity of an operator alone.
However, collective reorganizations can also occur within teams, in order
to cope with the requirements of work while collectively managing the
individual variations of the level of wakefulness. Dorel and Quéinnec
(1980) showed that in the control of a production process in a drinking
water factory, there was a collective reorganization of the supervision work
aiming to give as much responsibility as possible to the operator who will
have a 3-day rest period at the end of the night. This makes it possible
to protect the second operator, who will return the following night. In
the neonatology unit mentioned above, the nurses and assistants assist
each other in order to decrease their workload and provide each other
with specific technical help or skills at various times during their sched-
ule (Barthe, 2000). They also organize their work collectively so as to be
able to allow themselves individual breaks. In customs brigades, an infor-
mal attribution of tasks between agents is implemented. It is the agents
who begin the night shift who take on the most delicate and hazardous
tasks (e.g. interrogating users who have committed an offence), since
these require a great amount of self-control, attentive listening, boundless
patience and a strong concentration (Prunier-Poulmaire, 1997).

It seems therefore legitimate to claim that one can ‘learn’ to work
by night or in rotating schedules, or at least learn to ‘skilfully deal with
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it". One can acquire specific knowledge about oneself and one’s tasks —
modulating these tasks differently depending on at what time they are
carried out. This knowledge makes it possible to reorganize work. The
strategies presented above, which in concrete terms are translated notably
into a temporal reorganization of specific actions occurring at night, sug-
gest that workers have strong needs in terms of autonomy.

A construction over the course of months and years

Over the course of months and years spent working atypical hours, work-
ers develop specific experience, skills, knowledge and know-how for the
work carried out in rotating schedules and night schedules. This experi-
ence provides workers with resources allowing them to better manage
the difficulties and requirements that are specific to their schedule, or to
protect themselves from them.

A study conducted in the hospital sector (Toupin and Volkoff, 2007;
Toupin, 2012), involving night shift nurses in a pneumology department,
illustrates this point. The observations and analyses carried out as part of
the ergonomic intervention aimed to highlight the ways in which experi-
ence allows the nursing staff to better ‘manage the night”. In this sector,
the work that is carried out is not very different between night and day,
but it does have some specific features in the night-time. The conditions
in which the prescribed tasks are achieved are particular, because of the
psychophysiological state of the nurses (fatigue, decrease in wakefulness),
of the features of the work environment at that time (work in small groups,
doctors and middle managers are absent, etc.) and of the state of patients
(tired, anxious, etc.). This specific character of nocturnal activity must be
highlighted, in order to avoid considering the night nurse — whose work
is tightly prescribed, with compulsory tasks that are entirely dictated
by medical prescriptions and by the state of patients — just like a nurse
who would simply work in another period of the nycthemeral clock. This
is also true in many other professional sectors (Prunier-Poulmaire and
Gadbois, 2004).

Yet, workers who start working the night shift are not always suffi-
ciently informed and trained with respect to the specific features, stakes
and difficulties of the trade in this period of the day. This may lead to
problematic situations. For example, how can one manage a decrease in
vigilance during the night shift and the appearance of fatigue during a
cycle of rotations over several successive work nights, during emergency
situations that require the worker to be alert and awake?

Over years of practice, night workers redefine their tasks, by setting
themselves new, ‘temporally situated” goals (Gaudart and Ledoux, this
volume). With experience comes the wish to anticipate the future work
activity, with two main goals:
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¢ To limit and cope with the fatigue that emerges during the night.
For example, in the hospital sector, nurses seek to avoid carrying out
some (physically and cognitively) demanding, delicate or hazardous
tasks, at a time where they know, out of experience, that they are less
vigilant. When this is not a detriment to the health of the patient,
they can elect to put forward or postpone an action so as to allow
themselves a resting period in the middle of the night. Forms of
cooperation also appear in the team when there is a need to move or
change a patient, or whenever a nurse is feeling too tired or not alert
enough to take good care of a patient: for example, when there is a
need to jab a patient infected with HIV (Toupin, 2012) or to replace
a drip on a premature baby (Barthe, 2000).

In a very different sector, customs agents elect to carry out,
in the beginning of the night, controls in strategic locations that
they know, from experience, to be most likely to present a hazard
(Prunier-Poulmaire et al., 1998). Conversely, they keep the areas that
require a lower level of vigilance for the later part of the night.

* To limit and avoid emergency situations, sources of fatigue and
stress (notably because of the lack of management) in order to have,
whenever possible, a work activity that is better managed. In a steel
mill, part of the actions aiming to assess the quality of reels are car-
ried out beforehand. Controlling one reel will lead workers to decide
which controls they will perform two or three reels down the line.
These control anticipations are more frequent when the workers are
experienced, and when the work is carried out at night. This mode
of operation allows workers to avoid working in an emergency, at a
time where their wakefulness may be reduced and their memory
less effective (Pueyo et al., 2011).

In the hospital, nurses make sure, at the beginning of the night
shift, that the medical prescriptions will allow them to deal with
potential anxiety attacks of the patients who they will be responsible
for during the night (Toupin and Volkoff, 2007, Toupin, 2012). The
level of anxiety of the patient is a very important parameter, since it
affects how the night will play out — for the patient and for the team
of caretakers, particularly the nurse in charge of that patient, but
also for other patients in the department who, following the call of
an anxious patient, may wake up, possibly feeling in pain or anxious
themselves. Nurses also make a point that the first round should be
done early, so that they can see as many patients awake as possible,
construct a representation of their state of health, and imagine how
the night is going to play out for the patients and for themselves.

Similarly, in process control, controllers collect twice as much infor-
mation per unit of time at the start of their shift than during the rest of
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their shift (Andorre and Quéinnec, 1996). This intense and global process
of information gathering allows them to update their representation of the
state of the system, and to have access to knowledge in order to be able to
anticipate future variations.

As a general rule, various sources of experience can support these evo-
lutions, leading workers to alter their practice over the course of months
and years:

e Experience derived from professional practice: Once they have been
confronted on several occasions with problematic situations during
the night shift, without the possibility of calling upon management,
operators, for example, alter the ways in which they ask questions
during oral feedback with the afternoon team, or reallocate differ-
ently the tasks that they have to complete during the night.

* Experience derived from the practice of colleagues, viewed as a
source of communication and learning: Operators who are begin-
ning night shift work often claim that they draw inspiration from
the modes of operation and strategies implemented by their more
experienced colleagues, from the advice they are given, from the
know-how that is shared, and by the abilities that are developed
within and for work activity.

¢ Experience derived from the knowledge of oneself, from psychophysi-
ological abilities, from the assessment of one’s own state of health dur-
ing the work, and the impact of this state of health on the ability to
stay awake and react promptly and effectively during the entire shift.

Thus, the conditions of nocturnal activities do not only cause the same
task (as is carried out during the day or following regular hours) to be per-
formed differently. It is another task that is being performed, because of
the specific requirements related to the night shift (e.g. increased liability
and autonomy) and of a different weight in the importance of some cri-
teria (e.g. variations in task requirements, management of fatigue, etc.).
These elements lead to operators rethinking their work in different terms,
and constructing new skills that will have an influence — on the arduous-
ness of work and on the preservation of health, on the one hand, and on
the quality of work, on the other hand.

Designing enabling organizations for work
in rotating schedules and night schedules

When one takes an interest in the organization of work schedules, the pos-
sible means for action undoubtedly rely on the design of schedules that
are compatible with current medical knowledge (Folkard, 1992; Knauth,
1996) — but not only that. One should also rely on the focus of the sections
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above: implementing work organizations that are mindful of operators’
individual and collective strategies, which allow and indeed support the
development of their practices, experience and skills. Such development
is a contribution to the quality of work, but also to the preservation of
workers. It should be encouraged and be a goal of ergonomic action. From
there, several levels of action can be envisioned.

Acting on the conditions and contents of work
during these schedules

Quite often, work in rotating schedules and night schedules combines
with other constraints: temporal, physical, environmental, psychical,
organizational, etc. (Algava, 2011; Bué and Coutrot, 2009; Volkoff, 2005).
Alleviating these constraints then makes it possible to improve the con-
ditions of work, and therefore the health of the people working in these
organizational modes of scheduling. First, it is crucial to reflect on the
nature of the tasks attributed to operators, in order to reduce the weight
of the constraints that are contained within rotating shift and night shift
work. In particular, the goal is to design tasks that are compatible with
the functional abilities — both physical and cognitive — of the workers, tak-
ing care to reduce constraints related to rhythm, physical effort, attention,
memorization, etc. One could also imagine reorganizing specific night-
time tasks — or even transferring these tasks to the daytime — and to offer
judiciously spaced breaks over the course of the shift.

The knowledge we have about real-world work, about the individual
and collective adaptation processes implemented at certain times in the
shift, allows us to imagine some paths for future reflection.

The design of work conditions aims to introduce more flexibility in
the prescribed task, in leaving employees with operational leeway and
autonomy (based on the individual and collective possibilities for regula-
tion) that is both sufficient and acceptable from the point of view of health
and safety, so that they can organize their activity. This autonomy consti-
tutes a true goal for the design of work schedules. The goal is not to toler-
ate autonomy but to support and construct it.

As we have seen, in the context of work in atypical and night-time
schedules, the collective is an important resource (cf. Caroly and Barcellini,
this volume). It therefore seems crucial to reflect on the number of employ-
ees in work teams and on the characteristics of the workers, from the
point of view of their skills and know-how, notably in order to support
exchanges and learning between colleagues. A sufficient number of col-
leagues would also make it possible to implement official break times dur-
ing shifts, notably over the course of the night by ensuring the sharing of
skills within the team. Night-time naps are not a common practice in most
countries. Yet, it has beneficial effects on the level of vigilance and fatigue
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at the end of a shift and during a shift rotation cycle (Matsumoto and
Harada, 1994), as well as on mood (Kaida et al., 2007) and on some of the
operators’ cognitive functions, in particular on the risk of making errors
(Bonnefond et al., 2001).

It is also necessary to ensure that the periods of co-presence between
arriving teams and departing teams are long enough to facilitate the shar-
ing of information and the gradual takeover by arriving operators (Le Bris
et al,, 2012).

Finally, supporting the construction of experience (practices and skills),
for example, through opportunities to learn, train and reflect together
about the nature of the work, is a primary stake of ergonomic interventions.
Exposing the activity carried out during rotating schedules or night sched-
ules may serve as a starting point to the recognition of the specificities of
various professions during those times, and to the consolidation of learning.
Furthermore, reflective activities (Mollo and Nascimento, this volume) may
contribute to constructing and developing the nocturnal skills of employees
and their capacity for action. To achieve this, however, the work system (the
composition and stability of collectives, the opportunities to think together
about work, the training programs, etc.) should support the construction of
this experience and the possibility of using it at work.

Acting on professional careers and human resources management

As we have seen, some characteristics of work situations can support or
hinder the construction of experience. However, the question is not to
focus exclusively, in a context where professional careers are increasingly
chaotic, on the characteristics of work situations at a given moment, but to
imagine their succession over the years. Time, then, must be understood
not at the level of the company, but at the level of a career; here it is crucial
to adopt a diachronic view.

It is all the more important to study work in rotating and night shifts,
in its relationship with career paths, ageing and the construction of expe-
rience, because the current sociodemographic context is marked by a dual
trend: the ageing of the active population and the increasing prevalence
of atypical and night shifts. These trends should have two consequences:
an increase in the prevalence of atypical shifts (notably night shifts) in
ageing employees — which one can already observe today in France — and
increasingly frequent situations of employees from different generations
working alongside each other. In this context, issues of health and experi-
ence deserve a close scrutiny, and preventive actions should be carried out.

Thus, means of action are not located solely at the level of work situa-
tions, but also at the level of career paths (Prunier-Poulmaire et al., 2011).
These rely in particular on reducing the duration of exposure to work in
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rotating and night schedules, and to atypical schedules in general (shorter
schedules, part-time work, introduction of break periods in the workplace
or at home, reduction of the time spent in the work situation, etc.).
Designing the working time therefore involves anticipating it bet-
ter, by implementing better means of career management, regular and
frequent medical checkups on employees working shift work and night
work, ensuring access to on-the-job training, etc. By doing this, the goal is
to stop the potential exclusion of some employees from their workstation,
from their company or their establishment, or even from the job market.

Conclusion: From constrained
time to constructed time

Regarding the issues of time and work, the ergonomic approach is unde-
niably an asset. It is advisable to focus not only on work schedules as
such, but also on the persons who are subjected to those schedules, to the
characteristics of the work that is entrusted to them, and never to con-
sider these elements independently from one another, following a strong
principle of inseparability (Prunier-Poulmaire, 1997). Designing the work
without thinking about what is at play within this work, what occurs in
this work, what is done in this work, makes no sense.

Therefore, and surprisingly, designing work schedules involves first
carrying out fine-grained analyses of the work activity — the very activity
that is to be carried out within the confines of the proposed time. These
analyses make visible what was invisible, that is, the major differences
in strategy between day and night, that allow employees to confront the
specific requirements of their work. It is in this way that ergonomic analy-
sis takes on its full meaning; by analyzing the activity being considered,
by taking into account the singularity of the work situation that is stud-
ied and the specific features of the populations considered, we can reveal
the individual and collective strategies whose importance we have high-
lighted over the course of this chapter.

Furthermore, designing work schedules, particularly when they are
rotating or night shifts, involves ensuring they will allow employees to
learn about themselves, about other people in the collective, about the
work itself, and about its variability in the hours of day and night. To
be able to develop original know-how and specific skills requires being
able to understand these things. These acquisitions, these assets, can all
be transferred from here to elsewhere, constituting resources in the con-
struction of a chosen career path. Indeed, if one accepts that professional
experience is not limited to capitalizing mastery of specific tasks, but
also includes a knowledge of the contexts in which these resources are
deployed (Pignault and Loarer, 2008), then the knowledge of these specific
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temporal contexts, of the particular abilities one develops within them,
are all resources that could be transferred to support career mobility in
a way that is constructed and chosen by the worker. At this point, the
practice of rotating work schedules and night schedules could be seen as
a resource for the future.

Types of organization should also support margins for manoeuvre at
work — for example, by allowing the tasks to be carried out to be decom-
posed or spread out over time — and make it possible to choose the more
efficient modes of operation, i.e. those that are most compatible with the
internal state of the worker. Hence, setting up the organizational condi-
tions that are favourable to the processes whereby these strategies are con-
structed, providing genuine latitude for decision and for action, equates
with contributing to the development of skills in operators and to the
preservation of their health. Finally, designing work schedules implies
providing a temporal context that allows and encourages autonomy — the
very autonomy that actively contributes to the development and the con-
struction of health.

As we can see, the definition of a favourable schedule is a complex mat-
ter. Yet, it remains an important issue because it contributes to setting up
an ‘enabling environment’ — that is, an environment that is mindful of
individuals in the here and now, but also that is likely to preserve their
abilities in the long run, abilities for future action. Ergonomics can then
contribute to designing the time spent at work, so that it is not a constrained
time, but a constructed time.
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Any mobilization of resources in order to act in a given context requires
the implementation of a work organization. Ever since Taylorism and
Fordism, the form favoured by work organizations has been the proce-
duralization of work, including in the case of newer, more recent forms of
work organizations such as Lean manufacturing.

Such an approach posits that the effectiveness of the organization
resides in the value of the procedures that it implements to act in the real
world, and in the control of the organization over how these procedures
are applied. Yet, ergonomic analysis shows that in order to be effective,
the activity of workers — this term also includes managers — drifts away
from strict adherence to these rules. This does not, however, condemn the
principle of organizing work, but differs from a deterministic approach
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to organizations, which confuses anticipation with reality. This approach
forces workers to cope with insufficient or ill-suited means, at the risk of
disrupting their effectiveness and their health.

In this chapter, we will defend a positive view of activity as a resource
for the organization. This vision implies redefining the role of standard-
ization and the nature of prescription, and specifying the nature of the
relationship between the organization and the real world, on the one
hand, and between the organization and subjectivity, on the other hand.

When standardization freezes the organization,
the workers are put to trouble

Taylorism has claimed to ‘scientifically” prescribe the best way for all to
perform a job. From the start, the Taylorian organization denies any legiti-
macy of the worker in deciding the worth of his or her own empirical way
of working, entrusting company management with supervising the work,
and the engineering sciences with designing and prescribing work. This
repossession is one of the keys to the industrial revolution. This model of
effectiveness is said to be scientific because it relies on a formal correspon-
dence between measures of physical activity and industrial performance.
Through Fordism, it allowed the development of employment and pur-
chasing power for many people who did not have access to them or who
wished to leave the social condition associated with agricultural work.
However, criticism of this approach emerged quite quickly. American
workers” unions blamed it early on for turning humans into machines,
as evidenced by Taylor’s famous phrase to workman Shartle: “You are not
supposed to think. There are other people paid for thinking around here’.
Closer to our own history, many industrial actions in the 1970s denounced
the effects of Taylorism: monotony, repetitiveness and a lack of prospects.

Activity ergonomics was born in this context, based on three main
critiques of Taylorism and Fordism:

* On the one hand, they reduce the mobilization of the ‘human
resource’ to the execution of simplified and predefined gestures
(division of labour).

® On the other hand, neither understands that the real world as it imposes
itself to the workers does not fit in the division of labour as it is initially
planned, in such a way that workers must cope with situations where
resources are sparse.

e Finally, they both oppose drifts from procedure by likening them to
defects (errors, violations), denying that they might be a source of
any effectiveness and blaming them for detrimental effects on physi-
cal and psychical health.
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Therefore, activity ergonomics is opposed to a certain way of organizing
work when it observes that the strict application of standards is ineffective.

This was pointed out even in the first ergonomic interventions ever
performed in France, such as the intervention in 1969 in a television man-
ufacturing company (Laville et al., 1972). Workers picked small television
parts from about 30 boxes placed in front of them (e.g. wires, resistors,
diodes, capacitors) of all shapes, colours and sizes before inserting them
within a 90-second time span into small holes on a metal “plate’, advanc-
ing at a speed of 1 meter per minute on a conveyor belt. At the time, the
dominant critiques of Taylorism — particularly that developed as early as
1956 by Georges Friedmann - pointed out the monotony of work related to
the repetitiveness of gestures. Indeed, this criticism denounced the effects,
but not the supposed equivalence between the work that is supposed to
be done (the standard) and the work that is done in reality (the activity),
which it therefore seemed to validate. Yet, researchers in ergonomics
discovered something else. The modes of operation implemented by the
female workers, in fact, coped with a wide variety of situations where the
small parts were inserted and extracted. These situations were related to
quality defects or difficulties in separating the components. All of them
mobilized a more sustained attention, complex cognitive processes and
more intense muscular effort than had been ‘planned’. The rhythm had
been calculated for supposedly simple gestures, and not to manage these
difficulties. The impact of the mobilization on the health of workers had
become much greater as a result (Teiger, 2008).

These observations and explanations are still valid today, and they
still upset the convictions of most economic decision-makers. According
to them, the standardization of prescribed work justifies the relevance
and effectiveness of investments. To ergonomics, however, standardiza-
tion as a project is not relevant, since it constitutes a limitation or even a
hindrance to workers seeking to achieve expected results (process safety,
quality, time, etc.). Obtaining the expected results may rely on automa-
tion, if the production system is stable enough to be entirely formalized;
failing that, it must rely on a system where humans deal with the part
of the system that is not or cannot be mastered, using informal rules that
they are in charge not of applying, but of mobilizing in order to manage
the risks (de Terssac, 2012).

Such observations are all the more topical in a service-based, immate-
rial economy. In the dynamics of a service’, the ‘beneficiary’ —i.e. a customer,

" Itis important to make a distinction between service sectors and the service approach, which
can apply to any activity —agricultural, manufacturing, services; in other words, to distin-
guish the industrial logic (which can permeate down to the service sector) from service-
based logic (which may inspire evolutions in the organization of the industry itself) (du
Tertre and Hubault, 2008).
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a patient, a user — cooperates in the production of a service that he does
not merely purchase and consume, but also co-produces or even co-
designs. From there, the sources of prescription become increasingly
complex. They are no longer just vertical and hierarchical (i.e. work that
is prescribed by management), but they are also lateral and transverse
(i.e. the expectations of customers, colleagues, etc.). The concrete produc-
tion of value thus depends on the ability of workers to carry out real-time
arbitration between multiple prescriptions. Let us take the example of a
gathering of workers in front of car bumpers leaving a painting line in a
factory that produces automotive equipment. According to standard pro-
cedure, they should be standing in a line, concerned with detecting grains
and sanding them down before the bumpers are sent to the end customer.
Why are they exchanging opinions? This morning, the amount of grains
is very high and occurs too often over the bumpers. They will obviously
plan a longer sanding period, mostly to sand down the visible traces, as
well as customer returns because of quality dropouts. But they hesitate
to send the bumpers back to the start of the painting line because of the
delays this will cause to production and delivery. Because of this, after
some brief exchanges they decide to call the quality manager, who comes
in and decides to accept the defects to satisfy the criterion of volume
within the time set in the contract. Based on a strategic appreciation of the
situation, where his knowledge of the immediate needs of the customer
plays a crucial part, he would probably have decided differently if cus-
tomer needs had seemed different to him. Indeed, this is what the concept
of customer implies: understanding needs beyond what has been contrac-
tually and formally planned in such a way that the service relationship
goes necessarily beyond what the agreement had planned. The workers
were conscious of the need to assess the relevance of prescribed work and
to allow themselves some leeway concerning the criteria, but lacked the
authority to arbitrate between each other. The deliberation, when faced
with the product, suggests an ability to clinically analyze the situation.
The goal is related both to performance in activity (i.e. doing a good job)
and to their health (having something to do with this useful work), but
also to an impossibility of action. This is the very essence of the concept
of service: knowing and being able to decide the level of quality, and
thus economic performance, that is acceptable. From this point of view,
one should note that the ‘modernization” of public services most often
follows — or, one should say, imitates — the dominant industrialist solution
that is implemented in large private companies. This tends to produce the
opposite effects to those that had been claimed by the advocates of new
public management: declines in the quality of service, psychosocial ten-
sions in the activity of ‘agents’ and rudeness on the part of ‘beneficiaries”.
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Work activity as a resource for organizing
work and of organized work

Work activity takes charge of the drift between what is planned and what
really happens. Because of this, it serves many purposes by adapting the
organization of work when and where this organization is not able to
deal with the real world as it is. Thus, the activity is both organized by the
prescriptions and a reorganizer of the system as it was initially planned
(cf. Arnoud and Falzon, this volume).

Activity as a resource for organizing work

In order for the work organization to take into account the real-world activ-
ity, it must deal with an apparent contradiction. Indeed, when designing
the organization, activity, by its very nature, cannot be known beforehand;
nor can it be prewritten as a standard might be. Its integration within the
work organization can only be imagined in potential terms. Activity rep-
resents what the worker will have to/be able to/know how to put into
play to carry out what is expected. Hence, it is the process — more than the
‘done deal’ — that the organization can deal with. This echoes the concept
of ‘work of organizing’ proposed by de Terssac.

From there, the value of activity is in its relevance. Activity only reveals
itself in real life, during an encounter with the real world where it will
reveal its potential. By definition, the real world is not completely known
in advance either. At best, its contents are supposed (i.e. the organized
work in Figure 6.1). During its future encounters with the real world, work
activity will take charge of the discrepancies between this idea of the
future and the real-world situations. This is what we call the work of reor-
ganization. The whole issue, when designing a work organization, is to

A

Organized Work of Reorganized Work of Operative
work prescribing work reorganizing responses
L J
Y

Work activity

Figure 6.1 From the organization of work to the work of organizing.
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produce elements of knowledge regarding this future activity, so that the
prescribed work may include some leeway, allowing the implementation
of several operating strategies to cope with the probable variety of real
production situations. Anticipating the probable diversity of these situa-
tions in the future, as well as the breadth of modes of operation that are
necessary for dealing with these situations, relies on methods aiming to
simulate probable future activity (Daniellou, 2004) and probable future
organizations (Van Belleghem, 2012; Barcellini et al., this volume). While
seeking not to standardize everything and to highlight the need for plas-
ticity in any work system (Béguin, 2007, Hubault, 2004), these approaches
invite us to view work activity as a resource to continue — i.e. to realize,
in real-world situations of use, the design of systems implemented by the
organization, which is, by definition, unfinished (Vicente, 1999).

Organizational prescription and organized work both emanate from
the ‘cold world". This is the world of the projections that are made in the
design stage, based on the scenarios that are imagined relative to the future
and on the experiences remembered from the past. Activity, on the other
hand, develops in the emerging world where it produces other rules, based
on every real-world situation. However, to achieve this, the work organi-
zation must allow autonomy in individual workers and in the collective of
workers, within a framework that is plastic enough to allow deformation
and reformation (Maggi, 1996). The confrontation between the initial rules
and the rules produced by individual workers and collectives of workers
requires some adjustments. The evaluation of these adjustments by indi-
viduals and collectives depends on the performance criteria that they give
themselves. This ‘hot” evaluation of the issues raised by a strict adherence
to the rules occurs in live action. It must then ‘cool down’ through a pro-
cess of collective deliberation. This can occur either between peers or with
the hierarchy —i.e. through horizontal or vertical collaboration (Dejours,
2009). This allows the adaptations implemented by the workers in real
time to cease to be an object of illegitimacy and conflict (de Terssac, 2012).
This is exactly the goal of resource management: to be able to accept the
immaterial investments that are necessary to capitalize on this know-how
(issues of quality, safety, innovation, development, etc.). It is these very
issues that form the main part of competitiveness in modern economies
(du Tertre, 2007). Regarding this, let us note that ergonomic analyses tend
to converge with economic, sociological or psychological analyses — all of
which have a similar relationship to prescription.

Activity as a resource of organized work

For activity ergonomics, work organization is a dynamic system where the
initial prescriptions, real-time reorganizations and cooled down adjust-
ments based on earlier activity constantly combine with one another.
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This view of organizations and prescriptions:

® Provides a response to the variability of situations. It would be point-
less to attempt to make this variability disappear entirely.

* Proposes an approach of standards as a reference base that workers
can refer to, to access operative possibilities that have been exper-
imented on in the past. In this respect, it suggests rethinking the
usual relationship to standards, making it possible to act in an open
world, which is both varied and subject to variation.

e Produces an operative framework of rules that workers can find
their way in. This framework supports the sense of belonging to a
collective and to a trade.

e Supports making connections between the goals workers set for
themselves and the results that are expected of them.

Dealing with tension between autonomy
and heteronomy: An issue for the organization

The raison d'étre —i.e. the meaning — of activity is to respond to the insuffi-
ciencies and the exteriority of prescriptions. Prescriptions are insufficient
because the task is invariably overwhelmed by the real-world situations
that it anticipates. It is also exterior, because it is based on reasons that are
heteronomous to the acting subjects.

Therefore, ergonomics aims to design organizations capable of sup-
porting autonomy, since one must be able to depart from prescriptions to
carry out the strategic intention of the task. But in order to depart from the
prescription, people must also be able to mobilize their own reasons for
acting —i.e. their subjectivity. Therefore, ergonomics advocates an organi-
zation where the company’s reasons resonate with the people’s reasons for
acting — that is, an organization where heteronomy cannot be radical, and
must instead be relative, and which accepts a degree of autonomy, which
must also be relative since no activity can occur without it. The ‘task’ can
only serve as a resource for the activity if it can combine the sources of
prescription — those related to what the company expects of the worker,
and those which the worker reintroduces himself or herself — his or her
dispositions for action, updated in the face of the real world (Hubault and
Sznelwar, 2011).

The means that agents have of experimenting, debating, designing
efficient rules and making decisions depend on this fragile balance. All of
this can be termed the deontic activity (Dejours, 2009).

Ergonomics supports the idea that the organization of work is a pro-
cess in which the mobilization of subjective resources — the body, the
subject — plays a central part.
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In the Taylorian and Fordian system, the work organization, placed
under the sole responsibility of engineers, relies on the hypothesis that
work is identical, in its nature, to the operation of machines. This hypoth-
esis is the basis of an organization that defines work in terms of execution.
In the man-machine pairing, man forms with machines a system that is,
in the end, purely technical (human engineering). Subjectivity — and, as
a consequence, competence, cooperation, engagement and autonomy —
has no place in this organization. There is therefore a certain degree of
consistency between the absence, in the model of scientific organization
of work, of work in any form, and the central role ascribed to engineers
in managing the production system. With the evolutions of the basis for
competition between firms and the new configurations of production that
derive from this evolution, the drivers of performance are no longer just
technical. The set of resources that must be mobilized no longer depend
exclusively on engineering, but on the engagement, subjectivity and inter-
subjectivity of agents in work situations that no longer require them to
execute tasks and apply rules, but to respond to the unforeseen elements
of these situations. From there, one must understand how value creation
is driven by competence, cooperation, engagement and autonomy; under-
stand that organizational innovation is no longer just a result of techno-
logical innovation alone. All this becomes a requirement in the work of
managers, shifting the balance of their work toward the social and politi-
cal sciences. By (re)focusing on the issues of work, these sciences have
completely altered their relationship with organizations, and along with
it, the role that ergonomics can play in these organizations.

Yet, it is more than ever difficult to satisfy this requirement.
Management is finding it difficult to set itself apart from engineering,
although it is in this difference that its specific character resides. It is the
idea of work as a resource that is the source of this resistance, echoing
the heritage of Taylor and Ford, which reduces activity down to a suc-
cession of operations. Resource and development are therefore two inter-
related concepts. One cannot think about the management of human
resources without thinking also about the development of this resource,
both as a means and as a project in the process of value creation.

Being competent in resource management is therefore a key issue for
organizations wishing to

e Transform the function of standards, abolishing their strict status as
a heteronomous requirement (i.e. what must be and what one must
comply to) in order to give them status as a resource and as a refer-
ence (thinking out what one can do, what can help in getting it done)
that can be mobilized in situations that appeal to subjectivity

* Design organizations beyond an engineering approach (that is focused
on the control of prescription through standards) highlighting the
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role of management (a management that is mindful of developing
immaterial resources — trust, cooperation, health — allowing the
work to be done)

¢ Develop models for the assessment of work activity, which value not
only observable and tangible modes of operation, but also individual
and collective forms of engagement of subjectivity in one’s activity:
cooperation, responsibility, mutual aid (Clot, 2008; Dejours, 2009; du
Tertre and Hubault, 2008)

Setting the organization: A relationship with risk

From engineers to managers, there is an evolution that is concerned with
the relationship that companies have with risk. In the vision of engineers,
that of a world that can be mastered, work is deployed in a universe that
is controlled and known beforehand, through a set of rules whose appli-
cation must be verified by management. In the vision of managers, the
world is emergent and uncertain. Work is better recognized as a resource
that aims to cope with a universe that is indeterminate and varying. Risk
is contained within this indetermination and, as a consequence, within
the impossibility of defining all responses beforehand. The existence of
this risk and how it is taken on both constitute the very nature of work.
To claim this may seem imprudent, given the extent to which work
is an object of regulations, technical responses and organizational
intentions — all of which are intended to protect it from risk. But it would
be just as reckless to attribute too much power to these provisions, since
applying them strictly can easily turn into constraints and risks for those
who must apply or enforce them. Let us take the example of an expe-
rienced worker using safety goggles while manufacturing complex and
unique pieces. The goggles protect him from projections of filings and cut-
ting oil. He knows this and wears them. However, he does not wear them
all the time. This illustrates the shift from an initial rule to another rule,
produced by autonomy: ‘taking the goggles off” might well be viewed as
an offence (when viewing the world as something that can be mastered),
but also as a response (in a view of the world as an emerging system). Our
worker will remove his goggles when, in a given situation of production,
he opts against keeping them on. Indeed, he was requested to achieve a
certain quality of production ‘on the first go’. The need for added value
in the pieces originates from a message, clearly perceived by all mem-
bers of personnel, in a very competitive market. Failing to manufacture
a piece correctly, having to do it again, implies disappointing a customer
and ultimately endangering one’s job. Therefore, our worker has elected to
not use the goggles that, when splashed by the oil projections, might have
prevented him from processing all of the information — notably visual —
that is required for defining the machine settings and operating it. Here,
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working consists in being able to identify and locate these various kinds
of risks in order to know how to act — that is, being able to assess what is
going on, with respect to what might happen if one does not react suitably
(Nascimento et al,, this volume). Engaging this ability explicitly mobilizes
subjectivity — that s, the sensitive ability to be affected by whatis going on.
Subjectivity, here, becomes a springboard and a resource for production.
For our fitter, being affected by what is going on is related to the commitment
of the company to its customer: it involves the brand image, the trust of
the company, but also of the work collective and the worker himself. This
introduction of subjective aspects in the realization of a task — manufac-
turing a piece to specifications —is part of the task itself, and management
must pay attention to these aspects. Let us emphasize this point: the more
the situations encountered by workers are ambiguous and enigmatic in
relation to what they should be at the moment the rules are designed, the
more it is necessary to mobilize the subjectivity of workers. The presence
of management at that time is essential. Indeed, it will find it very difficult
to understand an experience it has not shared — or to enhance its value, to
support it, and make it evolve. Setting the level of proximity thus becomes
a key strategic issue for management, in terms of both driving events and
assessing the contribution of real work to results.

Let us now focus on evaluation. Every organizational system rests on
an assessment of risk, of the means that are to be implemented to deal with
these risks, and of the ways in which the real efficiency of the whole can
be judged. The dominant trend today seems to rely on benchmarking and
the promotion of ‘best practices’. The problem is this: benchmarking rests
on the hypothesis of a structural equivalence between events. This leads
to supporting a strategy of purely incremental innovation, based on a
logic of imitation and alignment (du Tertre and Hubault, 2008). This is
the essential goal of Lean manufacturing, and the basis of the criticism
addressed to it by followers of a clinical approach to work (Hubault, 2012).
Benchmarking is particularly irrelevant in the case of service dynamics,
for two key reasons, which should be emphasized here: (1) the immaterial
resources that are mobilized are not measurable, and therefore lack any
common ground for comparison, and (2) they can only be evidenced in the
real-world situations that reveal them — trust, cooperation and skill can
only be well assessed in a crisis, where they can save the situation. These
reveal themselves in a timeline that does not rely on continuous time, as is
the case in the valuation of capital, but on discontinuous, emerging time,
which cannot easily be used as a grounds for comparison.

Essentially, benchmarking perpetuates the Taylorian model, which,
by reducing activity to a system of operations and the productivity of
work to the temporal costs of normalized, elementary operations, relies
on integrating a finality to these operations. This vision is akin to neutral-
izing the issue of meaning (see the example of the quantity of grains on a
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car bumper) by reducing it down to the procedures, and confusing evalu-
ation (e.g. making a trade-off between sanding down all the grains and
postponing delivery, and abandoning sanding and being on time) and
counting (e.g. counting the number of grains). Yet, the economic dynamics
tend to focus increasingly on immaterial attributes. This implies that one
can no longer just measure to perform an assessment, but should mobilize
a value judgement.

Setting the organization: A relationship
with the real world

Working means being concerned with all the forms of the real world that
emerge in addition to what had been supposed, in order to cope with them
and make use of them. Managing therefore means being concerned with
events (both positive and negative) that make these forms emerge, and
with the means that allow workers to respond to them. This plurality of
the forms of the real world is truly in the real world. It is a given fact of the
situation, which cannot necessarily be programmed, but can be foreseen.
The analysis of ‘real-life work” must be able to recognize work following
this goal: to describe and understand what the worker does, but also what
he cannot and does not do, what he is preventing, and what is preventing
him from doing the job, what he is making come to pass, what he is seek-
ing, what he might do, what he should be doing, etc. for the product, the
customer, the company, the world, the collective, for himself, etc.

An ‘organized work’ is always proposed as a response to deal with
the uncertainty to which real-life work will be confronted. But it also orga-
nizes an experience in which workers will put the limits of this response,
as they experience these limits for themselves. This will inform them that
this particular response is not a ‘way out’. This experience leads work-
ers at the heart of an uncertainty that constitutes, in the end, the stake
of work itself. One might say that by choosing the risks that it decides to
protect itself from, the organization decides, at the same time, the risks it
shifts to the ‘unregulated” space of real-life work.

Setting the organization: A specific
relationship with subjectivity

Two contradictory logical approaches of a service — the service delivery
and the service relationship — are present in real work situations. It is
therefore in the activity itself that everything is sorted, through a dimen-
sion of activity that is not well known, and yet which has always been a
component part of it: subjectivity.
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Work is concerned just as much with the relationship of workers to the
rule — as far as system operation is concerned — as with the relationship
to values in the order of subjectivity. Real-life work always arbitrates
between these two normative ranges. Hence, both the work organization
and the management that drives it are confronted with a choice:

o To justify the collective or to justify autonomy only in terms of their utility:
But then, how can one account for engagement and involvement if one
only recognizes these to make use of them, with a strictly utilitarian —
and therefore, heteronomous — view of perfecting their operation?

e To justify the collective or to justify autonomy only in terms of subjective
values: But how can one understand, then, their effectiveness if one
does not recognize their rationale in the very nature of the situations
involved?

We can therefore see that it is a key issue to develop a view of the
organization as something that mobilizes the resources necessary to man-
aging the tension between these heterogeneous designs. Indeed, in the
end, everything depends on the ways in which these situations respond
to one another: the areas that the organization identifies as a risk — see, in
our example above, the risk of oil projections in the eyes if one does not
wear goggles — are not necessarily the areas that the worker identifies as a
risk to himself (for the fitter, the risks which he identifies in relation to ‘not
getting it right the first time”).

To achieve this vision, one must recognize the power of subjectivity in
the battle with the ‘unexpected elements of work” — that is, anything that
will constitute an event and justifies the active presence of the subject. But
to draw this line of reasoning to a close, one must be able not only to relate
subjectivity with its economic utility, but also to understand why the sub-
ject has a stake in being able to do something for himself or herself out of
what is happening (or happening to him or her).

The managerial stakes of autonomy

Ergonomics advocates a view of human resources management that is
geared not toward managing people, but toward managing the produc-
tive power of their activities. This orientation is concerned with the way
in which the organization constructs a relationship with autonomy: on the
one hand, the autonomy of people in their work, and on the other hand,
the autonomy of work in the processes of value creation. Indeed, there is
no way of truly supporting autonomy if one grounds its development only
in what the organization expects out of it.

When this orientation is not clear, this leads to an injunction of
autonomy —which is increasingly prevalent today, and increasingly patho-
genic. This may, for example, take on the form of the modern obligation to
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promote collective work. Because it is impossible to prescribe the task with
enough precision, the order to work is increasingly addressed to the col-
lective in modern organizations. However, such organizations continue
to apply the form of control that is established in relation to an individual
task; the development of individual performance evaluation is a very clear
illustration of this.

In other words, the issue is to coordinate two dynamics: one that sets
the need for autonomy, and the other that reaffirms the need for a central
control — and contradicting the first. The issue is to recognize this contra-
diction in order to manage it. The wish is either to maintain centralized
control over process regulation, or to develop a process-based vision, the
only vision that can offer an opportunity for autonomy. Of course, these
two modes of regulation are intertwined in the activity of every person.
However, confusing the two modes leads to the impossibility of under-
standing autonomous regulation.

The heart of the matter therefore boils down to this: management
is structurally set in a logic of defiance related to the people it deals
with. It has increasingly, itself, fallen prey to defiance on the part of the
upper layers of decision-making, and so on, moving further and further
upward. This position is practically a complete reversal of the hypothesis
of a human resource, which the organization could admit to being able to
count on. This failure to consider work as a resource testifies to a general
mode of thought that constantly wagers against the real world that escapes
it, against the ability to face risk, against work, and against autonomy. It
is therefore the very idea of a ‘process’ that cannot take hold, and the very
idea of development that is prohibited. The key features of Taylorian work
can be found here: it is closed onto itself, it is pure ‘operation’, and it leads
to no development, be it subjective or economical; nothing can be built
onto it. This is why it has an alienating character: activity can only lead to
servitude if it leads to perpetuating its initial stance.

What about the new forms of work organization?

The idea of organizational change emerged in the 1980s and has been a
strong focus of attention in companies. Companies rely on organizational
change, occasionally, regularly, gradually or suddenly, depending on the
requirements of increased competitiveness, on certifications demanded
by customers, or simply on the introduction of new technologies. Every
time, these changes strive toward organizations of work that are less fix-
ated upon standardization of work and heteronomy.

The Valeyre inquiry on conditions of work in the European Union in
2006 proposes a categorization in which two forms of work organization
might correspond to this goal: Lean production and learning organizations.
Lean production is characterized by a strong tendency toward the diffusion
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of work in teams, task rotations, versatility and quality management through
strict standards and self-monitoring conditions. Autonomy is described
as relative (controlled) in those situations, although these conditions are
exposed to unexpected problems in the form of time constraints. Learning
organizations are related to Lean production (teamwork, self-monitoring,
unexpected situations) but differ from it by allowing a greater autonomy at
work and a lesser time constraint. It seems that these two principles are pro-
moted as means to cope with complex, nonrepetitive situations. Although
the results of the inquiry show a good correlation between learning organi-
zations and good working conditions, Lean production, in contrast, is very
close to — or indeed, is worse off than — Taylorian organizations.

Activity ergonomics is less familiar with learning organizations than
it is with Lean production, and knows how to analyze the latter’s low
scores (Bourgeois, 2012; Hubault, 2012). In intent, Lean production advo-
cates departing from Fordian modes of prescription. For example, it is
requested that the prescribing agent should not ignore the realities of the
field, and should be ready to listen to the workers. However, Lean produc-
tion does not give up on standardization; on the contrary, standardization
remains its horizon. Indeed, Lean production wagers on the capacity of
standardization for improvement — which it aims, precisely, to develop —
by taking into account the difficulties encountered at work, notably dur-
ing kaizen workshops. Although Lean production does request the word
of the worker, which is a key difference with Taylor’s response to work-
man Shartle, this approach finds it difficult not to instrumentalize sub-
jectivity, all the while recognizing this subjectivity. This can be seen in
very concrete terms, by the way in which a gesture, a movement or out-
standing parts continue to be defined as ‘waste’. Or in how the feedback
of workers who are requested to express themselves in kaizen workshops
is restricted to the topic of the difficulties encountered, and does not talk
about the experience of action. From this point of view, Lean production is
not very different from Taylorism. It can even be viewed as a more ardu-
ous experience, because the whole system is supported, both ideologically
and methodologically, by a promise to listen to the worker.

This chapter has sought to account for the resource that activity rep-
resents, as well as to describe the reasons and the issues why it is largely
ignored in the current evolutions of organizations. However, it would
be fairer to view the problem in terms of the fear that the integration of
human activity awakens in these organizations. What can we do, then?
Certainly, one should improve the demonstration that taking a chance is
better than denying the issue. This suggests the need for a closer collabo-
ration of ergonomics with management science, economics, psychology
and sociology, in order to design evaluation systems that include concepts
of autonomy, subjectivity, leeway and regulation, and are compatible with
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managerial concerns. This is one of the current pathways for the develop-
ment of activity ergonomics.
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This chapter describes various faces of safety and questions the condi-
tions of development of a form of safety that includes the co-design of
rules, their appropriation, their use and the adaptations that are necessary
in real-life situations. The literature in the social sciences — ergonomics,
sociology, psychology, etc. — has emphasized the complexity of this issue,
which cannot be simply reduced to a static articulation between, on
the one hand, the production of formal rules, and on the other hand, the
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use that is made - or not made — of these rules (Amalberti, 2007, Bourrier,
2011; Daniellou, 2012; Dien, 1998). It is useful, at this point, to take into
account the adaptive, dynamic and developmental character of safety, in
order to continue to make progress in this field.

Our work is located within this constructive view of safety. Safety
does not result merely from eliminating malfunctions — i.e. suppressing
technical and organizational variability — or solely from defining pre-
planned responses to errors and failures (via standardization of human
action). It is the result of the ability to succeed in varying conditions, mak-
ing use of all available resources.

However, it is not possible to ‘let everyone do as they please’, because
situations may be very hazardous. Nor is it possible to forbid any adapta-
tion — because variability does exist, and the blind application of rules
could lead to suboptimal decisions with respect to specific criteria. We
must therefore allow for both a reasonable loosening of the rules, and
processes for managing it in an appropriate way — that is, by defining
places where the trade-offs that are made can be discussed. These ele-
ments of activity are closely connected with developmental processes.
Safety is constructed as skills are developed, which creates new resources
for acting safely. It is in this sense that we will talk about ‘constructed
safety’ in this chapter.

Models of safety are a hot topic of debate today. Because of this, one
can note the existence of many terms, some of which relate to concepts
that are quite similar. This chapter will attempt to clarify the equiva-
lences, resemblances and differences between these terms.

Regulated safety and managed safety: From
the addition to the articulation of safeties

Regulated safety and managed safety

Since the past few years, two fundamental paths have been identified to
achieve safety (Amalberti, 2007; Daniellou et al., 2011; Falzon, 2011; Paries
and Vignes, 2007): requlated safety and adaptive safety.

Regulated safety aims to control risks by regulating work practices. It
relies on formulating rules (procedures, frameworks, prescriptions, etc.),
on diffusing these rules amongst stakeholders and on enforcing their
application (Hollnagel, 2004, 2006). These rules have various origins: mod-
els of the operation of a technical system, standardized empirical data
derived from research and experience feedback of incidental or acciden-
tal situations. Designers aim to anticipate as many situations as possible,
to ensure that the operator will not have to construct a solution on the
spot. Regulated safety can therefore constitute a resource for action, in
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the sense that it provides a framework for action that often encompasses
situations that have been encountered in the past in order to prevent situ-
ations that may occur in the future (Mollo, 2004).

Conversely, managed safety relies on the capacity of operators for ini-
tiative, either alone or as a group, when dealing with unforeseen events
and with the natural variability of the real world. This approach derives
from the idea that it is pointless to believe that everything can be foreseen —
human intervention is therefore necessary to ensure reliability. As Reason
et al. (1998) point out, ‘There will always be situations that are either not
covered by the rules or in which the rules are locally inapplicable’.

Some authors (Cuvelier and Falzon, 2010; Dien, 2011; Paries, 2011) have
noted that regulated safety and managed safety were initially described,
either as a sum of added terms or as two incompatible approaches that
were contrary to another; the extension of the field of regulated safety and
of foresight gives greater precedence to formal rules, reducing the auton-
omy of agents: too much regulated safety kills managed safety (Morel
et al., 2008; Daniellou et al., 2011; Nascimento, 2009).

It seems to us that the question is not so much one of setting a ‘cursor’
between the domain of regulated safety and that of managed safety —but
one of producing relevant rules and determining how these rules are
used, transformed and invented reasonably in real-life situations.

Safety in action and effective safety

The concept of ‘safety in action’ takes a step in this direction. It is pre-
sented not so much as a dichotomy than as a combination between rules
and the real-time management of the situation. It is ‘the way in which
subjects go about acting safely in the face of disruptions, and about man-
aging their own actions which are not always optimal with respect to
the rules’ (de Terssac and Gaillard, 2009, p. 14). The authors argue that
safety in action is arbitrated by professionals themselves, depending on
the situation, complementing formal rules or contradicting them. In this
sense, professionals combine rules in action, electing to use them or not —
and above all, inventing new rules in order to act safely (de Terssac and
Gaillard, 2009, p. 14). It is a manifestation of safety in the here and now.

Following this view, safety rules and rules of action cannot be con-
sidered separate from one another. The management of safety should
be viewed as ‘an action that is attached to professional action and flows
together with it, and not as an action that is detached, separate, and dif-
ferent from professional action’ (de Terssac and Gaillard, 2009, p. 16,
our translation).

More recently, and in a sociological perspective, de Terssac and
Mignard (2011) made use of the dynamic nature of the life of the rules
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in their analysis of the catastrophe at the AZF chemical plant. They
introduced the concept of effective safety to complement that of safety
in action. Effective safety is viewed as a process during which there are
stages of flexible safety, imposed safety and negotiated safety. It is ‘the
way in which subjects shift from a safety that is set by rules to safety in
action, through the transformation of formal rules into shared obligations
which every person commits to upholding: engagement, appropriation,
understanding, and knowledge-based coordination form a set of social
rules that are invented and mobilized to “act safely”” (our translation).

The normative approach and the adaptive approach

As we have seen above, the debate as it currently stands focuses on how
to articulate two pathways to achieve safety — one that is anticipated, pre-
determined, reactive or ‘top-down” and imposed to the sharp-end operators,
and the other that is reactive, adaptive and based upon individual and
collective competence (Paries, 2011). In this section, we will describe these
two positions.

The first position emphasizes regulated safety and ignores — or pre-
tends to ignore — adaptive safety. In this view, any manifestation of adap-
tive safety constitutes a failure of the system and should be prohibited.
Safety is sought through conformity. It is possible to assess the level of
safety by assessing the level of conformity to prescriptions. This position
will, in the remainder of this chapter, be termed the normative approach.

The second approach has been described as adaptive (Falzon, 2011). It
relies on all of the resources that are available — that is, on the one hand,
the procedures, rules and standards that are edicted by organizations and
tutelary authorities, and on the other hand, the rules that are constructed
locally, the ad hoc procedures that are constructed to cope with the vari-
ability of real-world situations. The adaptive approach is interested in
safety in action (de Terssac and Gaillard, 2009) and relies on the intelli-
gence of the agents involved in the situation to act safely. It therefore com-
bines regulated safety and managed safety, making it possible to ensure
system resilience — that is, ‘the intrinsic ability of a system to adjust its
functioning prior to, during, or following changes and disturbances, so
that it can sustain required operations under both expected and unex-
pected conditions” (Hollnagel, 2010).

This distinction between normative and adaptive safety can also
be found in the two models of application of rules described by Dekker
(2003), who draws an opposition between ‘blind adherence’ to rules and
the application of rules as a complex cognitive activity — an activity that is
‘substantive” and skilful.
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The first model rests on four postulates:

1. Rules constitute the safest way to perform a job. This characteristic
echoes the principle of the ‘one best way’.

2. Adherence to rules then consists in a mental activity that is mainly
based upon simple rules of the ‘if ... then’ type.

3. Safety results from operators conforming to procedures.

4. To improve safety, organizations must make an investment to
ensure that workers know the procedures, and that they comply
with these procedures.

In this model, the emphasis is placed on conformity to rules, rather
than on the relevance of the response to new or unforeseen situations. This
may undermine the capacity of an organization for resilience (Daniellou
et al., 2010).

Conversely, the second model posits that rules, although they consti-
tute resources for workers, are not enough to cope with every single work
situation. This model is, according to Dekker (2003), based upon the fol-
lowing four assertions:

1. Rules are resources for action. They do not specify each and every one
of the circumstances in which they apply, and therefore cannot dic-
tate their own application. They cannot ensure safety on their own.

2. The correct application of procedures to situations can be an activity
based upon competence and experience, i.e. be substantive and skilful.

3. Safety results from the ability of operators to judge when and how
they should (or should not) adapt procedures to local circumstances.

4. To improve safety, organizations must control and understand the
reasons underlying the discrepancies between rules and practice,
and develop the means to help workers to judge when and how to
adapt these rules.

Daniellou (2012) and Dien (2011) point out that the attitude of manage-
ment is a fundamental factor to make some progress in the operational
connections that move an organization toward an adaptive approach. It
often emerges that this attitude is neither consistent nor homogeneous,
because it is overly dependent on the success or failure dimension of the
attempted action. Before going into detail on this aspect, it seems useful
to draw some distinctions between the various forms of safety in action,
concerning workers at the sharp end. To do this, we draw support from
four empirical studies in the fields of medicine and aeronautics (Cuvelier,
2011; Dicioccio, 2012; Mollo, 2004; Nascimento, 2009).
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The adaptive approach and forms of safety in action

When faced with the diversity of real-world situations — whether this
diversity is more or less planned, and whether it is routine or exceptional —
the forms in which regulated safety and managed safety can be articu-
lated with one another may vary. Two possibilities can be distinguished:

¢ The first possibility is that there are no formal rules that are pre-
cisely suited to dealing with the situation, either because the exist-
ing rules are too generic (Section 8.3.1) or because some cases are
not covered by the rule (Section 8.3.2). Managed safety then enters
the fray to support regulated safety, to complement formal rules.
Following this view, workers do not have to make any trade-off
regarding whether or not to follow the rule, since this rule does not
really exist. They must therefore invent new rules, possibly drawing
inspiration from existing rules.

* The second possibility is that formal rules do exist, but their applica-
tion is being questioned. This may occur when the context that had
initially been foreseen is not present (Section 8.3.3) or when apply-
ing the rule seems counterproductive (Section 8.3.4). This time, man-
aged safety steps in, to decide whether or not to make use of the rule
(concept of possible violation of the rule) and to decide what degree
of transgression of regulated safety is acceptable.

Rules are generic and must be particularized

In some cases, the variability and complexity of situations are such that
safety rules cannot prescribe in detail the ideal conduct that workers should
adhere to. The rules indicate criteria, properties and possible means to
reach safety goals, but the implementation of these rules always requires
interpretations and decisions that take into account the singular character
of each situation. Illustrations of this combination can be found in the
medical field.

In this field, rules (e.g. recommendations, treatment protocols, bench-
marks for best practices) are grounded into evidence-based medicine
(EBM). Several research projects have allowed us to characterize EBM as
‘a relatively flexible organization’ that does not prevent the development
of expertise or autonomy in decision-making (Cuvelier et al., 2012; Mollo
and Falzon, 2008). For example, one can see that while they adhere to the
rules in accordance to EBM, anesthetists can propose different strategies
for an intervention (variability between anesthetists working on the same
medical case), even when working on frequent cases that are deemed easy
or usual (Cuvelier et al.,, 2012). Thus, compliance with the rules does not
always eliminate the variability of possible solutions and, because of this,



Chapter seven: Constructing safety 101

does not systematically lead to identical strategies for action. In other
words, regulated safety does not ‘crush’, in this case, the situated deci-
sions made by the subjects, and it always requires managed safety as a
complement. For instance, in oncology, therapeutic benchmarks contain
a number of decision criteria whose values are adapted when they are
combined with the specific characteristics of the patients to be treated. In
particular, the patient’s age is expressed in chronological terms, whereas
doctors reason from the patient’s physiological age, and may then end up
tailoring the treatment that is recommended by the benchmark.

Whereas in the normative approach, this variability of possible solu-
tions mightbe seen as regretful, the adaptive approach views, instead, rules
as resources that support and provide input for managed safety, without
substituting themselves for managed safety. In this case, regulated safety
and managed safety constantly combine with one another, and both of
them are necessary to achieve overall safety. Indeed, it can be noted that
this variability of work practices does not make it impossible to reach a
high level of overall safety. On the contrary, various works have shown
that the diversity of strategies allowed by the rules can, in some conditions,
prove to be a margin of adaptation that is profitable for the development of
safety (Amalberti, 1992; Cuvelier et al., 2012). Returning once again to our
example, anaesthetic medicine is an ‘ultrasafe’ system that is viewed as
pioneering the field of healthcare safety (Amalberti et al., 2005). Analyzing
the activity of anaesthetists shows that choosing a strategy from the set of
‘possible strategies’ results from a subtle trade-off, allowing each worker
to find the most appropriate balance between the singular features of the
case being treated, on the one hand (the patient, the patient’s decisions,
the family, the complexity of pathologies, organizational constraints, etc.),
and the resources that are available to deal with this case, on the other
hand (the doctor’s own skill set, the skills of the medical team, the mas-
tery of equipment and medical techniques, the development of rules of
the trade, etc.). It is this process of matching the features of the case with
the available resources, a process that is always singular, that allows each
doctor and each medical team to work within their respective fields of
expertise, and therefore to reach a very high level of safety — regardless
of the difficulty, the rarity or the unpredictability of a particular case.

Rules may not cover some of the cases

Some fields of human activity are less prescriptive than others, in terms
of well-described work procedures. In these situations where there is
no external rule, the standard, the reference can be a priori internal to
an individual worker or to a trade. Hence, the activity of workers will
essentially depend on their ability to ‘invent’” new rules. Yet, when the
characteristics of a given situation question the applicability of prescribed
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rules, these rules are not necessarily abandoned. The workers can reason
from rules that might be applicable in the absence of any ‘deviant’ char-
acteristics. For example, in oncology, therapeutic guidelines do not take
into account some of the patients’ medical characteristics (medical history,
comorbidities, etc.). Similarly, there are no guidelines for the treatment of
breast cancer in men. Yet, doctors reason from the guidelines that would
apply if the characteristics we have just mentioned were absent, to deter-
mine the therapeutic strategy that is best suited to a particular case (since
the guidelines guarantee the effectiveness of the treatment). In radiother-
apy, when faced with a nonnominal situation for which there is no formal
rule available to guide action (e.g. a breakdown of imaging equipment,
lack of any accessories to position the patient correctly, etc.), professionals
rely on their experience in the profession or in the department to solve
problems. Thus, they construct metarules for action, based upon their
knowledge of the patient in question and of the current stage of the treat-
ment, of the behaviour of colleagues, of the availability of resources, and
of the wish to develop a strong safety culture.

Be that as it may, it can be noted that the rules that are created rely
on the entire set of available resources: existing formal rules and rules
derived from individual or collective experience. These rules can become
stabilized following the repeated occurrence of similar situations.

Technical operation is deficient or the rules
are not adhered to by all workers

Managed safety also steps in when the context that was originally foreseen
for regulated safety is not present. This is the case, notably, for technical
failures (for example, equipment breakdowns) or in the case of cascades
of rule violations. In radiotherapy, running late leads to violations of the
control rules prescribed by the organization: patient files are filled in in
a hurry, and successive controls are performed too quickly, or even not at
all. For example, radiotherapists may decide not to validate the treatments
they prescribe when these treatments match the protocol very closely and
are therefore viewed as ‘simple’, or when there is no time to do so. To gain
some time, a radiotherapist will only validate the treatment during the
first weekly consult with the patient, i.e. 1 week after the beginning of
the treatment. This nonnominal situation leads to a sequence of actions
of recovery on the part of the x-ray operators, seeking to return to a nomi-
nal situation where the rule may be applied. The x-ray operators then try
to contact the doctors to request the validation of their file. If this request
is successful, then safety in action has made it possible to return to a nor-
mal situation. Hence, managed safety steps in to support regulated safety.
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Applying the rule is viewed as counterproductive

However, in this same example, recovery may prove to be impossible
because of the poor availability of doctors. X-ray operators must then per-
form a trade-off between treating and not treating a patient for whom the
medical validation that is required by regulations has not been provided:
to carry out the treatment and violate the procedure or to cancel the ses-
sion and comply with the rule. The strategies of the x-ray operators are
based upon a cost-benefit analysis of whether to violate or comply with
the rule. This may lead them to make a reasoned trade-off and to apply
the rule (and not carry out the treatment) or to violate it (carrying out the
treatment without validation). Risks are present regardless of the decision
made. In the first case, the patient will not receive the daily dose of treat-
ment, and his or her chances of survival may be reduced. In the second
case, going ahead with the session with a nonvalidated patient file leads
to a risk of the treatment not being in accordance with regulations — which
operators view as a less serious risk than the patient failing to receive the
daily dose.

A second example is derived from the field of air transportation
(Dicioccio, 2012). This field is a second reference to ultrasafe systems: all
of the stakeholders involved must comply with an impressive number of
safety rules and procedures. In this hyperprocedural system, particularly
in aircraft maintenance, the adaptations that are made by sharp-end oper-
ators to cope with unforeseen events may lead to a failure to comply with
rules to ‘achieve expected performance’ (Amalberti, 2007). At this point,
managed safety steps in to make a trade-off between making use and not
making use of existing rules, in order to preserve performance with an
acceptable level of safety. When faced with an overabundance of rules and
procedures, the technicians must adapt to the variations related to con-
textual factors and to the related constraints. Because of this, trade-offs
are an expression of a reasoned adaptation of procedures by the workers
(Amalberti, 2007). For example, in the event of identifying a defect in an
aircraft that is set to take off, the technicians assess the severity of the
defect and its possible evolutions, by carrying out a technical analysis of
the defective equipment or associated systems, and of its impact on the
running of the aircraft. Therefore, the risk taken in the trade-off — to allow
or fail to allow the plane to take off — is minimized. The adaptation pro-
duced by the more experienced technicians manifests itself in the form
of strategies of anticipation, supervision and implementation of means to
reassess the situation. In this way, managed safety allows the technicians
not just to decide what degree of transgression of the rules that they deem
acceptable, but also to construct a strategy of action that is acceptable in
terms of safety and performance.
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In these examples, managed safety does not breed lack of safety, but
acceptable risk: high performance is sustained with no adverse impact
on safety.

The construction of safety

Regulated safety and managed safety are therefore constantly inter-
twined within the workers themselves, but also at the level of organi-
zations (reconstruction of rules and supervision by managers). We will
make a distinction between four types of organizational conditions that
foster the construction of safety, where operators and managers develop
shared knowledge regarding issues of safety:

e Processes of ‘integrated” design of rules that link together top-down
and bottom-up processes

e Taking into account the collective aspects of work in organizations
and training programs, allowing each person to know about the
activity of others, and to take this knowledge into account in his or
her own activity

® The dynamics of collective decision-making, which make it possible
to discuss the situations encountered and to construct a common
frame of reference

* A mode of management, which places a premium on understanding
the decisions made by agents rather than on calling them to order,
and on autonomy and responsible behaviour on the part of stake-
holders, all of whom are seeking shared and reasoned trade-offs

The integrated design of rules

The categorization scheme and the examples presented above consider
only the users/adapters/inventors of rules at the sharp end. Yet, system
safety does not rely solely on field workers, as has been shown in the anal-
ysis of various disasters (Chernobyl, Three Mile Island, the explosion of
the BP refinery in Texas City, etc.) One cannot ignore the role played by
the designers of formal rules and by management. These are heavyweight
stakeholders in the construction of safety.

An approach grounded in the integrated design of rules implies that
the rules are not just learned and applied, but also understood by the
workers. This means, on the one hand, that the rules must be grounded in
an analysis of work activity, and on the other hand, that ‘the rationale that
these rules are based on” and their ‘organization into a system that is con-
sistent for action’ are all handed down to the workers they are intended
for (Mayen and Savoyant, 1999, our translation). Hence, designing rules
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in an integrated manner is one condition for the ‘intelligent use” of pro-
cedures that, in particular, allows discrepancies when the rules do not ‘fit
well with the real world” (Dien, 1998). This supposes that the designers of
the rules have access to genuine knowledge of system operation and of
the work that is carried out by operators. In other words, the point of view
of system designers and that of the workers should be compatible, and
the relevance of rules will depend on their ability to take into account
the safety practices developed in the field (de Terssac and Gaillard, 2009;
Dien, 1998).

The work of all in that of every worker

Knowledge of the work of one’s colleagues is a fundamental piece of infor-
mation for decision-making in high-risk situations and, in the end, for
making work practices safer. In the medical field, this aspect is all the more
crucial, as the care of a patient often relies on the coordinated involvement
of multiple specialists. Although the immediate goals of these workers
differ from one another, these specialists must reason on the basis of the
knowledge regarding the actions that are possible for their colleagues,
in order to manage potential interferences between the goals of differ-
ent specialists (Mollo, 2004). For example, in radiotherapy, x-ray operators
take into account the work habits of their colleagues to make decisions
that aim to preserve productivity and safety at the sharp end (Nascimento
and Falzon, 2009). Similarly, still in radiotherapy, medical physicists who
are responsible for preparing a treatment take into account the work that
is done at the sharp end when choosing a technique that will be compli-
cated or hazardous to implement for the x-ray operators (Nascimento and
Falzon, 2012). Similarly, in anesthetic medicine, doctors build intervention
strategies that take into account their own resources (skills, attention load,
instruments, etc.) as well as the resources of their colleagues (skills, exper-
tise and preference of colleagues) and those of the work collective (rules
of the trade, shared practices within a department) (Cuvelier et al., 2012).

An essential issue in the construction of safety is therefore not just to
support existing collective safety practices, but also to develop innovative
means for training, such as simulation-based training for reflective prac-
tices (Cuvelier and Falzon, 2010) or the implementation of spaces to debate
work practices (Mollo and Nascimento, this volume). Collective decision-
making meetings are one step in this direction.

Collective decision-making

One of the tools that is currently being developed to deal with situations
that escape the rules is collective decision-making. The expected goal of this
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kind of decision is to improve the quality and reliability of decisions and
to alleviate variations in practice’. Multidisciplinary consult meetings
implemented in oncology are an example of this (Mollo, 2004). These
meetings bring together experts from various specialties (surgery, oncol-
ogy, radiotherapy, etc.) to propose solutions to situations for which a strict
application of the therapeutic guidelines is either impossible or unsatis-
factory. A study of how these meetings operated allowed us to show that
beyond their primary function of assisting decision-making, they allow
the development of shared rules at the local level, ensuring the sustained
reliability of decision-making.

Discussing each situation also makes it possible to define, for the sit-
uations that escape the rules, the space of acceptable and unacceptable
practices. In so doing, multidisciplinary consult meetings play the part
of a safeguard, in the sense that they manage the situations that escape
rules by ensuring sustainability and the development of reliability in
decisions (Mollo and Falzon, 2008). However, the goal is more to define
the space of acceptable and unacceptable solutions than to strive toward
a single acceptable solution (although this may prove to be necessary in
some situations). Thus, collective decision-making makes it possible to
develop a reliable framework of reference, within which doctors are free
to apply their own expert rules, while being assured of the reliability and
collective acceptability of their decisions. Indeed, during these exchanges,
doctors integrate some new knowledge that they would not have taken
into account if they had reasoned on their own (Mollo, 2004).

Modes of management that are open to an adaptive approach

These are modes of management that place a high priority on under-
standing the decisions of agents rather than on calling them to order, and
that provide some space for the autonomy and responsible behaviour of
agents, who are all involved in the search for reasoned and shared trade-
offs. Following this view, safety not only belongs to managers, but is the
business of every worker. It relies on a balanced connection between top-
down and bottom-up processes, in order to achieve an ‘integrated” safety
culture that relies on the confrontation of points of view and on a debate
between management and operators (Daniellou, 2012).

High-risk organizations are confronted with complex activities, bear-
ing varying events with high economic and safety stakes, related to mul-
tiple trade-off decisions made by workers at the sharp end. This suggests

* We will focus here only on collective situations of decision-making that involve equal sta-
tus of the stakeholders present, or recognition of the interest of each of these stakeholders’
expertise. The decisions dictated by the member or members of the collective with the
highest status will not be considered here.
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that managed safety rests on some kind of tacit agreement within the col-
lective, hidden from the eyes of managers. However, management bears
the heavy load of the trade-offs carried out by its workers to maintain per-
formance and safety. This responsibility cannot be diluted in ignorance.
Workers at the sharp end make trade-offs regarding making or not making
use of the rules. Managers have many ways of dealing with such transgres-
sions. Likening these transgressions to violations by punishing the perpe-
trators cannot ensure the primacy of regulated safety, and would make
these transgressions clandestine (for fear of subsequent punishment).
Pretending to ignore the truth would lead to a loss of visibility on the
expressions of managed safety, in such a way that the margins of managed
safety diminish over time. Yet, not doing anything or doing everything to
avoid any problems is indeed a reality that has been observed in the past
in both individuals and organizations alike (Gilbert, 2005).

However, there are other ways to manage safety and its develop-
ment. For example, in a study carried out in the ultrasafe field of aircraft
maintenance (Dicioccio, 2012), management bears a shared and consistent
judgement on the true state of managed safety. For these managers, to
interrupt and to resume the running of an aircraft with a minor defect are
both acceptable decisions. In this particular case, the deciding factor is not
the adherence to a rule, but rather the understanding of the (operational,
technical and human) environment that has led to making the decision.
This fact is a trace of the existence of a reasoned, shared culture of trade-
offs. What the management says and does follows the same route as what
is recommended to the sharp-end operators. Management not only has to
ensure compliance with rules, but also must take part in the articulation
between regulated safety and managed safety (Daniellou et al., 2010). In
this sense, managers, by working on the articulation between these two
forms of safety by the workers, foster a culture of reasoned arbitrage.

In these high-risk systems, accepting and acknowledging the exis-
tence of safety trade-offs in production, by giving back some autonomy
to the workers (Amalberti, 2007), is one path toward ultrasafety. However,
an attitude of openness and professional respect in relation to the trade-
offs made by others finds its true meaning only as far as these workers
remain within a safe space of operation. Sustained performance is not
achieved at the expense of safety. Performance must be reasoned, when
it is connected with safety. This implies that the trade-offs in favour of
safety and performance should be the focus of experience feedback. Such
feedback should be shared by all workers, including supervisors.

The question then becomes how to support such feedback on expe-
rience. Mollo and Nascimento (this volume) propose several methods
to achieve this. In particular, a method for the confrontation of prac-
tices, termed differential judgement of acceptability of discrepancies
(Nascimento, 2009; Mollo and Nascimento, this volume), can provide a
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framework to define the contours of a space of acceptable practices to
replace the ‘rigid line to be followed' The exchanges between workers
implementing this method would likely help construct a shared frame-
work of reference, by tracing together the path for the expression of man-
aged safety.
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How can ergonomics take part in designing courses of work that support
the health of individuals and performance of companies? This question,
in fact, leads us to define what is meant by the term course. Two main
views can be distinguished. The first is related to employment, and likens
the course of work to a career path and a profession, to the succession of
positions or professional duties of a worker. The second is an individual
and biographical view, where working hours are inserted, more broadly,
into the course of life. The first view emphasizes the social and collective
aspects of the course of work; the second emphasizes its individual and
subjective aspects. The present chapter proposes a third view, whose goal
is to join the first two together, based on an examination of courses of
work from the point of view of activity, which is subjected to a process
of ageing, viewed as an increase in the time experienced.

This view considers courses of work as being part of an individual
and collective history — specifically, as occurring within multiple tem-
poralities that combine the macro, meso and micro levels: temporal-
ity of public policy in matters of work and employment, which is more
or less present depending on the country; temporality of management,
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which organizes the frameworks in which work is done; temporality of
collectives that bear a specific view of their profession and its rules; and
temporality of individuals themselves, who are engaged in the course of
their own life. Therefore, advocating a constructive view of work based on
‘courses of work” implies having a systemic view —a view integrating indi-
vidual and collective aspects — following both a synchronic view focused
on the ‘here and now’ and a diachronic view focused on evolutions. Here,
‘understanding work to transform it” aims, precisely, to develop some ref-
erence points for the construction of courses of work. This involves car-
rying out analyses that place work activity at a crossroads between these
multiple temporalities.

This temporal view leads us to analyze the activity deployed in work
not only as a mobilization of the individual toward present action, but
also as being part of the worker’s course of life. When it is analyzed fol-
lowing a developmental perspective, activity reveals ‘where the worker is
standing’, and the path that was travelled on. It also contains the future
orientations of development. In this sense, activity possesses a historical
dimension and is potentially open to the future. In ergonomics, this devel-
opmental view of activity takes its place in a body of research focusing on
the relationship between ageing and work, where the course of work is
seen as an increase in the time experienced (Molinié et al., 2012).

Several consequences can be derived from this definition. The indi-
vidual temporality contains a biological temporality, directed toward
decline, and a subjective, psychological one — the temporality of life events
and of the interpretation of these events. These two dimensions do not
live separate lives but intertwine together, setting themselves, through
successive reconstructions, as resources or constraints for one another.
Hence, this biographical course of life relates to a continuous process of
transformation. The development of individuals takes place throughout
the course of life, including during adult life, and therefore during work-
ing life. This process is multidirectional, in the sense that the direction of
possible change is subject to great diversity.

Hence, the course of work reveals a constant reconstitution between
processes of decline and growth. Processes of decline manifest themselves
through the difficulties of the individual in adapting to his or her work
environment and the changes that occur therein. They are the product of
current working conditions, and of past conditions that may speed them
up. The process of growth, in turn, refers to an increase in knowledge
regarding the work environment. Following this view, the processes of
decline and growth are closely interconnected. Experience is a product of
this constant reconstitution. It is a process of construction that combines
an accumulation of knowledge and know-how regarding the work envi-
ronment, but also regarding one’s own resources and constraints, i.e. how
one can ‘make use of oneself” in work.
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This experience is set within the activity. It gives meaning to this activ-
ity, with regard to the course of work, and also guides it. Furthermore, the
activity mobilized in work constructs this experience. Activity is medi-
ated by skills (Teiger et al., 1998), which we will view here as means to
regulate action between three temporalities: a managerial one, that is,
sociotechnical in nature, and that refers to the goals and means of the
company, as implemented through the organization of work; a collec-
tive one, which refers to work collectives, to peers and to the hierarchy,
and that can therefore draw on several sources; and an individual tem-
porality, as defined above, which is composed of biological, psychologi-
cal and subjective dimensions. Therefore, courses of work are located at a
crossroads between several individual and collective temporalities. And
human activity, which takes its place within the course of work, relates
to a process of regulation between these various micro, meso and macro
temporalities (Gaudart, 2014).

Based on this, three major questions emerge: How can managerial
and collective time frames pose themselves as resources or as constraints
for these time frames? How can processes of decline and growth trans-
form activity? Conversely, how can activity, in return, exert an influence
on these multiple time frames? With this last question, we will arrive at
the means for a constructive approach of work.

Managerial time frames yield a vision of the course
of work as a process of decline

Whereas individual temporalities develop themselves within a combina-
tion, which is constantly renewed over time, between decline and experi-
ence, managerial time frames — those that design, organize and assess
work — often have another vision of these time frames. This increase in
the time experienced by workers is mostly associated with processes of
decline rather than experience. This has direct consequences on the orga-
nization of courses of work, as workers draw close to the end of active life.
This view of work as a decline is based on three different ingredients that
combine with one another: social stereotypes that are present in society
as a whole and are more or less fuelled by public policies at the national
level, transformations of work that leave little space for the diversity of
workers, and a view of skills as being based on prescribed work rather
than on activity as it is done in the real world. This managerial view leads
to mismatches between time frames (Alter, 2003). Managerial time frames
and individual time frames do not develop following the same logic, and
these conflicts may lead to declines in health over the course of life.

The first ingredient deals with negative social stereotypes related to
ageing. One should point out that —in Western societies — these stereotypes
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remain quite stable over time. They even remain independent of the
broader economic and social context. This has been tracked by several
international inquiries carried out since the 1950s (Burnay, 2004). In spite
of their dependability and professionalism, elder workers are suspected
of being less able to adapt to change and perform well. These stereotypes
are a feature shared between so-called industrialized countries (Rosen
and Jerdee, 1997; Walker and Taylor, 1992). In countries such as France, the
massive implementation of early retirement schemes has even led to mov-
ing forward the age at which one is viewed as being old, and therefore
ill-suited to work. One becomes old not when one reaches the age set for
departure, but a few years before (Guillemard, 1993). In concrete terms,
this leads to a failure to invest in training for career development in the
latter part of professional life.

This policy, which consisted in viewing the elder worker categories
as a flexible variable — in particular to decrease the size of the workforce —
has supported organizational and technological changes since as early as
the 1990s. The quest for improved productivity, based notably on increas-
ing flexibility, was pursued all the more easily when the population
of workers involved in these transformations corresponded to the ‘average
worker’ — neither too old nor too young, and in a reasonably good state of
health (Gaudart, 2010). Problems occurred when the baby boom genera-
tion introduced a massive increase in the age structures of companies and
the age of retirement increased, while the negative stereotypes related to
age remained.

In addition to this social and demographic context, one must also con-
sider the managerial practices that organize the management of human
resources according to a skill-based logic, to increase flexibility in the
workforce. This form of management of human resources and courses
of work is accompanied by transformations of the work organization
that are based on increasing the flexibility of production tools in order to
increase productivity. In other words, increasing the flexibility of work
tools implies increasing the flexibility in the workforce. Following this
position, the workforce is viewed as a flexible variable that may be adjusted
in terms of both size and skill. This logic of skill-based management is
praiseworthy from the point of view of its initial project for development.
However, when it is subjected to a strong economic rationale, it tends to
confuse acquired skills with required skills, and to follow a short-term
view. Furthermore, it tends to reduce skills to technical knowledge and
know-how, setting aside the tricks of the trade and the processes of indi-
vidual and collective regulation that make it possible to ‘get the job done’,
in terms of both quantity and quality (Pueyo, 2012). This twofold confu-
sion is not without consequence. On the one hand, the issue of developing
experience over time remains invisible. On the other hand, this logic of
required skills tends to ‘reset the system’ after every organizational or
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technological change. Considering this situation at the individual level,
and also considering the fact that the ageing process leads to an increased
need to combine decline and experience, this twofold confusion may lead
to adverse impacts on health.

Let us take an example that illustrates these temporal mismatches
between the managerial temporality and the individual one, and their
consequences. This example is derived from some research work that
reviewed 20 years of organizational changes within a company in the
automotive sector (Gaudart, 2000a; Gaudart and Chassaing, 2012). During
the 1990s, this company developed two types of management tools in
order to improve its productivity: making each worker accountable for the
quality of work, and developing job rotation as a dominant model for the
course of work. One of the main difficulties encountered by this company
lies in the fact that its age structure is gradually ageing — more specifi-
cally, it tends to aggregate toward intermediary ages — and that workers
encounter difficulties with respect to versatility as early as 40 years of age.
Indeed, beyond this age, more than 50 per cent of workers occupy only
one position in the company. In other words, difficulties in coping with
working conditions appear as early as 40 years of age, and these difficul-
ties are first diagnosed by the management as being related to age: prob-
lems in adaptation and learning. Analyzing the activity of these ‘elderly”
operators reveals that the reality of the situation is more complex. They
develop operative strategies that allow them to preserve themselves from
time-related and physical constraints. This experience does, indeed, take
into account, in a combined fashion, the processes of decline and experi-
ence in the professional environment. However, these strategies remain
dependent on workstation design and on the variability of the prescribed
setup. Therefore, versatility may call into question the construction of such
strategies. Increasing the accountability of workers with respect to quality
leads to a fear of error, and to elder operators making trade-offs in favour
of this criterion, rather than in favour of strategies for self-preservation.
Professional prospects, for both young and elder workers, are set when
leaving the production line: to the top for younger workers, who aim, for
example, for a management-level job; and to the bottom for elder workers,
through the recognition of an occupational incapacity.

Ten years later, this same company has gone on to set up a new man-
agement policy that emphasizes the importance of quality in productivity
through the standardization of gestures and the implementation of tools
to ensure that they are adhered to. The room for manoeuvre of elder work-
ers is further reduced. The extension of productivity (kaizen) workshops
then caps off an already well-established policy of rationalization. The
production lines have improved in performance, but the positions have
become increasingly selective. An increasing proportion of the popula-
tion of production workers is confronted with medical incapacities. This
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further complicates the organization of ‘courses of work”. These courses
are organized by default, i.e. based on what positions are compatible with
the medical incapacities.

This example illustrates some typical mismatches between the mana-
gerial and individual temporalities. One can clearly see here that stages
of change are critical times where the combination of these temporali-
ties is played out, over and over again. The results of this process set the
foundations for courses of work that are yet to come. When they are not
overcome, mismatches between temporalities lead to declines in health
that obliterate the course of development. They emphasize the importance
of the processes of decline, and may even accelerate them.

The temporalities of collectives
play the part of an interface

Work collectives are the bearers of a history, rules and values of the trade,
which are transmitted from generation to generation — and more broadly
from elder to younger workers. In that sense, these collectives have a nor-
mative power, which regulates work toward immediate action, but also in
terms of the course of work within the collective. Therefore, their position
is that of an interface or ‘double address’ (Clot, 2009): they may resist in the
face of managerial time frames, whose views are dissonant with the val-
ues and rules supported by the collective; they are also positioned toward
the individual time frames that make them up, and may play the part
of resources or constraints with respect to these individual time frames.
From the point of view of age (Cau-Bareille, 2012), they might thus define
the rules for integrating new workers in the processes of reception and
learning, and transform these rules based on the diversity of individual
time frames that compose them. Several works in ergonomics research
(Marquié et al., 1998) thus suggest that in collectives composed of workers
of various ages, bartering may occur to exchange arduous work condi-
tions with experience of the trade. Thus, the collective time frames occupy
a position that was deserted by managerial time frames, when these time
frames adopted a view of ageing as an increase in ‘time lived through’.

As regards this role of double address, managerial temporalities and
individual temporalities put the normative power of collective temporali-
ties to the test, with respect to their ability for resistance and transforma-
tion. Caroly (2012), when carrying out a research project on the emergence
of occupational incapacities of post office workers, showed how work col-
lectives may pass or fail this test. Collective work is a key element in a work
collective that supports the individuals that form it. We will continue here
to view the problem through the lens of the relationship between age and
work to examine in greater detail the various roles played by collective
temporalities in their position as an interface.
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The lack of a collective

Collective temporalities may find themselves unbalanced by managerial
temporalities. The lack of a collective highlights its potential role as a buf-
fer. When this collective is absent or disrupted, managerial temporalities
are in direct contact with individual temporalities. At this point, one can
find adverse effects on health, which have already been discussed earlier
(Caroly and Barcellini, this volume). Caroly (2012) analyzed how, in one of
the post offices studied in her work, the lack of a work collective and of any
collective work led to an increase in turnover and restrictions of aptitude.

Organizational and technological changes thus remain stages of
increased fragility for individuals and collectives. In a public institution
in charge of distributing family credit and social benefits, a change in
the software used to process files led to conflicts of values in technicians,
specifically regarding what constitutes ‘quality work” (Gaudart, 2000b).
The management anticipates possible difficulties of learning in these age-
ing technicians, whose professional experience was built based on a dif-
ferent tool. Thus, it reduces their skills to technical skills only, believing
that their problems can be solved with adequate training. However, the
old software program plays a much more important part than being a
simple technical tool. Its design mediates the collective rules of the trade,
which are based upon an idea of what constitutes public service. The new
piece of software, which was designed following a managerial rationale of
counting technical actions, stops this quality work from being performed
in the activity of workers. The problem is not so much one of training
than it is one of design. Faced with a rationalizing design that individu-
alizes work, the collective becomes disrupted. Many technicians tend to
stand back and remain in the background by yielding to prescribed work.
Several months after the implementation of this new software program,
new forms of collective work reappeared. However, this ordeal also left
many workers ‘on the side of the road” and estranged from the collective.

An organization that ‘manages human resources’

Collective temporalities may also exhibit a strong ability for resistance,
going so far as to stand in for the functions of human resources. In the
1990s, the sector of steel manufacturing in France underwent a radical
change in the organization of its courses of work. It is one of the earli-
est sectors to have implemented a skill-based logic as a part of joint
agreements. These agreements aimed to manage the major transforma-
tions that the sector had gone through, in technological, economic and
demographic terms. This was achieved by redirecting training programs
toward its specific needs, and by offering workers beneficial career devel-
opment schemes. The issue of age is central in these agreements. The fact



118 Corinne Gaudart and Elise Ledoux

that the sector has had to cope with a considerable increase in the duration
of professional life implies that these agreements should offer means for
the development of skills right up to the age of retirement, and not resort
to sidelining workers.

The ways in which these agreements should be implemented is left at
the discretion of the production sites. In one of the sites involved (Gaudart,
2003), the steel manufacturing unit decided to merge two departments,
one involving the operators of travelling cranes, and the other involving
workers in charge of ladle maintenance. The idea was to propose a devel-
opment of job rotation between these two trades, as a solution for develop-
ing career paths. This did not work. Because the operators were all elderly
— the youngest was 40 years old — this result was attributed by top-level
management to a lack of motivation and to problems in learning on the
part of the workers. Activity analysis revealed, on the one hand, differ-
ences in the collective temporalities between these two trades, and on the
other hand, the mismatches of these two temporalities with respect to
the managerial time frame.

Let us first examine the case of travelling crane operators. The time
frame defines rules for progressing in the course of work, following two
scenarios, both of which foster single-purpose work. The first scenario is
organized based on a view of age as a process of decline. Ageing in crane
operators is accompanied by an increase in osteoarticular disorders. Ina con-
text of high temporal constraints, notably because of the managerial wish to
increase flexibility in the production system, some operators, after having
occupied many different positions, settle on one crane that suits them best,
i.e. a crane that they can truly control in the face of production constraints,
and that allows them to protect themselves. The second scenario highlights
the function of experience increasing with age. Single-purpose work tends
to focus on the stations that are said to be the most difficult to hold, those
combining a diversity of tasks with strong time constraints. The opera-
tors who work there are those whose expertise in the use of a crane allows
them to ensure reliability. In fact, this expertise implies transgressions of
safety rules, supported by the work collective and by middle management.
Because of this, the expertise successfully resists the requirements of the
managerial time frame. Furthermore, the organization based on single-
purpose work is related to a history of the trade over several generations,
dating back to the times where new operators rotated, i.e. were versatile,
until they ‘found their place’, i.e. their own crane. This single-purposeness
was, then, viewed as a sign of expertise by the collective.

The preservation of each worker

A homogeneous composition of the members of a collective, in terms of
both age and course of work — we will call these workers elderly — may
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foster the development of a collective emphasizing a function of preserva-
tion. This function takes its full importance when past and current work-
ing conditions are particularly tough. The second collective temporality,
concerning ladlers, has these features. In the face of physically strenuous
tasks — both those of the past, which have had effects on their health, and
those of the present, which involve intense physical effort in a difficult
thermal environment — ladlers share the work between themselves fol-
lowing two regulatory processes. Two teams of two operators are formed,
each team carrying out in turn the maintenance of a ladle while the other
team rests. Within a single team, the shared experience allows workers
to perform well-managed cooperative work, reducing the physical stren-
uousness of work. As we have pointed out, this type of organization is
viable only on the condition that there exists a collective that is both stable
and homogeneous. This collective is put to the test by the development
of versatility between trades, in the sense that this new organization of
work has led to the introduction of ‘new” workers, who are not familiar
with this shared history. Is this kind of collective, which is geared toward
taking into account the processes of decline, truly desirable? In a short-
term vision, it demonstrates a great degree of usefulness, since it makes
it possible to avoid more serious damage to health. However, this stable,
homogeneous collective, which is a product of earlier policies of age man-
agement, can also be seen as a collective that is ‘locked onto itself” and
whose function is not to promote health, but to preserve it.

In the examples we have quoted above, the managerial temporalities
do not play against the individual time frames. However, they still carry
a heritage that is loaded with more macro time frames, with models for
the management of work and human resources — in ergonomics, we talk
about a model of man at work — that are poorly sensitive to the determi-
nants and to the meaning of activity. Age, in the sense that the issues of
experience and decline take centre stage, highlights the mismatches that
situations like this can lead to. Because of this, age can also turn out to
reveal the means of action that should be implemented. Here, collective
time frames play the essential role of acting as an interface between the
managerial and individual time frames. They also play an important part
in the transformative dynamics that are a focus of our interest.

Supporting and accompanying the design
of developmental situations

Let us return to the initial question: how can ergonomics take part in the
design of courses of work that support both the health of individuals and
the performance of companies? Following a constructive approach to
work, the actions that ergonomics can propose in terms of courses of work
cannot take the form of specifications that might describe the ideal course.
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The goal is, instead, to provide resources to the various temporalities
involved in order to alleviate mismatches. The developmental approach
of individual temporalities that we advocate here is an approach that
ensures continuity in work between the temporal categories of the past,
present and future. In other words, following a constructive ergonomics
approach, an activity that makes it possible to develop oneself is the activ-
ity that allows, in the present time of activity, drawing experience from
the past while opening up a space of possible futures (Gaudart, 2014). The
question then becomes: what are the tools that are capable of supporting
this developmental view?

Providing memory to management

Managerial temporalities are also collective trade-based time frames that
are subject to the consequences of policies to increase the flexibility of
work. Such policies promote a short-term vision that has led to memory
loss. The increased mobility of top management is undoubtedly one of the
chief causes of this phenomenon, with an injunction for immediate per-
formance. How can the managerial time frame support a developmental
view of courses of work, when it is itself stuck in the present time?
Ergonomics can support this ‘work of remembrance’. In the long term,
the practitioner in ergonomics takes on a job that is close to that of a histo-
rian, in order to put back in context the major managerial actions of the
company. In the short term, another essential role of ergonomics is to con-
tribute to increasing the visibility of the managerial mindset that led to
the emergence of the problem for which the services of the ergonomist are
required. The pressure, introduced by a managerial mindset, for immediate
returns on investment, often leads to ‘losing the story” — or at the very least,
losing track of the meaning behind actions. In a petrochemical company
that exploited gas reserves (Gaudart et al., 2012), a reduction in resources
naturally led to reducing the workforce by selecting not to replace work-
ers following their retirement. This decision was not related to financial
constraints. It seemed to be a logical decision, which had its own rationale.
However, the difficulties that this decision led to later on, regarding how
everyday work was carried out, and regarding the risks incurred, led man-
agement to call upon the services of ergonomists. Furthermore, the mana-
gerial and collective temporalities clashed strongly with one another on
this occasion, leading to a walkout. Reconstructing the decision processes
that had been involved turned out to foster some crucial dynamics. This
reconstruction took place, following a report by the ergonomists of previ-
ous managerial decisions, when the director turned to his team and asked:
‘By the way, why did we decide to cut down the workforce in the first place?’
The reconstruction of managerial memory can also take place
through the construction of tools that make it possible, on the one hand,
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to analyze the work as it is undergoing evolutions, and on the other hand,
to connect the knowledge of human resources with the knowledge of
production. Reflections about courses of work — as we have defined them
above — cannot take place without connecting these pieces of knowledge
together. Yet, they are dispersed within various functions of the company
— human resources, occupational medicine and production. Work demo-
graphics (Molinié and Volkoff, 1998), in the sense that they combine data
related to age, seniority and features of work-related evolution, are a fun-
damental tool to plan the relationships between work and health, and to
understand the selective effects of work. They are also a tool to plan the
future, since they allow the use of projections as intermediaries.

Transmission as a process aiming to requlate
mismatches between temporalities

The point above aims to ensure that the past becomes present, and that
the managerial temporality is given a form of situated memory, to open
up a debate about the meaning of actions carried out in the past. This
implies that a developmental approach to courses of work, whose goal
would be to support past experience in the present time of activity, should
remain a key stage to plan the future of those courses.

Transmission — which we will define here as a process of mutual
sharing of trade-related knowledge and know-how between new and
elder workers — is a second potential means to open up courses of work
to the future. Development also means being able to turn constraints
into resources. In this sense, the baby boom generation, which is often
presented as a negative influence on organizational performance, might
instead be viewed as an opportunity for the design of courses of work.
Ageing in this generation, as it is currently happening, has made it pos-
sible to consider the diversity of ages at work that it has produced, to plan
courses of work in a different way, that is, to replace retiring employees
with newer employees, whether these new employees are young or not,
but also to deal with the issue of the extended duration of professional
life. Therefore, this diversity in the age structure can become a resource,
provided there is some form of support on the part of the managerial tem-
porality to ensure a link between past, present and future.

Following this view, the work collective plays a fundamental part in
this process. In a gerontology ward in a hospital (Gaudart and Thébault,
2012), the arrival of a new nursing auxiliary in training led to a dynamic
exchange of views regarding the rules of the trade — here, specifically,
about how to deal with an elderly patient. This went far beyond the
integration of the newcomer, which typically occurs in the form of two-
person teams that include a new and a senior worker. The work collective,
that had been renewed following the departure of several senior nurses
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and major organizational changes, took hold of this training opportunity
to ‘come to an agreement’. The integration of this novice was no longer
the business of a single two-person team, but of the collective as a whole:
the collective loosened up its time constraints to provide some additional
quality training time, and provided its members with the possibility of
joining the pair of workers. The involvement of a nursing auxiliary, newly
arrived in the department, whose own work history has exposed her to
an extensive experience of caring for elder patients, sparked off a debate
regarding the connection between the technical aspect of work — cure —
and the psychological aspect — care. From then on, the situation of welcom-
ing a student became a special time for discussing the past experiences
of each auxiliary, the conditions of transmission, and to design the rules of
the trade to plan out courses of work for every auxiliary in the ward. In a
sense, transmission became a developmental task.

This role of the collective becomes all the more crucial when employ-
ment is affected by low job security, as is the case in the cinema industry,
which primarily employs freelancers. A study carried out in a popula-
tion of cinema technicians showed that the lack of job security affected
the transmission of knowledge in various ways (Cloutier et al.,, 2012).
Considering the fact that most knowledge is acquired on the job, the
requirements of the industry concerning novice workers are paradoxical.
The expert workers who were met agreed together that progressing in the
industry is a long process, comprising many stages, that trade knowledge
is acquired through a confrontation with various situations and through
repetition, and that the process requires a lot of time. However, the way in
which the cinema industry is organized, including the lack of job security
and fierce competition that characterize the trade, forces novices to “prove
their worth’ very quickly. A novice’s ‘performance’ is often assessed based
on only one day or even only a few hours” work. Indeed, although the
educational, social and professional history of the worker does play a part
in the integration, the strongest factor of integration is subscribing to the
culture of the trade. This relates strongly to respect for the hierarchy and
for the rules of the trade, such as mutual aid and adaptation to modes of
communication. The more the novice worker adopts behaviour that is true
to the culture of the trade, the faster he or she is taken in by the work col-
lective. It is access to this collective that will then open up opportunities
for learning through transmission. The transmission of this ‘culture of
the trade” becomes a key, both to accessing means to learn the trade and
to being hired in future productions. However, this lack of job security
can also become a major obstacle for transmission on other levels, since
the various protagonists involved tend to have to compete against one
another when looking for employment in other productions.

Placing the issue of the links between past, present and future at the
heart of a developmental approach of courses of work leads us to revisit
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the functions of activity and activity analysis. Activity contains, in itself,
a potential for development, in the sense that it takes place within a field
of experience and a horizon of expectations (Koselleck, 1990). Activity,
in the present time, makes use of the past and opens up a space of pos-
sible futures. One of the functions of activity, then, lies in its ability to
create time — a time for oneself (Sivadon and Fernandez-Zoila, 1983). In
the course of work, this individual temporality connects and confronts
itself with other ones, bearing other different rules for the production
of time — the rules of management, the rules of the collective and other,
more macrosocial rules. This connection materializes in the activity,
defined here as a process of regulation between these multiple temporali-
ties. Following this view, a constructive approach to work, such as can be
borne by ergonomics, would be an approach seeking to transform unfa-
vourable situations — where these temporalities do not connect well with
one another — in sustainable alliances, turning a dyschronous environ-
ment into an enabling environment. This environment then has two inter-
related functions: to allow the activity to circulate between past, present
and future, and to support the creation of a sustainable alliance that is
constantly transformed over time from the influence of the changes that
occur in each of the temporalities. This constructive ergonomics, then, is
one that views activity analysis following a systemic view, carried outin a
diachronous and synchronous fashion, and whose scope of action lies in
connecting these various temporalities together.
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The environment and the individual do not constitute separate entities,
isolated from — and forced to coexist with — one another. Instead, they
are two elements that evolve jointly in a search for balance. These general
considerations about the human condition apply to the world of work.
The elements of the work environment are major determinants of the
activity of the individuals involved. They are also targets, in the sense
that the environment is an object of transformation for the individual.
Within these determinants, organizations have, over the past few years,
been the subject of much attention on the part of ergonomists, since it
remains a source of influence and a major target for the activity. Because
of this, organizations have become an object of study and transformation
for ergonomists. To specify, this text will argue that ergonomic action
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can be viewed, on the one hand, as a transformation of the organization,
and on the other hand, as an opportunity to influence the development
of individuals.

In more concrete terms, in this chapter we will describe the course of
an ergonomic intervention, its results and the reflections it led to. Over
the course of this intervention, which was centred around an organi-
zational change, we had the opportunity to set up an ‘experimentation’
that allowed us to solve the actual problems of work and to construct the
forms of collaboration that were necessary to solving these problems.
This allowed us to identify some essential features in order to structure a
system for the ergonomic intervention. We organized this system around
moments where it was possible to define the rules of operation of work,
and moments where more space was left for the development of individ-
ual and collective experience. This last point allows us to liken our method
to an ‘intrinsic approach” (Rabardel and Béguin, 2005) — an approach that
is consistent with the personal points of view of the persons that make up
the situation, that is, the workers themselves. This element seems crucial
to us, since it allows individuals undergoing a process of organizational
transition that is synonymous with cognitive and social disruptions to
construct their own spaces for learning. By working on finding solutions
to everyday difficulties related to their work, and attempting to construct
a system that is as effective as possible for dealing with these problems,
workers construct new representations of their current and future work.
This allows us to open up two paths for reflection:

® On the one hand, the running of the organization must be part of a
developmental process, by allowing a joint evolution of the organi-
zational structure and of human activities.

® On the other hand, an ergonomic intervention in organizational
design may take place as part of this process.

The organization of development?

The production of quality work is a major issue for any working individ-
ual. However, in order to produce quality work, workers must be capable
of action (Rabardel and Pastré, 2005) — that is, of adapting their modes of
operation to every situation. This requires that the workers’ environment,
especially the organizational environment, their skills, and their state —
from the physical, cognitive and psychical points of view — allow them
to do so. When the operator is forced to only apply the strict prescription,
whereas the situation suggests the need to innovate in order to deal with
particularities, the consequences are twofold. On the one hand, the work
may not achieve its intended results, and on the other hand, the worker
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may be prevented from exploring new skills, which will restrict his or her
cognitive development, leading to a potential deterioration of his or her
psychical state (Clot, 2008; Davezies, 2008).

In order to develop, the skills of the workers must also be open for dis-
cussion and confrontation, since the experience lived by each individual
takes on its full value if it acquires a collective dimension; the sharing of
experience opens up prospects for the development of skills in other indi-
viduals. To achieve this, it is crucial that the complexity of work should
not be denied at all levels in the organization, in the form of organiza-
tional silence (Morrison and Milliken, 2000). On the contrary, this com-
plexity should be open to discussion, and also for use in order to adapt
the organization. In other words, the concrete difficulties encountered
by the workers should potentially be an object of debate with colleagues
and with the hierarchy. By allowing workers to entertain debates about
their work, one can foster the empowerment that is essential to the devel-
opment of individuals and of the organization.

In order to address the organization, the theory of organizational
regulation, derived from work carried out in organizational sociology
(Reynaud, 2003; de Terssac, 1998), constitutes an appropriate starting point
for our argument. This sociological approach to organizations leads us
to view the organization as a living system with two faces: on the one
hand, the organizational structure, which is composed of procedures,
tasks, goals and organization charts, and on the other hand, human activi-
ties. From there, running the organization involves maintaining a balance,
allowing human activities and the organizational structure to evolve
jointly. This approach to organizations proves to be essential to the work
of ergonomists. It allows an understanding of the level of negotiation that
is required between the activity of workers and the organizational struc-
ture in order to achieve work goals. Furthermore, from a point of view of
health and efficiency of production, this approach to the running of an
organization allows us to define the operational leeway that is necessary to
operators (Coutarel, 2004; Hasle and Jensen, 2006; Vézina, 2010). Therefore,
designing a reliable organizational system requires taking into account
the fact that the job of the agents of the system consists of producing the
organization. Following this view, one cannot consider organizational
change as the adaptation of individuals and collectives to a new structure
(Caroly, 2010). Organizational change relates to a joint adaptation of the
structure and of human activities, both individual and collective (Béguin,
this volume). This joint adaptation in favour of organizational change can
only be achieved — and can only be efficient — if it allows a development
of the activity of individuals and collectives, through the acquisition of
new knowledge and skills in the future structure. In other words, orga-
nizational change must be viewed by the workers as a resource that can
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allow them to take part in the construction of local responses to their spe-
cific problems.

The challenge for ergonomic action is here. How can one give struc-
ture to plasticity in the organization in order to take charge of contingen-
cies, and to allow operators to take part in the constant redefinition of the
organizational structure in a developmental perspective?

The substance for the remainder of the discussion will come from
data derived from an ergonomic intervention. Although the results dis-
cussed in this chapter are based on about 10 different interventions, we
will focus on only one of those for the purpose of clarity.

Organizational change in a health insurance firm

The context

The intervention took place in a health insurance firm, numbering
approximately 3000 employees deployed all over the French territory,
within about a hundred departmental branches. The main activity of
this firm consists of dealing with the management and reimbursement of
healthcare fees. The demand for the ergonomic intervention came from
the head office, which required support for an organizational project that
was already underway. The main goal of the project was to ‘improve the
quality of service’, by rationalizing production through a strict separation
between back office and front office activities. To achieve this, process-
ing centres had been created to manage the massive numbers of files to
be processed. When the demand was formulated, the processing centres
were already implemented, as illustrated in Figure 9.1. However, the over-
all running of production did not satisfy management (low productivity
and loss of quality).

Before After

Processing
centre
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Figure 9.1 Overall organization, before and after the change.
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Analysis of work

In a first stage, we carried out analyses of work in two departmental
branches. We quickly realized how much the implementation of the
processing centres had had negative consequences on the running of
individual branches. Indeed, files that could not be processed in the pro-
cessing centres were returned, and monopolized a considerable amount
of work time of the departmental agents. Because of this, the work of the
ergonomist focused more specifically on the processing of these rejected,
and often more complex, files. The difficulties related to the settling of
health expense sheets had been underestimated. Indeed, no two claim
sheets are exactly alike. They are subject to some variability, which can-
not be easily quantified. Yet, it seemed to us that the hypothesis ‘settling
a file means inputting the claims forms and authorizing payment’ was at
the source of part of the organizational choices. In fact, a large number of
files were ‘rejected’ by the processing centre and sent back to the depart-
mental branches because the former were locked in an ‘organizational
impossibility” regarding the management of this variability.
Furthermore, ‘settling” often means following a ‘story’, or even a
‘saga’. Yet, in the organizational configuration in which we carried out
these analyses, ‘following a story” seemed to be a more difficult thing to
implement. Indeed, although the earlier organization allowed the group
to follow those of its subscribers who encountered the most problems,
following this history proved to be much more difficult after the imple-
mentation of the processing centres (different contacts with the same
subscriber, difficulties for each subscriber to maintain contact with a
single contact in the group): one often has to ‘start again from scratch’.
Workers had little access to computer support for tracing the history of
a subscriber, and paper records were the only true witness of the whole
story: there was less information in the computers than in archive boxes.
These are the reasons why the processing centres caused a loss of trace-
ability regarding subscriber files. In fact, the people who had the infor-
mation were not the people who were called upon when one wanted to
use it. Finally, in this context, standard files were processed more quickly
by the processing centres, but more complex files (concerning subscrib-
ers with more difficulties) were processed in a longer time frame. As a
consequence, according to the workers and branch chiefs, the processing
centres did not provide the expected assistance in terms of “production
support’. The consequences of this were an increase in the error rate, the
processing times and the number of complaints regarding quality of ser-
vice. The complaints and absences of employees, on the other hand, were
rooted in part in the gradual degradation of the quality of their work.
In fact, everything happened as if aiming to improve the quality of ser-
vice offered to subscribers following criteria of productivity had caused
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new forms of degradation of that quality. The organizational structure
seemed, in a number of cases, to go against the possibilities for regulation
to cope with malfunctions, altering the quality of service provided to the
subscriber. This organization seemed to have ‘forgotten the subscriber’.

This opened up a reflection about the contents of our intervention,
with and for national and local managers. From there, we agreed that
improving the performance of the processing centres implied allowing
them to process the variability of claims forms and requests, by restor-
ing interactions between them and the departmental branches, in order
to place the concept of the history of a subscriber and file at the heart of
the activity. At this point, we also highlighted the fact that front office and
back office workers had unofficially compensated for some weaknesses of
the organizational structure with local adjustments. Yet, what seemed cru-
cial to us was that these initiatives were extremely precarious, in the sense
that they led to very informal agreements between structures — agree-
ments that were then subject to power games (departmental branches
gave orders to the processing centre, which was ‘billed’ as a service
provider). In this context, the organizational prospects regarding both the
processing centres and the departmental branches needed to be decided
based on choices that had not yet been explored. This exploration could
rely on improving the autonomy of the processing centre and increasing
the contacts between the department branches and the processing centre,
in order to facilitate the processing of files.

Elaboration of a system

This is why we elected to set up a local work group in order to solve
the malfunctions. Based on exchanges with a wide range of stakehold-
ers (agents and managers from the departmental branches and from the
centre), we quickly arrived at the idea of simulating specific forms of orga-
nization in order to optimize the processing modes of these files. Finally,
after having addressed specific choices, we submitted at the national level
the possibility of experimenting with these choices in real time. This
allowed us to solve very concrete malfunctions by suggesting solutions
that were simple to implement. We first worked with 3 departmental
branches and 1 processing centre, then gradually with about 20 depart-
mental branches. This work lasted for 18 months and allowed us to exper-
iment in real time with solutions to the various malfunctions highlighted
in the diagnosis performed by the ergonomists as well as other malfunc-
tions that appeared over time. Some solutions took the form of specific
procedures between a branch and the processing centre, while others
were more related to procedures or more general organizational struc-
tures, influencing each of the 20 branches. This entire stage of simulation-
based solution-finding, coupled with real test stages, quickly took on
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both the name and the form of an experimentation on the organization of
production between the back office and the front office. We were able to
pursue this experiment for an extended period of time, notably because it
yielded tangible results.

The files that had been rejected by the processing centre very quickly
became an object of work. In quantitative terms, they represented about
200 files per day and per branch. In qualitative terms, these were either
commonplace files that had been returned with the wording ‘incomplete’
or ‘missing a signature’, or more complicated files for subscribers who
were encountering financial or social difficulties. The experiment allowed
us to concentrate on these ‘problem files” in order to decrease their num-
bers and to allow the emergence of more general topics, such as the lack of
knowledge of other agents” work, the lack of articulation between modes
of execution for a single, same file, the sharing of skills, the activity of set-
tling a file, the quality of service, etc. This collective work regarding the
‘remodeling’ of existing rules led to a decrease in the number of rejections
to 25 per day, also allowing us to improve part of the service provided
(quicker processing times) and the ability of the processing centre to help
the local branches (skill development).

The idea of reducing the rate of rejections had been clearly identified,
but the means needed to achieve this were far less clear. Over the course
of several meetings, the topics of debate broadened, trust was established
between the stakeholders who were present, and one could imagine a
more global vision for the processing of files between entities, and by way
of consequence, open up for debate a more wide-ranging view of the ser-
vice and quality of service. There was no longer any doubt that to reduce
the rejection rate, the processing centre should gain some time to deal
with the files.

Results of the intervention

Overall, these results also led to a decrease in the number of complaints
by subscribers. Freeing up this time also allowed the processing centre to
increase its capacity for dealing with files. It therefore became able to deal
with more complex files, which were not previously processed. Its scope
of action broadened over the course of the experimentation. This change
was perceived as a form of recognition by the processing centre staff,
through the diversification of tasks and, above all, through a more con-
sistent construction of the trade regarding the issue of settling files, and
finally, as a solution to the development of new tasks into departments.
Whereas the processing centre had previously been viewed as an agent
that disrupted work, by the end of the experiment, it was viewed rather as
a structure with which it had become possible to construct a new identity
for one’s work. Indeed, this entire work focusing on file rejections, which
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had seemed very basic and technical, allowed us to apprehend and pro-
cess complex issues related to change, identity at work, the development of
skills or the recognition of the work of other agents. At the national level,
the processing centres were subsequently recognized as service centres, on
par with the different departments. This change, which was more symbolic
than operational, suggested the appearance of a feeling of federalization
of the processing centre, which was considered up to then as an external
service provider. As a background to this evolution, the debates regarding
work situations allowed exchanges regarding the various practices of the
people involved. The various work groups functioned relatively indepen-
dently from the national level of management, which was called upon to
make decisions that related to its jurisdiction. In order for our action to be
effective, a certain degree of reactivity in decision-making was required.
However, the usual channels (hierarchy, technical and administrative
services) did not offer the expected reactivity. Our position allowed us to
construct an informal network of decision-making, allowing this reactivity.
However, the work carried out in these groups also pointed out a weakness
in the decision-making process, specifically between the national and local
levels, which group participants expressed regularly. During the closing
meeting of the experimentation, beyond a general acceptance, by the stake-
holders involved, of the results obtained in the group sessions, a revision
of the regional workings of the departmental branches and the processing
centre was considered. The regulation process that was implemented had
become necessary to all of the workers, in order to cope with the malfunc-
tions encountered between the departmental branches and the processing
centre. Indeed, each branch — along with the processing centre — could then
find working responses to everyday problems. Therefore, a region-based
organizational structure was proposed, which was defined by rules of
operation, key stakeholders and a manager.

Discussion
Designing an operative system

An essential aspect of this approach focused on the modes of coop-
eration that made it possible to carry out the transformations and their
experimental implementation. The evolution of modes of cooperation is
assessed based on proposals to transform the organizational structure. In
more concrete terms, the goal was to structure the organization in such a
way as to allow workers and managers to retain an ability to act upon the
rules — in de Terssac’s (1998) words, to structure the ‘work of organizing’.
The structuring proposed by the participants emphasized two significant
elements in the evolution of modes of cooperation between the depart-
mental branches and the processing centre (Figure 9.2):
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44 Processing

centre
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department
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Figure 9.2 Final proposal for the regional organization.

® The central role ascribed to the processing centre in managing regu-
lations at a regional level

® The establishment of a hierarchy of cooperation (between two
branches, and between a branch and the processing centre)

This structuring led to various modes of regulation, depending on
the case: ‘hot regulations’ (de Terssac and Lompré, 1996), which were not
formalized, between branches or between a branch and the processing
centre, and more formal ‘cold regulations’, related to the officialization
and homogenization of rules for the whole region. Furthermore, in this
way, the regional head office recorded the features of the groups that
had been set up for the experimentation, which allowed a form of con-
tinuity in the types of exchanges that had built up over the course of
the experimentation.

However, some other elements of cooperation were also proposed.
These involved the connections between regional and national manage-
ment. Indeed, the various decisions that were made at the regional level
translated to a local decision, which had to be validated by persons in
charge at the national level. This organizational structuration altered quite
noticeably the forms of cooperation between the front office and the back
office involved in the production of a service. It later served, in the overall
process of change management, as a reference to define a blueprint for the
benefits of society at the regional level. The experimental setup allowed
solving the difficulties related to work, which was an essential point for
agents of departmental branches and for agents of the processing centre.
However, it also made it possible to reflect upon a new form of organiza-
tion at the regional level, between the departmental branches and the pro-
cessing centre. Leaders at the local and national levels had identified this
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possibility quite well. Furthermore, the organizational structure that was
suggested in the end seemed to exhibit some features of an operant model
(Wisner, 1972), in the sense that it was a model of the situation that rep-
resented some essential aspects of the real world, that allowed objective
measures and was capable of leading to effective solutions. In this respect,
the experimental setup was viewed as quick and effective by the agents
and supervisors at the local and national levels. It encouraged the devel-
opment of a form of creativity on the part of agents and local leaders,
in terms of rules of operation, within a specific, controlled environment.
Thus, the setup emerges as an opportunity for distributed intelligence,
with the intelligence of the setup merging with that of the individual
(Fusulier and Lannoy, 1999). In our view, this aspect is crucial to the con-
struction and sustained implementation of organizational change (see the
dialogical aspects of design described by Béguin, this volume).

Structuring the experimentation

At a methodological level, this case study allows us to identify some fac-
tors that support the structuration of the stage of transition, that is, the
experimentation — which takes place notably through simulation (see
Barcellini et al., this volume):

1. The implementation of work groups cannot be ‘ordered by decree’. It
is constructed with the involvement of future participants and
decision-makers. As we have seen above, the configuration of group
meetings, which constitute the artificial spaces used for simulations,
is not totally defined in advance. In our case, the work groups were
gradually built up. The construction of the experimentation relies
on the social construction of the intervention. The analyses of work
that had been previously carried out made it possible to share with
the future participants a view of work — as a consequence, it also
allowed the construction of representations about the directions that
future transformations might take.

2. Identifying and prioritizing problems. The ergonomist provides input
for the discussions that take place during meetings of the work
groups, based on work situations that are validated by participants.
Next, for technical reasons that are related to the intervention — i.e.
all problems cannot be addressed in the meetings — it is crucial to
organize these problems along hierarchical lines, in order to give
the highest priority to the most sizeable malfunctions. The goal is
to spark up a debate about the various logics of action involved.
Criteria for quality of service have often been focused on catering
for the demands of mass production (e.g. reducing production time)
and taking into account the singular features of specific cases.
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3. Searching for solutions to the problems thus mentioned does not consti-
tute a ‘technical challenge’. Indeed, problem-building is also a part of
solution-building. The crucial constraint involves agreeing on what
means are available for reaching these solutions. This is the object
of a social construction between stakeholders, and questioning the
rules of these stakeholders leads to a confrontation between logics of
action. Therefore, searching for solutions is a dual process: one needs
to find trade-offs to deal with the conflicts between logics of action,
and to materialize these trade-offs in the form of technical solutions.

4. Identifying advantages and drawbacks. This follows on from the debates
regarding the search for solutions. It will be necessary to identify
criteria to assess the technical solutions that are experimented on.

5. The experimentation stage — a ‘natural space’ for simulation — must
include a clear end date so as to integrate the time constraints of the
project. Our experiment lasted 18 months. This may seem like a long
time, but full-scale simulation may lead to long delays for the pro-
duction of results (e.g. complaint rates of subscribers). Furthermore,
the goal is to experiment with technical solutions and to let new
rules of cooperation ‘emerge’. This second point takes a much longer
time to address.

6. The evaluation of results takes place in two stages: during the experi-
mentation and at the end of it. The results of the experimentation
between the departmental branches and the processing centre
allowed us to emphasize the fact that evaluations during the experi-
mentation aimed to adjust the solutions that had been selected. One
final evaluation took place at the end of the experiment, in the presence
of its participants. Its goal was an overall presentation of the results
obtained via structural alterations. It also makes it possible to sum-
marize the modes of cooperation involved in the experimentation.

Based on this example, we can clearly see that it is not just the objective
features of the situation that will serve as a means for action, but also the
possibility of acting upon the situation. Indeed, ‘one must, here, reverse
the general opinion and agree that it is not the harshness of a situation,
nor the suffering that it may cause, that are motives to design another state
of things where things would be better for all: on the contrary;, it is on the
day one can design another state of things that a new light falls upon our
pain and suffering, and we decide that they are unbearable’ (Sartre, 1943,
our translation). The gradual structuring of the transition stage, as we
have described it above, allowed participants (notably, the branch super-
visors) to imagine that it might be possible to improve the situation. This
constituted a crucial aspect of the problem in question. It is also the aspect
that opened up the door for solutions. The implementation of this experi-
mental setup allowed us to obtain some time to construct solutions, time
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where we were also able to implement methods and a ‘conversation with
the situation” (Schon, 1983). Indeed, this setup provided us with oppor-
tunities to ‘make a move’ (Daniellou, 2001) in order to test and assess the
opportunities in the organization. It allowed us to use the results pro-
duced during the experiment to suggest a different organizational struc-
ture. In the end, based on our proposal, we attempted, on the one hand,
to configure what would go on in the work situation by structuring the
approach of experimentation. On the other hand, we sought to leave some
room for the development of experience: new rules could be tested, but
they could also be altered depending on the results they produced. The
goal was to turn human experience into an object of experimentation.

Conclusion: An adaptable organization
and a source of development

The shared evolutions of work organizations are very general, and they
would not be enough to explain consequences to the health of workers
and to the performance of production systems. This leads ergonomists to
take a more precise interest in the difficulties encountered by the agents
involved: on the one hand, understanding the discrepancies between real-
world activity and the determinant factors of the organizational structure,
and on the other hand, implementing a process aiming to manage these
discrepancies. In Daniellou’s (1999) view, the relationship between the
activity of operators in the real world and the organizational structure can
translate into an impossibility, which some workers may be confronted
with when they do not have — or no longer have — the possibility to main-
tain a certain dynamic. In fact, this schematization of the reality of work
constitutes an application of social regulation theory (Reynaud, 2003), in
the sense that the individual activity is defined at the intersection of three
spaces: the ‘power to think’, the ‘power to debate” and the ‘power to act’
(Daniellou, 1998). The connections elaborated between these spaces mark
the conditions in which this activity becomes alive. Thus, understand-
ing the workings of the organization involves highlighting the tension
that exists between these dimensions. The discrepancies between rules of
control, the rules that make up the structure, and the autonomous roles,
which are efficiently built up by the workers themselves (Reynaud, 2003),
could be likened to the ‘value’ of the tension between these two poles, if
one focuses on the activity of a single individual.

If the work of organizing is structured in such a way that it allows
workers to reflect upon their own work (i.e. the power to think), to debate
this work with their colleagues and to act upon the way this work is done, it
then becomes a way for the organization to compensate for its deficiencies
(i-e. to cope with variability) and for workers to build up their own health:
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‘work always involves an activity of constructing rules, which implies the
existence of spaces to debate with one another and confront opinions. In
businesses, such spaces are usually not official spaces of confrontation’
(Davezies, 1993, p. 6, our translation). Hence, if this work on the organi-
zation is acknowledged and structured, it can constitute a source for the
development of activity and become an organizational ability to process
what has not been foreseen or prescribed (Czarniawska, 2009; Johansson
Hanse and Winkel, 2008). In a sense, the experiment described above gave
some structure to the work of organization by focusing on the manage-
ment of major local issues, by setting up a local democracy, and by foster-
ing a participatory approach (Kuorinka, 1997, Nagamachi, 1995; Wilson
and Haines, 1997, Woods and Buckle, 2006). Furthermore, by making
managers and other workers work together, the experiment led to the con-
struction of forms of reciprocal recognition: from managers to operators,
who are given a possibility to take part in the organizational change and
to construct, in part, their own future activity, and from operators to man-
agers, who are involved in the work of organization. Experiment-based
change therefore allows a gradual adaptation of individuals, collectives
and organizations.

Following this view, designing an organization that allows this kind
of work gives this work an enabling aspect (Coutarel and Petit, 2009;
Falzon, 2005; Nussbaum, 2000; Sen, 2005), in the sense that it becomes
capable of coping with human and technical variability, a resilient organi-
zation (Hollnagel et al., 2006), and if need be, to question the prescriptive
framework:

The effects of ergonomic interventions can also be
thought of as means to provide power to individuals
and organizations, to give them additional tools that
allow them to make some progress. The acquisition
of skills can be viewed as a process of development
of capabilities, for example, by increasing the num-
ber of options, the number of operative procedures
that are available to every worker. Similarly, pro-
viding workers with spaces of liberty with respect
to task goals or criteria increases their capabilities
by increasing the set of available options. Finally,
allowing teams to define their own collective activi-
ties increases team capabilities. (Falzon, 2005, p. §,
our translation)

This developmental view takes on its full meaning when one con-
siders the organizational leeway that is necessary for the development of
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activity. Leaving some space available for the regulation of sources of vari-
ability leads us to view the organization as a means to modify the rules
of work, should this be required. An adaptable organization is one that
is designed like an instrument (Petit, 2005; Arnoud and Falzon, this vol-
ume) — an organization in which “prescription is the object of genesis, and
the subject therefore constructs the resources of his own action” (Béguin,
2010, p. 129, our translation). In this sense, the organization should be
viewed as an instrument that is put to the service of the workers, and
not as a tool that is designed, looking at work ‘from the outside’, to direct
the activity — whose autonomy, circuits and places of decision are based
upon a model of subsidiarity (Melé, 2005; Petit and Dugué, 2010; Dugué
and Petit, 2013). This requires designing the organization with a human-
centred approach — not just for humanistic reasons, but for the sake of
effectiveness itself (Ebel, 1989), as a system that appears as a means to
construct the relationship between people and objects in an independent,
and no longer dual, fashion.

References

Béguin, P. (2010). De l'organisation a la prescription: plasticité, apprentissage
et expérience. In Y. Clot and D. Lhuilier (Eds.), Agir en clinique du travail
(pp. 125-139). Paris: Eres.

Caroly, S. (2010). L'activité collective et la réélaboration des regles: des enjeux pour
la santé au travail. Habilitation thesis, Université Victor Segalen Bordeaux 2,
France.

Clot, Y. (2008). Travail et pouvoir d’agir. Paris: PUF.

Coutarel, F. (2004). La prévention des troubles musculo-squelettiques en con-
ception: quelles marges de manceuvre pour le déploiement de l'activité?
Unpublished doctoral dissertation, Université Victor Segalen Bordeaux 2,
France.

Coutarel, F, and Petit, J. (2009). Le réseau social dans l'intervention ergonomique:
enjeux pour la conception organisationnelle. Revue Management and Avenir,
27,135-151.

Czarniawska, B. (2009). A theory of organizing. Cheltenham, UK: Edward Elgar
Publishing.

Daniellou, F. (1998). Participation, représentation, décisions dans l'intervention
ergonomique. In V. Pilniére and O. Lhospital (Orgs.), Journées de Bordeaux
sur la pratique de I'ergonomie: participation, représentation, décisions dans
I'intervention ergonomique (pp. 3-16). Bordeaux: Editions LESC.

Daniellou, F. (1999). Nouvelles formes d’organisation et santé mentale: le point de
vue d'un ergonome. Archives des Maladies Professionnelles et de Médecine du
Travail, 60(6), 529-533.

Daniellou, E. (2001). L'ergonome et les solutions. In F. Coutarel, J. Escouteloup,
S. Mérin, and J. Petit (Orgs.), L'ergonome et les solutions. Journées de Bordeaux
sur la pratique de I'ergonomie (pp. 4-16). Bordeaux: Editions LESC.

Davezies, P. (1993). Mobilisation de la personnalité et santé au travail. Le travail
d’exécution n’existe pas. Le Mensuel de ’ANACT, 187, 6-8.



Chapter nine:  Interventions as dynamic processes for development 141

Davezies, P. (2008). Stress, pouvoir d’agir et santé mentale. Archives des Maladies
Professionnelles et de I’Environnement, 69(2), 195-203.

de Terssac, G. (1998). Le travail d’organisation comme facteur de performance. Les
cahiers du changement, 3, 5-14.

de Terssac, G., and Lompré, N. (1996). Pratiques organisationnelles dans les
ensembles productifs: essai d’interprétation. In J. C. Spérandio (Ed.),
L'ergonomie face aux changements technologiques et organisationnels du travail
humain (pp. 51-70). Toulouse: Octares.

Dugué, B., and Petit, J. (2013). Ethical stakes of corporate governance, ergo-
nomic contribution to organizational redesign aiming at subsidiarity. In
Understanding Small Enterprises (USE) Conference, Proceedings from USE to Action:
Transforming Our Understanding of Small Enterprises into Practice to Create
Healthy Working Lives in Healthy Businesses, Nelson, New Zealand, pp. 80-86.

Ebel, K. H. (1989). Manning the unmanned factory. International Labour Review,
128(5), 535-551.

Falzon, P. (2005, September). Ergonomie, conception et développement. Introductory
conference, 40th congress of SELF. Saint-Denis, Réunion.

Fusulier, B., and Lannoy, P. (1999). Comment “aménager par le management”?
Hermes, 25, 181-198.

Hasle, P, and Jensen, P. L. (2006). Changing the internal health and safety orga-
nization through organizational learning and change management. Human
Factors and Ergonomics in Manufacturing, 16(3), 269-284.

Hollnagel, E., Woods, D., and Levesson, N. (2006). Resilience engineering: concepts
and precepts. Aldershot, UK: Ashgate Publishing Ltd.

Johansson Hanse, J., and Winkel, J. (2008). Work organisation constructs and ergo-
nomic outcomes among European forest machine operators. Ergonomiics,
51(7), 968-981.

Kuorinka, I. (1997). Tools and means of implementing participatory ergonomics.
International Journal of Industrial Ergonomics, 19, 267-270.

Melé, D. (2005). Exploring the principle of subsidiarity in organizational forms.
Journal of Business Ethics, 60(3), 293-305.

Morrison, E. W., and Milliken, E. ]. (2000). Organizational silence: a barrier to
change and development in a pluralistic world. Academy of Management
Review, 25(4), 706-725.

Nagamachi, M. (1995). Requisites and practices of participatory ergonomics.
International Journal of Industrial Ergonomics, 15(5), 371-377.

Nussbaum, M. (2000). Women and human development: the capabilities approach.
Cambridge: Cambridge University Press.

Petit, ]. (2005). Organiser la continuité du service: intervention sur 1’organisation
d’une Mutuelle de santé. Unpublished doctoral dissertation, Université
Victor Segalen Bordeaux 2, France.

Petit, ]., and Dugué, B. (2010, September). Une organisation “subsidiariste” pour
prévenir des RPS. Presented at Proceedings of the 45th SELF Conference,
Liege, Belgium.

Rabardel, P, and Béguin, P. (2005). Instrument mediated activity: from subject
development to anthropocentric design. Theoretical Issues in Ergonomics
Science, 6(5), 429-461.

Rabardel, P., and Pastré, P. (2005). Modeles du sujet pour la conception. Toulouse:
Octares.



142 Johann Petit and Fabien Coutarel

Reynaud, J. D. (2003). Régulation de contrdle, régulation autonome, régulation
conjointe. In G. de Terssac (Ed.), La théorie de la régulation sociale de Jean-Daniel
Reynaud (pp. 103-113). Paris: La Découverte.

Sartre, J. P. (1943). L’étre et le néant. Paris: Gallimard.

Schon, D. A. (1983). The reflexive practitioner: how professionals think in action. New
York: Basic Books.

Sen, A. (2005). Human rights and capabilities. Journal of Human Development, 6(2),
151-165.

Vézina, N. (2010). TMS ailleurs. Prévention des TMS au Québec. Archives des
Maladies Professionnelles et de I’ Environnement, 71(3), 426—430.

Wilson, J. R., and Haines, H. M. (1997). Participatory ergonomics. In G. Salvendy
(Ed.), Handbook of human factors and ergonomics (pp. 490-513). Chichester, UK:
Wiley & Sons.

Wisner, A. (1972). Le diagnostic en ergonomie ou le choix des modeles opérants en situa-
tion réelle de travail. Report 28. Paris: Laboratoire de Physiologie du Travail et
D’ergonomie, CNAM.

Woods, V., and Buckle, P. (2006). Musculoskeletal ill health amongst cleaners
and recommendations for work organisational change. Journal of Industrial
Ergonomics, 36(1), 61-72.



chapter ten

The design of instruments
viewed as a dialogical process
of mutual learning

Pascal Béguin

Contents
Crystallization, plasticity and development..........cc.c.ccooeiiiiiiiinnne. 144
Crystallization.........ccccoeviiiiiiiiiiiiiiii s 144
PlastiCity......ccoeiiiiiiiiiiiiiiiiiciicc s 145
Development.........ccccvuiiiiiiiiiiiiiiiiii s 146
Diversity and unity of the connections between design and work......... 147
Designing a cOUPING........ccccvvviiiiiiiiiiiiiiiiiiiciiccs 147
Mutual learning and dialogues............ccccoeuriiieiiiiiiiiiieicc, 148
Organizing dialogical design ...........cccccovuiiiiiiiiiiiiiiiiicc, 149
Objectifying the instrumental hypotheses of workers......................... 149
Designing instrumental hypotheses...........c.ccccccoovvviiiiiiiiinn 150
Engineering resonance between the instrumental hypotheses of
workers and designers during design...........cccooeoviriieiiiiincn, 151
Constructing the dialogical frames of design ..........cccccccevvviiiiinnne. 154
REFEIEICES. ...ttt 156

The International Ergonomics Association defines ergonomics as ‘the
profession that applies theory, principles, data and methods to design in
order to optimize human well-being and overall system performance’
(http://www.iea.cc/ergonomics). This orientation of its program has led
to diverse work within activity ergonomics. We will describe a brief pan-
orama of this work, and arrive at the idea that one cannot limit oneself
to designing artifacts. Design is a process of joint development of arti-
facts and of the activity of those who use them. The goal of this text is to
propose a dialogical approach of mutual learning between workers and
designers, aiming to address the challenge of a developmental approach
to design.
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Crystallization, plasticity and development

The concept of activity, as well as the understanding that we have of
the processes of design, is not set in stone in the discipline. Over time,
this knowledge has evolved, leading to the birth of various perspectives.
Three perspectives can be distinguished, which we will term crystalliza-
tion, plasticity and development.

Crystallization

The central idea behind this first view (which is the oldest) is that every
technical device, every artifact, ‘crystallizes’ knowledge, a representa-
tion, and in the broadest sense a model of the user and his or her activity.
However, once they are crystallized in the artifact, these models may
become a source of difficulty (or even exclusion) for people if they are false
or insufficient. For example, planning a staircase to access premises relies
on a representation of valid subjects that, once it is crystallized in the arti-
fact, imposes itself upon everyone. With the risk of excluding people in a
wheelchair: these people will be unable to access the upper floors. This is
a general feature of design: the software ‘sets’ in the artifact a psychologi-
cal model of the user (Carroll, 1989; Bannon, 1991).

This can be generalized. Any technical system integrates, material-
izes and conveys numerous choices made by its designers regarding the
nature of the work to be done, but also choices that are of a social, eco-
nomic and political nature (Freyssenet, 1990). Yet, ergonomists will note
that these choices are often made based upon an insufficient knowledge
of the workings of man, and of the conditions in which the work is to
be done.

During design, ergonomists must then offer and diffuse better models
of the workings of humans and of their activity when faced with technical
objects, and turn these models into resources for design. Indeed, a large
part of earlier work in ergonomics aimed to provide better data about
humans (e.g. anthropometric data). Methods of ergonomic work analy-
sis (EWA) were fundamentally developed toward this goal: to construct
‘operant models’, that is, according to Wisner (1972), ‘models of the situ-
ation that are representative of some essential aspects of the real world,
and are likely to lead to effective solutions’ (our translation). The issue
is, as Maline (1994) might say, to ‘transform the representations’ of design-
ers (our translation). Yet, EWA makes it possible, first and foremost, to
objectify a situation that already exists (Theureau and Pinsky, 1984). Yet,
in design, one must project oneself in the future — leading to the idea that
one should anticipate ‘future activity” in order to model it.
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Plasticity

However, this wish to anticipate human activity leads to debates that
are epistemological (how is it possible to know this future activity?) and,
above all, ontological (regarding the nature of activity). Indeed, a wide
range of empirical and theoretical work has shown that there will always
be a difference between activity as it can be apprehended and modelled
for design and activity as it will be, in fact, deployed in a given situation.

Activity is guided by concrete situations. But these situations are
constantly evolving because of industrial diversity and industrial vari-
ability (Daniellou et al., 1983). Indeed, in professional situations, work-
ers encounter unexpected events, resistances that are related to industrial
variability — tool malfunctions, instability of the matter that must be trans-
formed, absence of a colleague, etc. Hence, whatever efforts are made to
anticipate activity, the performance of action will never completely match
what had been planned out. Workers, then, are expected to exhibit an
‘intelligence of the task’ (de Montmollin, 1986), to adjust to these events, to
take into account the contingencies of the situation, for example, by acting
at the right time and by making use of favourable circumstances. In short,
human activity is ‘situated” (Wisner, 1995).

This situated view of activity (in the sense of the theoretical frame-
work of situated action; see Suchman, 1987) leads to redefining the goals of
ergonomists in design. The goal is not (just) to construct a more grounded
representation of humans and the way they function. One must (also)
design systems that are flexible enough to leave some degrees of freedom
to the activity in real life, in terms of both production effectiveness and
the health of workers (to achieve production goals without endangering
one’s health).

Let us note that this orientation leads to a research program whose
goals are twofold: both technological (what are the properties that systems
should have in order to be plastic and afford leeway?) and methodological
(how can one influence design to take into account industrial variability
and diversity?). The work carried out in activity ergonomics has led to an
original position: the goal is to contribute to the specification of ‘spaces
of future activities’, or of possible activities (Daniellou, 2004). This author
provides an example: providing workers with a printer allows them to
rely on a printout when required. But in the absence of a printer, the only
possibility is to rely on the screen. In methodological terms, the goal is
then to make an inventory of ‘typical situations of action’ (i.e. the diversity
of probable contexts of action) in order to examine whether the worker
will have access to the required leeway — in terms of resources and con-
straints — allowing him to cope with the diversity of situations in the real
world - in terms of consequences for oneself and for production goals.
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Development

The approach described above leads to a crucial idea: the anticipations
and internal references constructed in the act of designing are not enough.
One must take into account activity in real life.

However, in the situated approach of plasticity, the operator acts in
order to cope with events. This interpretation, which focuses on extrin-
sic aspects (tasks, tool malfunctions, the absence of a colleague, etc.), is
obviously not wrong. However, it is insufficient. The work carried out by
operators also has origins in the intrinsic aspects that are related to the
worker himself and to his activity. Let us emphasize three ideas.

The first idea is that every artifact (machines, tools or production pro-
cesses) is ultimately implemented by workers, who will mobilize their
ways of doing and thinking (skills, operative concepts, etc.), to ensure that
it works well. Yet, anthropology of technology (see e.g. Geslin, 2001) has
abundantly demonstrated that there is no such thing as a void of tech-
nique (in the etymological sense of ‘effective know-how’) but, on the con-
trary, that there exist some antecedent cognitive and cultural constructs.
This is true even when the artifact is radically new to the social and cul-
tural environment in which the technological innovation is introduced.

The second idea is that these preexisting ways of doing and thinking
things will often be put into motion by the technical novelty itself. The
introduction of a technical novelty in a given situation often makes it pos-
sible to solve old problems. However, it also changes the nature of the task
and creates new problems for which new forms of action will be required.
Hence, the question emerges of the genesis of a new activity in the face of
novelty and of the designed object.

The third idea is that if one tries to analyze these geneses — the pro-
cesses whereby operators appropriate themselves a technical novelty and
turn it into a resource for their actions — one can see that they relate to two
different, distinct forms: either the worker develops new techniques based
on those that are already available to him, or he adapts, alters or transforms
devices to make them compatible with his own constructions. Indeed, this
is the main result of the work carried out regarding ‘instrumental gen-
eses’ (Béguin and Rabardel, 2000; Bourmaud, this volume). During the
appropriation of a technical device, one can observe either an instrumen-
tation — workers modify their activity to match it to the device — or an
instrumentalization — that is, matching the novelty to the activity: workers
adapt, alter, reinterpret or even transform devices (either temporarily or
durably) to match them to their own ways of thinking and doing things.
In work situations, and when faced with radically new situations, one can
obviously observe large-scale processes of appropriation, often connect-
ing together instrumentation and instrumentalization. These processes
sometimes take place over many years.
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Diversity and unity of the connections
between design and work

The three perspectives we have presented above pose, in fact, two ques-
tions. The first relates to the object that is to be designed: is it the technical
design, the leeway or the activity? The second relates to the unit of action
on which the intervention of ergonomists in design can be based.

Designing a coupling

The concepts of crystallization, plasticity and development exhibit many
differences. But beyond this diversity, all three argue the same fact: one
should take into account at the same time the features of technical sys-
tems, on the one hand, and the activity of workers, on the other hand.

Indeed, crystallization emphasizes the fact that the work activity must
be modelled at the same time as one specifies technical tools and devices.
Plasticity argues that the effectiveness of devices does not rely exclusively
on decisions made in design departments, but also on the situated activ-
ity. And development indicates that activity develops over the course of
the development of a tool. Therefore, it is a coupling — the systematic orga-
nization of two entities — that constitutes the object that is being designed
to the ergonomist in the midst of an intervention.

The instrumental approach — mentioned above — has particularly
underlined this point, by asserting that a distinction should be made
between the artifact and the instrument (Béguin, 2006; Bourmaud, this
volume). The artifact is a manufactured object in its material and sym-
bolic aspects. The instrument, on the other hand, is a composite entity
that comprises both an artifact and a component related to action. It is the
association of these two, organized in a system, that forms the instrument.
For example, a pen is an artifact that does not in itself form an instrument.
In order for it to be an instrument, it must be associated with organized
forms of action (that are, indeed, the object of a long learning process in
children). It is the association of the two that allows writing.

Therefore, the instrument can be defined as a bipolar entity, connect-
ing two components: a ‘human face’, which comes from the subject (the
worker, the user), and an ‘artifactual face” (an artifact, part of an artifact or
a system of artifacts), which is of a material or symbolic nature.

One of the interesting aspects of this conceptualization is that it
argues that even if an artifact is very well designed, the instrument is by
no means finalized when it leaves the design departments. In any case,
the ‘living” instrument, the one that is in fact implemented, implies that
a human being, either a worker or a user, should associate it with part of
oneself. However, no one can replace this ‘part of oneself’. This definition



148 Pascal Béguin

of design thus suggests that designers and users contribute to design
based on their own competence and diversity.

Mutual learning and dialogues

If, from the point of view of methods and approaches for design, one
wishes to follow the preceding stance (that is, workers and designers con-
tribute to the design based on their diversity), it is not enough to focus on
the coupling between the subject and the design object (as in all the works
we have mentioned thus far). One must take into account not just the
activity of workers, but also that of designers. Indeed, behind the artifact
is the activity of designers, and these must have a status in the process.

In the sense that designers and workers contribute to design based on
their diversity and own competence, one must, from the point of view of
methods, focus on the dynamics of the exchanges between workers and
designers in order to facilitate and provide tools supporting them. It is
in this view that we will speak of a dialogical approach of mutual learning
(Béguin, 2003; Barcellini et al., this volume). Two elements characterize
this approach:

® As is argued by the famous metaphor of a ‘conversation with the
situation’ (Schon, 1983), each designer carries out, over the course of
one’s activity, some learning. The designer, aiming for a goal, projects
ideas and knowledge. But the situation ‘responds’ and is a source of
‘surprise’, because it presents some unexpected forms of resistance
that are a source of novelty, leading to learning and reorganizations.
However, since design is a collective process, the other stakehold-
ers of the process also respond to and surprise the designer. In this
context, the result of a designer’s work is at best a hypothesis, steer-
ing the learning of other people. But this learning may be possible
or impossible, leading — depending on the case — to validate, but
also sometimes to refute, or more simply to put in motion, the initial
hypothesis. This response may then lead to starting up a new cycle
of learning, this time on the part of the person having formulated
the initial hypothesis. Thus, this approach leads to an interesting
model, if one extends it to interactions between designers and work-
ers. In this model, one switches from the idea of the appropriation
of a novelty to that of learning and of a confrontation between dif-
ferent forms of knowledge. In this model, a novelty designed by
the designers may lead to learning on the part of workers. But this
model also posits that designers can also learn from workers. There
are therefore mutual processes of learning that should be supported
and supervised. In this context, the productions of designers should
be viewed as ‘instrumental hypotheses’.
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e Following such an approach, the instrument develops over the
course of dialogues between workers and designers. However, this
concept of dialogue should not be understood only in the narrow
sense of verbal communication. It is a process with a dialogical
structure: the result of the work of one person is put back to work
within the activity of another, leading to a response. However, the
vectors of this dialogue can be, for example, a blueprint, a mock-up
or a prototype. On this particular point, we join here the issue of
‘intermediary objects’ of design. This concept of intermediary object
posits that the objects of design are media, used for representation
and communication between the stakeholders of design. In our
own words, the intermediary objects constitute the vectors of the
instrumental hypotheses. Hence, they make it possible to focus the
exchanges between stakeholders on the function of the artifact and
on its expected use by workers. These hypotheses may then be vali-
dated or questioned, when they are subsequently confronted with
the activity of the workers. Dialogical processes may, then, include
discourse, relying on language. But they fundamentally involve
action, specifically in a confrontation of what is designed with
the resistances of the real world.

Organizing dialogical design

This dialogical model provides a very different vision from the classi-
cal approach of engineering, where design is viewed as a change of state
during which problems must find a solution. In a dialogical view, design
appears not to have a true starting or finishing point. It is, instead, a cycli-
cal process where the results of the work of one person, designer or worker
fertilize the work of another, and where there is probably no such thing
as a last word.

This view opens up several possibilities for organizing design. By
drawing on the concept of instrumental hypothesis that we have just intro-
duced, I propose three directions that concern three different moments
in time.

Objectifying the instrumental hypotheses of workers

This first path consists in instituting the results of the work of operators as
an instrumental hypothesis, a source for the activity of the designer. The
activity of the user, in this view, therefore temporarily gains ‘first ground”.
Let us take the example of the design of a machine to fold and insert mail
into envelopes.

This study was carried out within a national centre in charge of send-
ing the administrative correspondence of a ministry (Béguin et al., 1998).
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It was carried out following a request from management, and after the
arrival of anew machine. This machine was entirely automated, was much
faster than earlier machines, and allowed inserting more than five docu-
ments in a single envelope. Unfortunately, the workers proved unable to
bring out the produced mail for several months. Work analysis made it
possible to identify the causes of these difficulties. To set a machine for
folding and inserting the documents in the envelopes, it is necessary to
construct a representation of the kinetics of the paper while the machine
is in operation, in order to see how the paper will be warped. Indeed, it is
impossible to define proper settings for the machine and to avoid paper
jams without being able to do this. However, because the new machine
included a hood, it was impossible to collect this information regarding
paper warps (in spite of the large amount of information that was avail-
able on computer screens). However, work analysis also showed that the
older machines, which had been used before the introduction of the new
automated machine, had been greatly altered by the workers. They had
altered the hoods to add some Plexiglas windows, thus facilitating the
collection of significant information. The alterations that had been made
were therefore analyzed from the point of view of their functions. These
data served as a basis for the construction of functional specifications for
the design of a new automated machine.

In this example, the alterations that workers had made on the machines
were viewed as instrumental hypotheses. They were not implemented
‘as is” by the designers. It is the identification of functions and user needs
that is at the source of the transformations carried out by the workers that
is of interest to us. Technical possibilities may allow us to provide novel
solutions, which the workers may not have identified yet. Objectifying the
workers’ instrumental hypotheses therefore requires specific work on the
part of the ergonomist, relying on his or her ability to take into account
the level of uncertainty of the design process, and the corresponding work
of designers.

Designing instrumental hypotheses

In this second view, the activity of the designer is (temporarily) in the
forefront. This activity consists in specifying the artifactual side of the
instrumental hypotheses, by supposing, during the design of the artifact,
that its properties may be altered by the workers based on the develop-
ment of their own activity.

Our example will be the LENS software program, used to manage
electronic mail. This piece of software has led to an entire series of stud-
ies. It is a software program that was originally designed as an ‘intelligent’
agent. Mackay (1988) has shown that the workers alter the functions
afforded by the software: they wish to be notified of the arrival of new
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messages, and to be able to consult these messages. Therefore, the users
develop new functions. For example, they use the system as an assistant
that will archive the messages in an adequate area, and not as a filter.
Above all, one of the advantages of this software is that it allows each
user to construct his or her own filter, taking into account personal needs
(de Keyser, 1988).

Here, we return to a technological orientation — that of transformable
systems. One of the important roles played by ergonomists in designing
these artifacts is grounded in the fact that they must define the properties
of the artifact and the activity corresponding to those properties. Indeed,
focusing on the artifact itself, it will be necessary to specify the levels in
which the system can be modified (e.g. systems that cannot be modified,
systems that can be modified and adapted within the limits and views
expressed by the designer, and systems that can be modified in new ways,
from a functional point of view) (Randell, 2003). However, this implies
identifying the various kinds of practices that correspond to these lev-
els (for example, choosing between options that have been determined
in advance, or designing new behaviours for the artifact based on exist-
ing elements).

Furthermore, the issue of transformable systems must not be borne
by the ergonomist only at the level of the instrument. Modifying tech-
nical systems requires resources. Those may be, obviously, cognitive
resources (e.g. the existence of an instruction booklet, the possibility of
exchanging information with the designers when required, etc.), but also
time resources. Such an activity of ‘sustaining design’ in a work situation
requires time. It must therefore be allowed, not just by the artifact, but also
by the simulation.

Engineering resonance between the instrumental
hypotheses of workers and designers during design

In the two directions mentioned above, the activity of the designers and
that of the workers are asynchronous. The third direction is to organize
synchronous work. The specific feature of this third way is that the dia-
logical exchanges between designers and users serve as a driving force for
design, as we will see with an example regarding the design of an alarm
aiming to prevent runaway reactions in SEVESO class chemical plants
(Béguin, 2003).

We are in a production unit in the field of high-precision chemistry.
The product being manufactured is highly explosive, and can exist in
either one of three states. In the cold state, it thickens and hardens, leading
to ‘supercooling’. When it heats up, it becomes a liquid, which is its ideal
state. But when it is too hot, it produces a highly explosive gas, leading to
a runaway reaction. Runaway reactions are the primary cause of human
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casualties in chemical production. Workers seem to remain on site until
the explosion occurs. This is why the engineers have designed a safety
system. This system is an alarm whose goal is to predict a mean remain-
ing time (MRT) before the explosion occurs. First, a detection algorithm
was developed and tested in an experimental situation. It was then sug-
gested that a prototype of the artifact be introduced in a tryout situation.
This prototype displayed (1) the mean remaining time before an explosion
and (2) very precise information regarding the temperature of the prod-
uct, to within a hundredth of a degree Celsius.

The results of the introduction of the prototype on the experimen-
tal site speak for themselves. They show that the workers gradually con-
sulted the alarm more and more. Thus, in the first trials, they consulted
the interface for only 1.7 per cent of the time devoted to the supervision
of the production process. However, 3 months later, they consulted it for
31.5 per cent of the time (see Table 10.1). Therefore, the workers took own-
ership of the system, which is a priori a good thing.

However, a more detailed analysis of information collection (based on
gaze direction) showed that the workers use the alarm instead of the ther-
mometers that were previously available (see Table 10.1). Thus, the workers
collect mainly the information that the device gives about temperature,
and not the time remaining before the explosion (MRT), although this is
the whole point of the system. In short, in the activity of the workers, the
alarm takes on the status of a thermometer.

However, this status is unacceptable from the point of view of the
designers. First, European regulations (NE 31) require that ‘safety instru-
mented systems’ should be separate from the other available tools.
Whereas the alarm was initially designed as a safety instrumented sys-
tem, it takes on the status, in the activity of the workers, of an ‘aid to

Table 10.1 Comparison between the Evolution of the Time Devoted
to Information Collection Using the Prototype and Using
the Thermometers That Were Previously Available on Site?
between the First, Second and Third Trial Sessions for the Prototype

First Second Third
trial session  trial session trial session
Duration of the collection of 1.7% 8.1% 31.5%
information on the prototype
Duration of the collection of 27.3% 24.5% 4.2%

information on the temperature
indicators that were previously
available

2 In per cent of the total duration of work.
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process supervision’. Furthermore, what role does this instrument take on
with respect to the major hazard of runaway reactions, whose prevention
is the main goal of the project? The fact that workers took such owner-
ship of the system placed the designers in a very uncomfortable situation.
From their point of view, it even meant that the project had failed.
Starting with the idea that unexpectedly taking ownership of the sys-
tem constituted a response on the part of the users, we carried out an anal-
ysis of work to understand this response. This analysis showed that the
evolution of the function of the artifact that took place within the activity
of the workers found its source in the strategies these workers used to con-
trol the production process. Indeed, the workers controlled the process by
maintaining it at the lowest possible temperature threshold. This strategy
‘drives them away”’ from the major hazard of a runaway reaction (which
occurs when the temperature threshold is set high). However, running the
process at a low temperature is also hazardous: if the product becomes too
cold, it may crystallize and harden. To use the expression of the workers
themselves, this is an ‘everyday hazard”. The designers took into account
this need of the workers, and altered the artifact accordingly: in addition
to the initial analogical display of temperature, they included the display
of a curve, making it possible to track the history of the evolutions of tem-
perature. Indeed, the curve makes it possible to interpret trends in the
product’s thermal kinetics. This emerged, from the analysis of work activ-
ity, as a variable used by the workers to prevent these everyday hazards.
In addition, the work analysis showed that the workers spent a lot
of their time trying to steer clear from the major hazard of runaway
reactions, that is, to produce while staying as far away as possible from
high temperatures. However, runaway reactions might still appear fol-
lowing, for example, a breakdown or damages to the equipment. Once
again, to use the workers” own words, they would then have to ‘cope with
the unknown’ — hence the idea of designing an instrument that would
allow workers to apprehend the concrete conditions of a runaway reac-
tion. The alarm was able to achieve this, since its design was based on
a model of runaway reactions. Therefore, the prototype was modified
so as to be able to simulate the temporal dynamics of such major events
(to do this, the product being manufactured was replaced with an inert
liquid). Three simulations were conducted that differed from one another
in terms of safety procedures that had been planned for that particular
site. They showed that, in two of the cases, the workers would have failed

" As it expands, the product may cause some of the equipment, which is made of glass, to
break. Furthermore, it will be necessary to heat the product up later on, which may be
hazardous.
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to cope with the hazard — in one case, because of the organizational con-
ditions of work, and in the other, because of the architecture of the site.
Following this, an additional worker was hired and the architecture of the
site was modified.

In this example, the characteristics of the first version of the artifact
corresponded to the instrumental hypothesis of the designers. However,
the workers produced a (creative) response that modified its function and
its meaning. The designers took this into account. However, the response
of the workers did not draw the dialogue to a close. Instead, it generated
another response on the part of the designers, who developed an arti-
fact whose aim was, in a sense, to bring the workers on their own ‘home
field” — by allowing them to experience the concrete conditions of a run-
away reaction. This led to broader alterations, regarding the site’s organi-
zational and architectural conditions.

Constructing the dialogical frames of design

In this chapter, we have proposed a dialogical model of the mutual learn-
ing that occurs in design. One of the stakes of this approach is to locate,
on a single scene, within a single frame of action, the heterogeneous logics
and positions of the designers and workers, for them to work together.
However, the frame of a dialogical design is not limited to its tempo-
ral aspects. It also lies in the power games between the stakeholders of the
design project. A dialogical model of design tends to make these stake-
holders all symmetrical, and to focus on their knowledge, but also tends to
abandon the issues related to power plays. In the sense that design is charac-
terized by heterogeneous points of view, workers and designers can legiti-
mately disagree with each other. However, these disagreements between
stakeholders may be dealt with following two contrary approaches:

® One pathway is conflict, e.g. through the exercise of authority or
the exclusion of some of the stakeholders, whose goals, motivations
and decision criteria appear to be overly divergent or are viewed
as insignificant.

* The second pathway is, precisely, design. Disagreements serve as
a driver to modify the characteristics of the object being designed.
Criteria are changed, specifications are adjusted, and goals are rede-
fined so the solution can be viewed as acceptable within the group.

The difference between these two opposing pathways is that, in con-
flict, disagreements are resolved through a confrontation between stake-
holders. The strongest wins. In design, however, the complexity of the
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exchanges can be attributed to the complexity of the real world. Between
these two pathways, there is a shift in balance. In the first case, difficulties
are dealt with by suppressing the diversity of points of view within the
group, while the complexity of the real world fades into the background.
In the second case, the very purpose of design is to solve difficulties by
managing the complexity of the real world, while being mindful of the
diversity of points of view within the group.

The existence of these two paths raises the issue of the relationship
between knowledge and power. Foucault (2004), who strongly emphasized
the importance of this relationship, set a distinction between two kinds
of devices: ‘normation’ devices and normalization” devices. Normation
is characterized by the fact that knowledge turns into power. It then
becomes the norm, and those who do not conform to it turn to abnormal-
ity. The second device, normalization, consists in the gradual construction
of curves for the development of knowledge, in order to achieve a local
institution of normality.

In many ways, the proposals made in this chapter aim to guide design
toward a less normative form in order to achieve the local institution
of normality through dialogical forms of design. One could also argue
that such an approach is favourable to the health of workers. Indeed,
Canguilhem (1966) has argued that the ‘healthy man’ is a man who is
not subjected to the constraints of one’s environment, but who is capable
of changing them to assert one’s own norms (for example, professional
norms) and life project.

The fact remains, however, that normation and normalization are two
sociocognitive frames that are built before the intervention of ergono-
mists. The ergonomist’s intervention takes place in a social context that
precedes it". But in any case, the role played by an ergonomist is never
neutral. This joins the position of Daniellou and Garrigou (1993): the
ergonomist plays a very active part in ‘reframing’ the exchanges between
stakeholders. The ergonomist may even be, I believe, a ‘guardian’ of this
frame. But such a formulation implies that we must clearly see the social
and axiological dimensions of the frame. Both dimensions constitute an
obligatory background to dialogism in design — and as a consequence, to
developmental approaches in ergonomics.

" Indeed, this is a dimension that imposes itself on the ergonomist, and that is probably
all the more salient when one considers sectors with low added value, involving workers
with low qualifications.
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Various works in ergonomics have attempted to develop and implement
conceptual and practical frameworks for designing artifacts. The relations
that are developed and maintained between people and technology can,
then, be viewed in different ways. The goal of this chapter, which focuses
specifically on the use of artifacts and on their integration in activity, is
to propose a framework for constructive ergonomics to think and act
in design.

One of the main frameworks for design, traditionally called human-
computer interaction (HCI), structures itself around the following question:
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how can we design artifacts that can be used easily, efficiently, comfortably,
etc. by their users? The stakes of design then aim toward artifacts whose
properties are well suited to the characteristics of (future) users. In such a
framework, design appears to be guided, first, by the presumed and antici-
pated use that users should make of it. What is being sought after is a bet-
ter fit between user needs, which are themselves an object for analysis, and
the functions of these artifacts, in order to perform tasks that have been
determined beforehand, and which are viewed as well known and stable.
Furthermore, the artifacts are understood through their inferface aspect,
which designates the part that is at play in the relationship with the users;
this is almost a bijection. Designers speak of HCI, and the goal of design is
to ensure, as much as possible, quality in this interaction. Usefulness and
usability are emphasized as criteria that can guide design choices — along
with the other criteria cited above, such as efficiency, comfort, etc. — so that
users can genuinely and easily take ownership of the artifacts.

Some other frameworks exist, and one of those — the instrumental
approach — considers that the approach of designing artifacts by focusing
on the dialogue or exchanges with the interface is overly restrictive. In
this approach, artifacts are regarded as technical proposals, which may —
or may not — become means for action in the activity of workers. In this
chapter, we will use this term rather than that of users, because it relates
to the idea that the use of artifacts is guided by a goal that is both distinct
from and of a higher order than the mere use of these artifacts (Daniellou
and Rabardel, 2005). It is the specific, situated uses that the workers will
make of these artifacts that will allow this potential to materialize. At this
point, these artifacts become instruments.

However, it would be a pity to view the contribution of this approach
only from the point of view of understanding or analyzing the relation-
ship between workers and artifacts. Indeed, rather than just viewing this
relationship as a fact, the goal is to consider the instrumental approach as
a means for the ergonomic intervention itself. From this point of view, it
seems relevant to attempt, as a goal for ergonomic interventions, to design
artifacts that might become instruments.

Thus, analyzing the emergence and development of instruments, on
the one hand, and integrating the product of this analysis in design pro-
cesses, on the other hand, can be viewed as two relevant directions to
propose a constructive view focusing on artifacts and their design.

From artifacts to instruments

The concept of instrument was originally proposed by Rabardel (Rabardel,
1995, 2001; Rabardel and Bourmaud, 2003) and further used by other
authors (Béguin, 2003; Béguin, this volume; Bourmaud, 2006; Folcher,
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2003). In order to describe this approach, it is useful to describe its basic
principles (Folcher and Rabardel, 2004; Rabardel and Waern, 2003).

The first principle of the instrumental approach relates to a proposal
made by Norman (1991) to look at instruments from the “personal view’
rather than the ‘system view”. The system view suggests examining the
worker, the task and the artifact as constituting a system whose perfor-
mance is improved and amplified in comparison to any of these three com-
ponents considered on its own. In this view, the worker alone is considered
a component whose ability is limited — perhaps too limited. Conversely,
the personal view argues that the artifact changes the nature of the task
and of the worker. The task is then modified and restructured, leading to
an impact on the worker himself. The second principle of the instrumen-
tal approach asserts that the worker and the artifact should not be seen as
symmetrical entities of an interaction within a given system. Instead, they
are in an asymmetrical relationship where the interaction is the work of
the worker himself and is, consequently, intentional. This principle relates
to activity theories, since it considers that artifacts take on a specific place
as mediators of the activity of the workers. This assertion constitutes the
third principle and rests on the work of Vygotsky (1931-1978) and on what
was subsequently known as Activity Theory. Another principle is that arti-
facts are not just objects with a specific form and specific physical proper-
ties. Indeed, artifacts carry within themselves some social and cultural
features (Cole, 1996; Leontiev, 1978; Wertsch, 1998). Artifacts are part of
a history that goes beyond that of a single worker, and includes shared
contributions. Subsequently, and as a fifth principle, these same authors
have demonstrated that artifacts are objects that undergo development.
This developmental view makes it possible to apprehend how the worker
takes ownership of the artifact, viewing this as a process that is obviously
a gradual construction, both in each situation and in the worker’s own
personal history. The sixth and final principle is grounded in the theoreti-
cal approach of situated action (Suchman, 1987): action is driven toward
a goal, and depends on the social circumstances and material resources
that are used. Regarding the specific focus of this chapter, the situations
encountered by the worker influence the activity in a crucial manner. An
activity that is mediated by artifacts is therefore always a situated activity.

Hence, the instrumental approach proves to be particularly useful
in order to account for the relationship between workers and artifacts
(Kaptelinin and Nardi, 2006). It is a particularly elaborate conceptualiza-
tion, which we will describe in greater detail below.

Instrument as a coupling between an artifact and a schema

The concept of instrument, as a proposition, integrates a fully hybrid char-
acter: it is both in part artifactual and subjective (in the sense of what can
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be done by the subject as part of artifact use). It is this coupling between
the artifact and the schema as defined below, which is carried out by the
worker himself, in a specific situation and in pursuit of a specific goal, that
makes it possible to determine the instrument.

The artifact may take on various forms and may be produced by the
worker himself, or by other people for the worker’s benefit. In some cases,
only a part of the artifact will turn into an instrument — such as in the case
of using only some of its functions or some of its display screens.

The concept of schema is derived from the works of Piaget (1952). In
the end, it refers to the concept of ‘use’ as we have used it thus far. Schemas
constitute the means whereby workers are able to apprehend the situa-
tions and objects to which they are confronted as part of their interactions
with their environment. Schemas respond to two different processes:

* Accommodation: Workers may draw from the schemas that they
have constructed throughout the course of their own personal histo-
ries, and transform or reorganize these schemas in order to respond
to the new situations they encounter. Hence, for example, to use new
artifacts, workers will transform their own schemas by operating a
process of differentiation.

¢ Assimilation: The worker may thus apply similar schemas to arti-
facts despite their being very different from one another, and imple-
ment them in a suitable manner as part of a process of generalization.

Schemas present another dual feature. They are also of a private and a
social nature. Throughout their own personal histories, workers will con-
struct their own schemas (through assimilation and accommodation). Yet,
each of them is not in complete isolation, and other workers may take part
through practices aiming to share schemas and to hand them down, for
example, between peers belonging to the same community (Bourmaud,
2006) or to a work collective.

The instrument as a construct

The example below may help us introduce the proposal made here. A
walking stick purchased in a store presents some intrinsic features that
guide the use that can be made of it in a ramble: its adjustable height, its
moulded handle, its strap, the pick that is fixed at the end, etc. all strongly
guide how it can be manipulated and used for support in walking paths.
However, all of us have experienced forms of use that are less expected
for this stick, and yet very practical: using it to pick a fruit by reaching out,
extending the arm and swiping at it can prove quite an enjoyable experi-
ence. The concept of affordance (Gibson, 1979; Norman, 1988) is useful
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here: it refers to the perceptible attributes and properties of artifacts that
make a specific type of action possible.

However, this latter use of the walking stick can be seen in two differ-
ent ways, depending on what value one ascribes to it. One can believe that
it ‘wasn’t designed to be used like that’; it is a form of use that is of lesser
value, since it was not planned or anticipated by the designers, leading to
what has been called a catachresis (Faverge, 1977). Alternately, from a con-
structive perspective, one can see that such uses are an obvious marker of
creativity on the part of the user.

This idea is not a new one, and there are many works that aim, follow-
ing the approach of Activity Theory, to show that the means to mediate
activity are not provided to workers at once (Bannon and Bodker, 1991;
Kaptelinin and Kuutti, 1999; Kaptelinin and Nardi, 2006; Wertsch, 1998).
This reconceptualization of unexpected uses of artifacts thus provides
a fundamentally different approach: the genesis of an instrument takes
place through the worker himself. This view is particularly meaning-
ful for the constructive point of view of the instrumental approach, and
applies just as well to artifacts that rely on sophisticated technology, as the
example at the end of this chapter will show.

Two processes seem to be involved in this instrumental genesis, which
are characterized by their orientation. These are the processes of instru-
mentalization and instrumentation, which both contribute to the develop-
ment of the artifact as well as that of the worker.

The process of instrumentalization

Instrumentalization affects the artifact. It is a process that can be con-
sidered an enrichment of the properties of the artifact by the worker.
This process includes all that bears upon the selection, the grouping, the
attribution of properties and functions, or even the transformation of the
artifact. Here, we can find, for example, the possibility afforded by some
software programs to personalize the interface. But this process goes far
beyond that, since it includes and goes beyond the freedom of use that had
been left by the designers for the workers.

In some cases, instrumentalization does not involve any physical
transformation of the artifact. The example given by Faverge (1977) is
quite well known: the wrench from a toolbox may be used without any
alteration whatsoever to strike objects as with a hammer. This attribution
of functions may be either temporary and related to a specific action or
longer lasting. However, the artifact is very often altered. The use that is
made of it leads to adapting the properties of the artifact to the situation
encountered. Alternately, the artifact might have been designed by work-
ers themselves and undergone, either initially or subsequently, this pro-
cess of instrumentalization — as in the case of making a walking stick out
of a broken branch that one has found lying on the ground.
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Instrumentalization therefore is characterized by the emergence and
evolution of the functions of the artifact and by the evolutions of the func-
tions of the artifact that are carried out by the worker himself.

The process of instrumentation
The process of instrumentation affects the schema or schemas of use, and
deals with their emergence or evolution. Instrumentation is therefore ori-
ented toward the worker. It is a process of development of instruments
that plays out at a level that is internal to the worker; it is the result of a
construction that is the worker’s own doing.

Rabardel (1995, p. 143) notes ‘the gradual discovery of the (intrinsic)
properties of artifacts by the subjects is also accompanied by the accom-
modation of their schemas, but also by changes in the meanings of
the instrument, resulting from the association of the artifact with new
schemas’ (our translation). Drawing once again from the same example,
the scheme of ‘striking an object’ appears to be potentially associated
with the wrench because of its properties, notably the fact that it has a
mass at the end of a handle.

Thus, instrumentation also includes, in addition to the genesis of
schemas, the dynamic processes of accommodation and assimilation that
we have addressed above.

The development of instruments: A summary

The development of instruments can — and must — represent a relevant
view for apprehending the relationship between workers and artifacts in
an original way. This would account more fairly for the role played by the
worker in the dynamic processes involved than does the view centred
on interactions with artifacts. Here, we consider the worker at an indi-
vidual level, but also at a level that is inscribed socially and collectively,
a subject that bears a history and experiences, but who is placed in situ-
ations that are constantly renewed — and that are, themselves, more or
less similar to situations that are already known — and who uses artifacts
with specific properties — whether these properties are particularly rigid
or not — through what he or she knows or thinks he or she knows, he or
she can do with those artifacts (uses and potential uses) as a part of a final-
ized activity.

In favour of designing artifacts in an
instrumental perspective

Instrumental genesis, described above, appears as something that is
not only necessary but also unavoidable. Indeed, it could be viewed as
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a continuation of design, as the extension, within activity — taking into
account its temporal features and its complexity — of classical design
processes; the worker is then viewed as a ‘designer in use’. Suggesting
an encounter between these two design processes — design for use and
design in use (Folcher, 2003) — makes it possible to open up some origi-
nal and relevant prospects for designing artifacts with an instrumental
approach. This will be the second orientation of the argument described
in this chapter: the development of instruments is not just a process that
is expected and observed, but it is also a goal and something that can be
accompanied as part of a design project.

One explanation for the continuation of design in use lies with the
fact that artifacts may be badly designed (Henderson, 1991; Thomas and
Kellogg, 1989). Many of these design defects might, for example, be tied to
the fact that designers have a relatively weak model of the worker.

The second explanation is that anticipation is obviously limited,
because of the diversity of the workers’ characteristics and the variability
of situations. The goal of design then becomes anticipating more precisely,
or offering a greater level of flexibility.

Some practical suggestions can be made to improve the design of
artifacts:

* Providing workers with some room for manoeuvre by anticipating
‘spaces of future possible activities’ (Daniellou, 2004)

* Providing workers with artifacts that cannot be modified — or that
can be modified, within the limitations set by designers, or alter-
nately, that can be transformed following new perspectives from a
functional point of view (Henderson and Kyng, 1991)

e Providing users with artifacts the design of which can be finished,
based on boundaries that are set in design (Vicente, 1999)

* Readily providing artifacts that workers will, through their use,
question and make evolve, either alone or in a collaboration with
the stakeholders of design (Bannon and Bodker, 1991; Bodker, 1991)

The two explanations we have pointed out above rely on the fact
that it seems impossible to anticipate all the possible uses of an artifact.
However, the problem may not lie here.

Indeed, in the instrumental approach, design in use appears to be
an intrinsic feature of the constitution of instruments. It is a process of
design, but a process that this time is carried out by a worker involved in
an activity. The processes of instrumental genesis do not reflect failures
of design, but a stage that is necessary for taking ownership of artifacts,
and for the development of these artifacts (Bannon and Bodker, 1991).
This idea of incorporation can be viewed as a powerful driving force for
the design of artifacts. The proposal of an instrumental approach is to
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open up a process that comprises loops, in order to start up a motion to
integrate ‘design in use’ in the evolution of artifacts. This proposal of a
loop can therefore be distinguished from a classical process model, where
design and use are separated in time, and where the use stage is intended
to be only the implementation of the artifact. On the contrary, what we
have here is a reinclusion of the processes of instrumental genesis within
the ‘overall cycle of the design of an artifact’” (Rabardel, 1995, p. 164, our
translation). Thus, design appears to be a distributed process: professional
designers and worker-designers both contribute to the process, taking
into account their skills and their roles (Béguin, 2003; Bourmaud, 2006;
Rabardel, 2001).

The model thus suggests that it can ground itself in the knowledge
of the development of instruments to provide input for the design pro-
cess — particularly in the form of an iterative design process. The model
is entirely geared toward development. The final part of this chapter will
provide an illustration of the model.

From instrumental genesis to (re)designing artifacts

The work we conducted and report was carried out within a television
company in charge of broadcasting radio and television stations at the
national and international levels. It aimed to design a new system to
supervise networks. Supervision consists in ensuring the quality of broad-
cast networks and continuity in the service sold to the customers, notably
through the following tasks: detecting breakdowns and anticipating inci-
dents, diagnosing breakdowns, resuming service through remote actions,
starting up maintenance operations, etc. A large number of events take
place on these networks, leading to the setting off of alarms (about 1500
alarms set off over the course of a 24-hour period of work) in the supervi-
sion tool (which we will call SUPERVIS). The workers — or supervisors —
are therefore tasked with understanding and solving the problems posed
by these events and reported by the alarms, and their actions are carried
out remotely through SUPERVIS.

An instrumental genesis

The supervisors must carry out multiple, varied tasks, but it is mostly the
activity related to managing the alarms that will be of interest to us in
this chapter. The process of dealing with an alarm can be divided into
five stages:

1. The alarm is displayed in SUPERVIS’s alarm manager window.
2. The detection of the alarm, i.e. the moment when the alarm starts to
exist for the worker.
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3. The interpretation of the alarm.

4. The processing of the alarm, which can itself be divided into sev-
eral stages — taking into account the alarm, diagnosis, remote action
and resolution.

5. The end of the alarm.

Instrumentation

We will describe here an example of a process of instrumental genesis in
the fourth stage, specifically the stage of ‘alarm resolution’ (Bourmaud
and Rétaux, 2002). Resolution amounts to changing the colour of the alarm
line in SUPERVIS’s alarm manager window. The colour shifts from red or
magenta (these two colours indicate different levels of severity for alarms)
to a more neutral colour, beige. An analysis of the activity of 12 supervi-
sors provided evidence for three kinds of schema involved in resolving
an alarm:

¢ Schema type A: The alarm is resolved immediately following its
appearance. This is generally the case with false alarms, known
alarms and untimely alarms.

® Schema type B: The alarm is resolved after one, several or all of the
stages involved in alarm processing.

® Schema type C: The alarm is not resolved, although one, some or all
of the stages involved in processing have occurred.

Schema types A and B are present in the activity of all 12 supervi-
sors, whereas schema type C was only present in 5 supervisors. One can
therefore define two groups of workers (see Table 11.1): workers exhibiting
schema types A and B (group 1) and workers exhibiting all three schema
types (group 2). We therefore conducted interviews to analyze more pre-
cisely the process of alarm resolution.

One of the seven supervisors in group 1 said, ‘When I am done with
processing an alarm, I have toresolve it ... that’s the rule’. Another claimed,
‘If I don't need to deal with this alarm because I have processed it, then I'll
resolve it so I don’t need to see it anymore ... so that it’s not red anymore ...
and most of all, to see the other alarms come through'’. A final worker states,
‘I need to have a clean screen to see the new alarms coming in’. In fact, it
seems that schema types A and B account for (1) the instructions related

Table 11.1 Composition of the Groups of Workers,
Based on the Schema Types Present in Their Activity

Group 1 Group 2

Schema types present in the activity of the workers A+B A+B+C=all
Number of workers 7 5
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to resolving the alarms (‘resolve alarms once all the required actions have
been performed’) and (2) the ease and speed of detection of incoming
alarms, because of the contrast between the old alarms (which have been
‘beiged out’) and new alarms (which are coloured red or magenta).

The interviews carried out with the five supervisors in group 2 pro-
vide some additional, most interesting information about the process
of instrumentation. One of the supervisors claimed he ‘preferred not to
resolve any alarms to keep them around ... to always have them in sight”.

Before we go on, however, what are the consequences of failing to
resolve some of the alarms on the ‘alarm manager’ window? Two points
should be made here:

1. Unresolved alarms continue to be displayed at the bottom of the screen.
Because the alarms are displayed in chronological order, the more
recent alarms are displayed in the bottom-most part of the screen.

2. When the alarms are resolved, they are displayed above the unre-
solved alarms. Upon arrival, new alarms are therefore displayed on
the screen just above the ‘conserved’ alarms. There are typically few
alarms of this kind (between three and eight alarms for the entire
duration of the workday, for each supervisor in group 2). The activity
of the supervisors does not seem to be hindered by this. There is no
confusion between the unresolved alarms, whether they have been
processed or not. The supervisors act only on new alarms. The verbal
utterances of the workers in group 2 suggest that what is important to
them is to be able to tell alarms apart. Some of the alarms are resolved,
and those that are unresolved remain at the bottom of the screen.

Therefore, the C type schema leads to keeping some alarms grouped
in a specific location. The alarms that are viewed as particularly important
(or critical) are therefore highlighted, which helps to supervise and follow
them. Some other elements seem to confirm and extend this analysis.

First, in-depth interviews and the analysis of work diaries — the docu-
ments where significant events having occurred in the course of work are
recorded — show that there is a correlation between the alarms that are
‘set aside” and those that are recorded in these diaries. The latter alarms,
generally, are alarms that have proven to be impossible to resolve via
remote actions, and in some cases led to setting off a maintenance opera-
tion or specific processing. Approximately 9 out of 10 ‘conserved” alarms
were also recorded in the diaries. Furthermore, because the supervisors
worked continuous shifts, there were handovers and, consequently, some
exchanges of instructions. Many instructions were exchanged between
the two workers, who relayed to one another. Thus, as shown in Table 11.2:
(1) when the worker finishing his shift belonged to group 1, he relied
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Table 11.2 Alarms Processed during the Handover
of Instructions, Depending on the Instrument Used?

Alarms processed during the handover of
instructions, depending on the instrument used®

Group 1 Group 2
Work diary 85% 40%
SUPERVIS 0% 40%
Both 15% 15%
Neither 0% 5%

@ Per group, in per cent of alarms.
b In per cent of alarms.

mostly on the work diary when handing over instructions (for 85 per cent
of all alarms processed), or alternately, both on the diary and on the alarms
resolved in the alarm manager (for 15 per cent of alarms); (2) when the
worker finishing his shift belonged to group 2, he relied on the diary (for
40 per cent of alarms), on the alarm manager screen (for 40 per cent of all
alarms) or on both these sources (for 15 per cent of all alarms).

Finally, we observed one last strong correlation. The C type schema
appeared mainly in the activity of the supervisors with the greatest exper-
tise. We defined two categories depending on their level of expertise,
based on the cross-examination of two parameters: seniority in the posi-
tion and peer recognition. Five of the six workers belonging to the category
of expert workers were also placed in group 2, and conversely, all the work-
ers belonging to the category of nonexpert workers belonged to group 1.

Instrumentalization

SUPERVIS is a system that can only be modified very little. Possibilities
for configuration and customization provided to the workers are mini-
mal. However, supervisors can request adaptations and alterations to
other workers — the configurers — who are in charge of carrying out the
alterations in SUPERVIS, related to evolutions in the organization of the
company, customer requests, the technology used in the equipment, etc.
These requests are typically dealt with by the configurers themselves,
who integrate them within the tool.

The design process

The supervisors’ activity of design in use seems to be mainly geared toward
the scheme component of the instrument (i.e. instrumentation) rather than
toward its artifact component (i.e. instrumentalization). However, the use
of SUPERVIS, which aims mostly to highlight critical alarms, appeared to
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be very relevant in the design team for NEW-SUPERVIS - the artifact that
subsequently replaced SUPERVIS, and contributed to the specifications of
this new artifact.

Recovering design in use

First, it was decided to salvage the product of this design in use, and to
turn it into an intrinsic function of NEW-SUPERVIS. Hence, the design
team agreed on the specifications of a window dedicated to the alarms
that the supervisors deemed were ‘special’. The group chose to call this
window the alarm list. Supervisors may place an alarm in the list (or
remove it from the list), thus benefitting from a function that is new and
powerful to support their activity.

Supporting design in use
The ability of supervisors to tailor SUPERVIS to their own activity sur-
prised the entire design team, including the designers and the workers
themselves. A required space that had been left to the supervisors to con-
figure and personalize NEW-SUPERVIS was viewed by all to be an inter-
esting and useful feature. The team therefore agreed on the principle of
making NEW-SUPERVIS more easily adaptable and customizable. This
perspective follows in part the proposal of Henderson and Kyng (1991),
presented above: to provide workers with artifacts that can be adapted
and modified, as instrumental proposals that they may or may not imple-
ment. The goal is to propose ‘plastic’ artifacts allowing the worker to orga-
nize his own instrumental geneses. Each worker might then be able to
construct his own instrument.

Conclusion

The goal of this chapter was twofold. The first goal was to present a par-
ticularly elaborate approach to the worker-artifact relationship, using
the concept of instrument. The instrument is not only an entity that is
external to the worker, to which he must confront himself from the points
of view of interaction and time (related to a stage of appropriation). The
instrument also points to an element that is internal to the worker, as
an entity that is part of the worker through his activity. The instrument
then emerges as a resource that is developed by workers themselves, to
be mobilized in their environment, for a specific goal. The relationship
between the instrument and the worker seems to act both ways, although
it is initially guided by the worker. Each of the two contributes to trans-
forming the other, transforming oneself in the process.

The second goal related to the very issue of designing artifacts — where
designing artifacts in an instrumental approach may become a stake for
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ergonomic action. This approach of design places the resources developed
by workers as prior constructions, to be put to the service of an efficient,
high-quality (re)design of artifacts.
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The prevention of work-related musculoskeletal disorders’ (MSDs) is a
classical object for ergonomics. It is also, perhaps, one of the most interna-
tionalized topics in the field of occupational health and safety.

Since the 1990s, the world of work has undergone some major evolu-
tions. The various forms of intensification of work, widely described in
the literature, have led to an ‘explosion” of MSDs. What may be termed
‘industrialization of services’ or ‘tertiarization of the industrial world’
refers to a multiplication of constraints in all fields of human activ-
ity. The proportion of French workers performing their job under con-
straints of work rate is increasing (Arnaudo et al., 2010). In addition to the

* In the scientific literature, MSDs refer mostly to pathologies of the upper limbs. Because of
the proximity between aetiological processes and the means of action on the work envi-
ronment, pains in the lower back and in the neck tend to be included in what ergonomics
refers to as MSDs.
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usual constraints of the industrial world, one can also find constraints
from the service world (quality, relations with customers and providers,
audits, tailored services with low delays, etc.). In the world of services,
the individualized evaluation of work imposes growing quantitative
requirements that mistreat the service relation itself — and consequently
mistreat its agents. MSDs today represent more than 80 per cent of occu-
pational diseases in terms of compensations received.

In the 1980s and 1990s in France, as in other parts of the world, the
dominant approaches to the prevention of MSDs focused on the biome-
chanics of movement, underlying pathogenic conditions in the solicitation
of the body at work in terms of intensity of posture, duration, frequency
and vibration.

Although these approaches are essential, they have proven to be inca-
pable of ensuring prevention on their own, for two crucial reasons:

* On the one hand, because these approaches focus on the pathogenic
mobilization of the body, the possibilities they afford for transform-
ing work situations have been restricted to designing the ‘proximal
means’ of work (workstations and work tools) and to training work-
ers to achieve correct gestures and postures.

® On the other hand, these approaches have underestimated the mul-
tifactorial character of the pathology. Relations of the pathology
with the other dimensions of mobilization at work have, since then,
been noted by both practitioners and researchers (Bongers et al.,
2006; National Research Council, 2001; Kausto et al., 2010; Krause
et al., 2010; Van Rijn et al,, 2010). Work in epidemiology has also led
to a complexification of the models of MSD aetiology. These models
gradually integrated other factors, which were termed psychoso-
cial and organizational (autonomy, collective support, organization,
workload, etc.). Today, the literature acknowledges the importance
of driving forces for transformation, located at the level of the orga-
nization and of the design of work systems (including the design of
the design process itself).

Activity ergonomics and the prevention
of MSDs: A developmental approach

On one occasion where he described activity theories, their development
and their evolution, Wisner noted that ‘the broadening of the scope of
action is a typical and fundamental feature of human development” (1997,
p- 50, our translation). Further developments later came to enrich and spec-
ify this developmental dimension (Coutarel and Daniellou, 2011): whereas
activity was initially centred on the completion of a job, it gradually
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became a ‘slice of life” where the individual also stakes his or her own
subjectivity in the relation to work (Van Belleghem et al., this volume).

Activity ergonomics (Daniellou, 2005; Daniellou and Rabardel, 2005)
leads us to defend an original developmental position in the international
context of work on MSDs, which is, to this day, largely dominated by a
type of ergonomics that is termed physical.

The general argument that we will make here can be summarized
in the following way: the development of professional activities in and
through an intervention constitutes the main means for the prevention of
MSDs within the scope of ergonomic action.

In this view, the design of workstations, project management, etc. are
no longer goals for the ergonomic intervention, but means to produce
development. In this sense, this is an inverse perspective to the work that
considers the participation of workers as a means to achieve other goals
(Kuorinka, 1997; Wilson and Haines, 1997).

Obviously, we are not the first authors to have placed out work within
this developmental approach to the prevention of MSDs. Depending
on the author, this approach is made more or less explicit. Several works
in the clinical approach of activity, in clinical medicine, in ergology and in
ergonomics have placed this issue of preventing adverse effects on the
health of workers in terms of operational leeway (Coutarel, 2004; Clot
and Fernandez, 2005), hyposocialization of gestures (Simonet, 2011), hin-
drances (Sznelwar et al., 2006), chronic inhibition of subjectivity (Davezies,
2011) and drama of self-use (Schwartz, 2010).

In the tradition of activity ergonomics, this orientation has led to pro-
grams aiming to train the stakeholders of the intervention to ergonomic
work analysis in order to make them capable of updating, whenever nec-
essary, their knowledge of the system and of managing future projects
(Daniellou, 2004; Daniellou and Martin, 2007; Falzon and Mollo, 2009;
Garrigou et al,, 1995). Furthermore, although their work does not deal
specifically with MSDs, our approach also converges with the theoretical
proposals of Rabardel and Béguin (2005) and Nathanael and Marmaras
(2008), whose work on the processes of designing and introducing new
technologies precisely demonstrates the issues behind the joint develop-
ment of professional activities.

Turning the development of professional activities into the main driv-
ing force for preventing MSDs implies some consequences regarding how
prevention should be viewed; the meaning of work to those who carry it
outis at the heart of this approach. Turning prevention into a separate issue,
one that is set aside from work (Coutarel, 2011), significantly reduces not
only the resources that can be mobilized for the transformation of work,
but also the relevance of the measures that are implemented by the stake-
holders themselves. There is no such thing as prevention of MSDs without
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an understanding of activity from the point of view of those who carry it
out. Issues related to performance (quality, customer satisfaction, mutual
aid between workers) constitute some of the central dimensions of this
activity. This position firmly distinguishes the developmental approach
from the hygienist approach, which focuses prevention on reducing the
constraints of exposure. Instead, the goal of the developmental approach
is to develop the resources of agents and organizations for coping with
the everyday challenges of work, to foster the possibility of achieving pro-
duction goals in favourable conditions. There is no other way to explain
why, for example, a cashier speeds up of her own accord when she sees a
large queue waiting, nor is there any way to propose relevant solutions for
prevention. If the cashier must choose between satisfying the customer
and limiting the repetitiveness of her gestures, she will choose quality of
service, because that is where the meaning of her work lies.

We will theorize this developmental approach around two main con-
cepts: leeway and empowerment. In this model, leeway is situational. It
constitutes a space for the regulation of activity, resulting from an encoun-
ter between a system of constraints (external leeway), on the one hand,
and an individual or a collective, on the other hand, in a given work situ-
ation. Empowerment refers to an active relationship between the individ-
ual and his or her environment. This concept is different from leeway in
two ways: temporality and the perimeter of the situations involved.

A situational approach to MSDs: Between
external leeway and internal leeway

In the tradition of activity ergonomics, leeway constitutes a space for
regulating activity. This space is the result of an encounter between the
characteristics of the professional environment and those of the worker(s)
involved (Coutarel, 2004; Durand et al.,, 2008). Leeway reflects the active
relationship between the individual and his or her task. The possibility of
being involved in one’s work constitutes both a means for personal devel-
opment and a condition of performance.

Within the field of clinical studies of activity, whose proximity with
activity ergonomics is well known, the concept of empowerment echoes
that of leeway. This connection is so strong that some ergonomists tend to
switch from one to the other with no particular caution. We will propose
here a model allowing us to describe in greater detail this concept of lee-
way, derived from activity ergonomics, specifically in terms of its connec-
tion with empowerment (Clot, 2008).

This leeway is situational. As shown in Figure 12.1, it depends on the
specific features of the work situation of interest, and it can be characterized:
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® On the one hand, in terms of internal leeway, which is perceived
and constructed by the individual depending on his characteristics
at the time

® On the other hand, in terms of the external leeway, which is con-
structed by the sociotechnical and organizational environment

Internal leeway and external leeway are not independent from one
another. For example, a new skill might introduce a new position, leading
the sociotechnical system to change the rules governing the work of the
worker involved. Conversely, evolutions in the organization may lead to
new possibilities of mobilizing the know-how that has been newly acquired.

According to this model, an ergonomic intervention may contribute to
the development of situational leeway by acting:

¢ On internal leeway (training, mobilization, perception of other pos-
sible futures, perceived state in any given instant, previous pains)
where the subjectivity of agents, which we will define here as
the ability to be affected by the experience of work (Coutarel and
Daniellou, 2011), constitutes a target for the intervention.

¢ Onexternal leeway, which is determined in general by the ability of a
work organization and its related tools to manage variability within
work. There are numerous possibilities for acting on the external
leeway: supporting mutual aid and sharing about work, supporting

=

Internal

Leeway \

I Operational leeway

External /
\leeway /

Figure 12.1 Situational leeway.
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the reelaboration of rules (Caroly, 2010), designing the work process,
the maintenance of installations and equipment, the management
of human resources, forms of management, customer-provider rela-
tions, project management, etc.

The situational leeway thus depends on a circumstantial encounter
between the various determinants of a work situation that make up the
internal and external leeway. To develop leeway implies developing
the resources that are available in the situation — and therefore the pos-
sibilities for the workers involved to respond to the requirements of work
(including those requirements that they set for themselves) in physical,
organizational and social conditions that allow taking into account the
various modes of their mobilization (subjective, cognitive, physiological
and biomechanical). Thus viewed, the development of situated leeway
transforms work, leading, as a consequence, to a reduction in the risk of
exposure to MSD-inducing factors.

Hence, there are many stakeholders that are directly concerned with
leeway within the company: workers, middle management, supervisors
of the various departments and company management. Often, the lack
of leeway for some workers results from the difficulties of other stake-
holders — for example, those in charge of managing the organization and
preserving that very leeway. Thus, inevitably, the prevention of MSDs
involves various actors in the work environment.

There are two consequences for ergonomic interventions that should
be highlighted here:

* Any intervention that would develop the internal leeway of agents
without taking into account the tolerance that is required from the
work environment for this leeway to be expressed (i.e. external
leeway) would lead to producing hindered activity (Clot, 1999), and
thus to increasing the suffering of the workers.

* Any intervention that might develop the external leeway of workers
without developing the ability of the workers to make use of this
leeway would lead to little effective impact on work conditions.

A developmental approach to MSDs:
Between leeway and empowerment

The developmental perspective may aim to allow the sustained construc-
tion of leeway, fostering an evolution of the worker’s relationship to the
environment, and leading to empowerment. Empowerment thus suggests
a sustained improvement in the scope of action. The ergonomic interven-
tion takes on a developmental perspective, and is then viewed as a means
to foster empowerment. Its scope goes beyond that of the intervention
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The time of the work situation The relationship with work
« Short time » « Long time »

Internal
leeway

Empowerment

External
leeway

Figure 12.2 Leeway and empowerment.

and the construction of the ‘pretext situation’ that is to be designed
(Figure 12.2).

Therefore, situational leeway is included in a relationship with the
work environment — a relationship that it helps to build. Here, empower-
ment takes place within a history, whose time frame and scope go beyond
that of the work situation. Thus, a situation with no leeway does not nec-
essarily entail a reduction in empowerment. A situation with increased
leeway may contribute to the development of empowerment, but this
development also depends on many other work situations and life situa-
tions within his professional environment.

Conversely, the development of empowerment leads to considering
that change is necessary — including for situations that had previously not
been taken into account. In this sense, empowerment fosters the creation
of new leeway. It is the perception of other possibilities that turns the situ-
ation into an unbearable one (Sartre, 1943).

By radicalizing this position, the intervention project becomes a pre-
text to introduce sustainably into the system, new relations for negoti-
ating the work environment that are more supportive of the expression
of subjectivity in work. In this sense, the intervention is a political tool
(Hubault and Bourgeois, 2004). Empowering workers implies durably
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strengthening their ability to influence their work situations and renor-
malize the professional environment (Schwartz, 2010). Switching from
the goal of developing situational leeway to that of developing empower-
ment introduces within the ergonomic intervention, on the one hand, the
durable aspects of the relation with the environment, and on the other
hand, the stake of transforming the human relations at work. The goal is
to develop, within the intervention, the ability of agents to transform the
work environment, for the widest possible range of reasons. This implies
knowledge of the company and its workings, its agents, the constraints,
the stakes involved, the work of others, etc. This also implies the creation
of meaning, for which the collective constitutes a key resource (Clot, 1999),
leading the intervention to focus more on the stakes of collective work.

Let us take the example of postural constraints in the upper limb.
The fundamental issue is not to limit the range of situations where the
worker will work with arms raised. The fundamental questions are: Why
is the organization incapable of managing the fatigue experienced by the
workers and associated with a job that is carried out with arms raised in
the air? What is the place given to the experience of workers in managing
everyday work? What are the organizational tools that do not work, for
fatigue to be no longer expressed, managed or anticipated in design? The
development of empowerment serves the prevention of MSDs if it contrib-
utes to increasing the power of experience in managing work, managing
it in everyday settings and managing its projects. We argue that the tools
considered here are mostly of a cognitive nature; the issue is to develop
the ability of the organization to apprehend work in all of its complex-
ity. This organizational ability is a truly political ambition with respect
to work, which must be supported by management tools, and for which
these tools cannot substitute.

From this point of view, MSDs are only one of many possible symp-
toms of an organizational malfunction; work organizations and those
who manage them are in the forefront when the issue is to interrogate the
leeway of the agents. From this point of view, MSDs reflect an inability
of the agents of the organization to manage the various stakes of work in
various moments of life at work. This inability manifests itself in modes
of organizational management that do not take into account the work
activity and, in particular, its subjective aspects (Coutarel and Petit, 2009).
The intervention is an opportunity to contribute to the development of
the activity of various stakeholders: workers, designers, decision makers
and staff representatives (Barcellini et al., this volume). From this point
of view, it is beyond doubt that the topic of MSDs loses much of its speci-
ficity, in relation to other topics of occupational health and safety, such
as psychosocial hazards (Coutarel, 2011; Petit et al., 2011). Here, therefore,
the ergonomic intervention is an opportunity — a pretext? — to the devel-
opment of professional activities (and hence of individuals) destined to
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foster the sustained development of the ability of organizations to man-
age work and its unforeseen events. This is an a maxima vision that we
will propose for the prevention of MSDs and the role of ergonomics. The
goal is not just to reduce constraints or exposure to risk factors, as is most
often suggested in the international literature. It is a change in paradigm
where prevention rests first on the development of agents, through the
development of their professional activities.

Design situations are, no doubt, privileged moments to develop empow-
erment in agents. The distinctive status of the design project affords easier
opportunities to implement innovative forms of management, whose rel-
evance must then be demonstrated, along with their implications for proj-
ect management, where the wealth of the organization lies not so much in
its concrete form — whatever that form may be — but rather in its ability to
evolve in a context of constant change.”

Materializing this ambition of developing empowerment in the ergo-
nomic intervention probably implies forms of ergonomic intervention that
are related more to ‘having the organization do the job” and ‘supporting
the change’ rather than ‘doing it on one’s own’, which would imply that
the agents of the organization would be capable of deciding a change in
organizational management beyond the scope of a project. This type of
expertise in ergonomists is grounded in the idea that the project con-
stitutes an opportunity to try out other ways of thinking about work,
conducting change and managing everyday work. It suggests a strong
commitment of the company stakeholders in the intervention. Eliciting
the scope of the intervention (i.e. the development of situational leeway/
development of empowerment) must make it possible to justify the added
requirements requested from the agents of the professional environment
as part of the intervention.

The general postulate can be specified through the following model:

1. The development of professional activities in and through the inter-
vention constitutes the main driving force of the prevention of MSDs
for ergonomic interventions.

2. The ergonomic intervention contributes to the development of pro-
fessional activities through the deployment of leeway in work situ-
ations. This leeway is the product of an encounter between external
leeway (the plasticity of the work system) and internal leeway (abili-
ties of individuals). It aims to support, in satisfactory conditions, the
completion of performance goals by the workers.

" We have in the past used the term enabling organization (Coutarel and Petit, 2009), echoing
the concept of enabling work (Falzon and Mollo, 2009).
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3. Theway in which the ergonomic intervention is conducted may produce
effects on the agents involved that go beyond the confines of the initial
situation. The sustainable alteration of relations with the professional
environment, fostering a greater ability of subjectivity to influence the
course of work, contributes to the development of empowerment.

Case study: An ergonomic intervention
in the food processing industry

The case of an intervention to design a warehouse for cutting fattened
ducks (Coutarel, 2004) is a good illustration of our proposals, since we
were able to reconstruct the history of the company involved over the
course of approximately 10 years.

The company was confronted both with a demand for increased pro-
duction and with increasingly numerous complaints related to MSDs.
Hence, it wished to include ergonomists in a project aiming to design a
new production warehouse, to both respond to its ambition of increas-
ing its production capacity and prevent MSDs. A project management
scheme, involving various stakeholders (workers, middle and upper man-
agement, contractors and institutional stakeholders) was implemented.
The duration of the project was 2V years, starting with the early analyses
of work situations in existing situations, up to the implementation of the
new systems. The design of the new technical systems and new modes of
work organization (both for the management of everyday work and for
the management of the project) led to obtaining positive results for the
health of the workers (assessed through a clinical examination by the occu-
pational physician and through questionnaires) and for system perfor-
mance (evaluated using the company’s performance indicators). In terms
of performance, results exceeded the initial goals and divided the time
before return on investment (ROI) by 3. Faced with this result, the com-
pany decided — in spite of our warnings — to buy the same production
line from the supplier, to implement it in its other production site. On this
second site, the expected goals in terms of performance and health were
never achieved.

A few months later, the company encountered some financial difficul-
ties, leading it to impose new standards for production and work organi-
zation. These standards questioned the design trade-offs that had been
made previously as a part of the ergonomic intervention. The situation of
the workers was disrupted, leading to a new surge in MSDs. In the end,
the experience of the workers in the course of the ergonomic intervention
made it more difficult to return to more traditional standards of opera-
tion, with respect to the usual practices in the industry (production rates,
product per worker per hour ratio, etc.). Returning to the company some
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years later allowed us to notice a new reversal in the situation: the agents
who had been a part of the initial ergonomic intervention, who were all
still present in the workforce, had been able to take advantage of or cre-
ate modes of work that were close to the trade-offs that had been made
originally, while also developing projects following the principles of proj-
ect management that had been tested in the initial intervention (Dugué
et al., 2010).

Although we would not want to draw some overly generalized prin-
ciples from this case, we are nevertheless led to believe that the process of
involving these agents:

1. Allowed the development of leeway for agents in the work situations
that had been covered in the initial projects. Results proved to be
positive in terms of health and performance. The failure to achieve
the same results in the other production site, in spite of implement-
ing the same tools and procedures, highlights the importance of the
intervention process, compared with the technical and organiza-
tional specifications that are produced in the design project.

2. Fostered sustained transformations in the way stakeholders envi-
sioned their everyday work and the conduct of organizational
change, thus contributing to the development of their empower-
ment. This allowed the agents to once again mobilize their resources,
in new work situations, and in new projects, where new situational
leeway was created. Leeway is therefore both a condition and a con-
sequence of empowerment.

3. This development of empowerment affects individuals. This may
involve uncomfortable or critical stages.

The external validity of the model centered
on leeway and empowerment

The external validity of the model can be apprehended through three key
criteria: the evolution of aetiological models, the changing features of cur-
rent work situations and the context of the knowledge economy.

The evolution of knowledge regarding the aetiology of MSDs cur-
rently emphasizes the relevance of a global and systemic approach to
work, where the forms of mobilization of agents in and through the inter-
vention have a decisive impact on the results achieved, in terms of both
prevention and performance of the system considered (Petit and Coutarel,
this volume).

Indeed, it seems that the international consensus is set on the follow-
ing two points:
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e The complex and multifactorial nature of the processes leading to
pain, justifying a multidimensional approach of the prevention
intervention. This intervention should cover the entirety of the work
situation and the company, in order to allow envisioning a simul-
taneous, coordinated action on constraints and their determinants
(Dempsey, 2006; Kennedy et al., 2010; Laing et al., 2007).

* The relation to work, justifying interventions in the real-world work
environment (Da Costa and Vieira, 2009; Ijzelenberg et al.,, 2004;
Ostergren et al., 2005; Punnett and Wegman, 2004; Wells, 2009).

The constant change of work situations (flexibility, reorganizations,
low job security, modes of production management, etc.) (Dugué, 2006)
is such that the benefits of technical interventions aiming to reduce the
physical constraints of the work situation are increasingly short-lived.
This new feature of contemporary work obviously leads to ergonomics
readjusting its scope out of necessity. What is the return on investment of
investing in ergonomics, if its contribution is limited to designing work
situations whose characteristics evolve increasingly quickly? Already,
Kuorinka (1998) emphasized the need for ‘quick and flexible strategies” as
a direct consequence of the constant changes of production environments,
to improve the prevention of MSDs.

The context of the economy of knowledge described by Foray (2009)
might, today, foster a renewed interest for integrating human factors in
the management of organizations, where the worker — including his sub-
jectivity — is apprehended as the primary resource (Lievre and Coutarel,
2013). Indeed, the system used for the economic valuation of work influ-
ences the way in which ergonomic recommendations and prescriptions
are received, as well as their very nature (Hubault and Bourgeois, 2004).

Current and future epistemological challenges

It remains quite difficult, even today, to ensure that the results obtained
through a developmental approach to the prevention of MSDs are recog-
nized by the international community. The main obstacle to this seems, to
us, to be of an epistemological nature (Coutarel et al., 2005): in the face of
an epistemology where the dominant view lies with the control of factors,
complex interventions (Champagne et al., 2009) that rely on an epistemol-
ogy of complexity find it difficult to exist. As evidence, one need only
examine the work that is mentioned in reviews of the literature on the
subject, and notably the selection criteria that are used: randomization,
control group and statistical validity (Driessen et al.,, 2010, 2011; Rivilis
et al., 2008; Roquelaure, 2008; Tuncel et al., 2008).
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A large-scale epistemological work is now required, so that the lit-
erature reviews, which serve as a means to define the state of knowledge
regarding the effectiveness of interventions, might include the results of
our work: to develop a model for the assessment of complex interventions,
grounded in an epistemology of complexity, which might specify the
operational conditions required for the production of knowledge based
on complex cases. The lack of detail in descriptions of such interventions
(Cole et al., 2003) and the diversity in the modes of description of these
interventions are obstacles to generalization (Denis et al., 2008; Kristensen,
2006). Only upholding this level of epistemological strictness can lead to
methodologies derived from fields other than epidemiology to take their
place in systematic reviews of the literature, without being viewed as too
weak (Neumann et al., 2010).
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Activity ergonomics has developed, over the past 30 years or so, an approach
to supporting design projects that combines ergonomic work analysis,
a participatory approach and the simulation of work (Daniellou and
Rabardel, 2005). It can be reported that this approach, when specific condi-
tions are present, contributes to the development of activities, and not just
to designing the solutions that are expected in the project. It thus allows
the workers to take ownership of these solutions and to implement them,
but also their control by other stakeholders in the company. This contrib-
utes to strengthening the sociotechnical system and the social relations
as a whole.

187
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This constructive dimension is not just a positive effect induced by
this approach; it should be considered a driving force of the ability of men
and women to cope with changes in their work situation, when they can
actively contribute to designing this situation. The simulation of work
plays a key part in this process.

The constructive dimension that is considered here focuses notably on
the following:

¢ The development of activity and skills in workers throughout proj-
ect management, allowing these workers to partially control these
situations before they are even deployed.

* The development of designers’ activity, through an anticipated con-
frontation between their proposals and the ongoing work in the real
world, in the course of the design process itself.

* The development of the decision-making function, which is often
made up of a set of stakeholders (company management, project
management, human resources, etc.). These stakeholders must take
on both a hierarchical role with respect to the populations involved
in the project and the role of a contracting authority with respect to
the designers.

e The development of the activity of staff representative institutions,
who may find in the simulation of work a means to shift and restruc-
ture social relations.

This development does not operate in the same way for each of the
agents taken individually. It is created in the meeting of ‘worlds’ (Béguin,
2003; Béguin, this volume), which this approach proposes, and which pro-
vides input for mutual learning between these stakeholders.

We propose here that this constructive dimension should become a
clearly stated goal for ergonomic interventions in project management.

We first remind the reader of some perils of projects conducted with
little reference to work in the real world. Following this, we describe the
principles of an ergonomic approach to the conduct of design projects
that has been developed in activity-centred ergonomics since the 1980s.
Finally, we present:

¢ The known effects of simulations on the development of the activity
of each of the stakeholders and on their relations with one another.

® An argument in favour of a position emphasizing an ergonomic
approach of conducting projects as a constructive process.

® The need to pursue the evolution of the initial project of ergonomics,
which focused on fitting the job to the human being, broadening
this goal to the development of activities.
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Perils of a poor integration of real-world work
in project management

Numerous investment or reorganization projects lead to disappointing
results, whose usual symptoms are delays in implementation and failure
to complete the project within the budget because of the subsequent need
for adjustments or the difficulties of workers to master the new system,
an insufficient rate of operation (Wisner and Daniellou, 1984), long delays
before achieving the target mode of operation in terms of quantity and
quality, and sometimes, serious accidents.

An analysis of these malfunctions often reveals dual failures on the
part of project management:

® On the one hand, the structure of the project itself is often at fault: a
weakness in the political management of the project and in the defi-
nition of project goals; a weak presence of operations managers in the
projects; supervision of the projects by engineering approaches that
focus on the technical dimensions of work and underestimate the
importance of aspects related to the population of workers, the orga-
nization of work and training; a lack of regular interactions between
the definition of the will behind the project (contracting authority)
and the search for solutions (main contractor) (Martin, 2000); the par-
tial and late nature of information and the consultation of the staff
representative institutions; and a very late discovery of the project by
the people who will ultimately have to act in the new system.

® On the other hand, ergonomists have highlighted the ineffective-
ness with which human work is taken into account in design deci-
sions. The work that takes place in the organizations that predate
the project is often approached only as a set of prescribed tasks. The
regulations that male and female workers implement to cope with
variability are left out, which may, for example, lead to designing
overly simplistic automation schemes that are incapable of dealing
with situations of variability (Daniellou, 1987). The future work,
which will take place in the new system, is also approached through
a set of prescribed procedures, with the assumption that work will
merely involve the execution of these procedures. The constraints
and leeway related to work activity, the consequences on health and
the quality of production are poorly addressed.

In other words, everything happens as if the prescribers ignored,
in their reflection about the upcoming evolutions, those evolutions that
are related to the activity. Figure 13.1 summarizes the course of project
management with and without consideration of real-world work, and the
hindrance this may cause for the development of activities. The initial
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Figure 13.1 Failures in the development of activities in a mode of project manage-
ment with no inclusion of real-world work.

situation is characterized by a kind of articulation between a prescrip-
tion system and work activities, which mutually influence one another
(Rabardel and Béguin, 2005; Guerin et al., 2006). By ignoring this connec-
tion, designers define a new system of prescriptions that, once it is imple-
mented, is supposed to be mechanically ‘executed”. The perils we have
noted above quickly emerge. Two failures of design projects may then
explain the emergence of tensions related to these perils:

* The inadequacy of the prescribed system: The new system of pre-
scriptions (tools, spaces, rules of organization, etc.) does not take
enough into account the rules structuring activity and its variability.
The result is regulations that are costly to workers.

¢ A lack of development: The activities that are useful to operating
the new system are not well developed enough at the time of sys-
tem implementation. It is often expected that this development will
occur when experimenting with the new system, but the possibili-
ties of such a development are often hindered by the mismatch of
the new system that has been designed with the logic underlying the
activity. Tensions become long lasting.

In the face of the inadequacy of prescribed systems, activity ergo-
nomics (Garrigou et al., 1995; Theureau, 2003; Daniellou and Rabardel,
2005) has developed since the 1980s approaches to design, followed by
approaches to project management, that aimed to foster better interactions
between project stakeholders, a better integration of existing work, and an
anticipation of future work. The section below will present an actualized
summary of this work.
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Project management in ergonomics: An
approach aiming to enrich the project
by taking into account real-world work

In activity ergonomics, design projects are concerned less with defin-
ing the characteristics of artifacts (products, tools, spaces, workstations,
etc.) and more with defining the features of the work situations in which
these artifacts will be present. Indeed, in a work situation, activity is
deployed within a space that is framed by a set of prescriptions: tasks to
be carried out, work spaces, hardware and software, organizational struc-
ture (numbers of workers, types of contracts, formal allocation of tasks,
schedules, rules, etc.), the training programs that are made available, etc.
The design of the work situation then focuses on defining these various
components and the relations between them, in order to allow the deploy-
ment of an activity that is effective and protective of the health of workers.

Project management aims to frame this design project within the
company’, and relies on an approach that is

® Defined at the start of the project.

* Guided by the will to design or transform one or several work
situation(s).

® Socially situated, since it involves a collective of stakeholders, each
bearing different perspectives.

e Structured by an organization and a constrained temporal and
financial framework.

This approach suggests carrying out a reversal in the classical rela-
tionship between ergonomists and designers. Ergonomists should not
focus just on providing input, in the form of recommendations, to pro-
cesses for designing artifacts that are mastered by the designers alone.
They should instead contribute to the implementation of a global structur-
ing approach (see Theureau, 2003, for a synthesis) within the company, in
order to move from a project that is managed based on technical criteria
to one that is managed based on existing and future work. This approach
makes it possible not only to contribute to the design of a high-quality
work system, but also to enrich the very goals of the project. Design deci-
sions are then informed by trade-offs between the various dimensions of
performance (human, technical, economic, etc.), the connection between
them and the stakes related to health.

This approach must rely on an analysis of the project and of work activ-
ities (carried out by ergonomists), on the implementation of a structured,

* The term company refers here to any employing institution (industry, hospital, adminis-
tration, etc.).
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participatory, joint approach (fostered by ergonomists), and on the conduct
of simulations of work — supported by ergonomists — that make it pos-
sible to project oneself in the probable future activity, the formalization
of the results of the simulations, directed toward the project stakeholders
(carried out by ergonomists, collaborating with the project stakeholders),
and support for the project (performed by ergonomists) until it starts.

The stakeholders that must absolutely be involved in this approach of
participatory design are as follows:

e Decision-makers, including a range of stakeholders (company manag-
ers, project managers, human resources). These are the bearers of the
intention behind the project and often exert a twofold function. They
are part of a functional relationship with prescribers (for example, as a
contracting authority) as well as a hierarchical relationship with their
employees, whose situation they elect to change. Because of this, they
play a crucial role in defining the trade-offs between the expected goals
of the project and the effects of that project on the real-world work.

e Workers, whose activity will be transformed in the situations covered
by the project (including middle management).

e Designers, but also, more broadly, any function, whether internal
or external to the company, that is involved in prescribing work
(engineering departments and companies, organizational consul-
tancy firms, etc.), which we will name prescribers.

e Staff representative institutions, which must find a genuine place in the
system being implemented.

This approach is modelled in Figure 13.2. It comprises three main
stages (analyzing, simulating and supporting) that we will describe below.
The simulation of future activity is the heart of this approach.

Analyzing: Constructing knowledge about the project
and work in the real world

Project analysis focuses on the prime intentions behind the project, and
on its stakes (economic stakes, production stakes, stakes related to work
activity), whether these are made explicit or not, and on the project struc-
ture that has been implemented. This project structure ties together a will
related to the future, borne by the contracting authority, and the search
for solutions, borne by the main contractor, on identifying the population
involved in future work situations. Project analysis also covers the data
related to health and system performance. This analysis makes it pos-
sible to formulate a project diagnosis that is geared toward the decision-
makers, and to contribute to structuring and redefining project goals.
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Figure 13.2 (Updated) approach to project management, as proposed by activity
ergonomics.

Ergonomic work analysis is the first stage in the approach of project
management. Its goal is to produce knowledge that is related to work,
that will be useful to inform project choices (e.g. helping enrich the goals,
the structure and the early design choices) and to the continuation of the
process (handing down key elements to designers and conducting simu-
lations). Work analysis is conducted in any work situation that is said to
be a reference situation, whose determinants — whether technical, organi-
zational or social — are relevant with respect to the initial situation, or to
the future work situation. This analysis may produce many outputs: it
contributes to enriching the project, but also aims to generate knowledge
about work that is necessary for continuing the process. The formalization
of this knowledge is directed:

* Toward the decision-makers, who are in a position to make project
goals evolve based on the insights of the analysis.

* Toward designers and prescribers, by formalizing references to help
construct the early design solutions. We will give to these references
a status of prescriptive scenarios.

* Toward the ergonomist, through the construction of libraries contain-
ing characteristic situations of action (Garrigou et al., 1995; Theureau,
2003). These situations account for the variability of situations encoun-
tered by workers, making it possible to identify situations they may
have to deal with in the future. They make it possible to construct
‘action scenarios’ that will be “played out” during the simulations.



194 Flore Barcellini, Laurent Van Belleghem and Frangois Daniellou

Simulating: Assessing and enriching the proposals of designers

Simulations aim, based on an understanding of the current state of work
in the real world, to have the persons involved play out the probable future
work (based on action scenarios) in the conditions that are imposed by the
new prescriptive scenarios suggested by prescribers. Simulating work is
a projective method (Daniellou, 2007) that makes it possible to anticipate
the conditions in which an activity will be carried out, in a given set of
conditions. It makes it possible to assess the proposals made by prescrib-
ers, guiding choices toward this or that prescriptive scenario — scenarios
being represented by intermediary objects (Boujut and Blanco, 2003) — and
fostering their progressive improvement in a series of iterative stages.

Simulations may take place following one of two main modes
(Daniellou, 2007). They can be full scale, for example, by using a proto-
type: workers may then personally experience the improvements that
may or may not be brought on by the new solution. This makes it possible,
in turn, to bypass the defences that may lead stakeholders to think that
it is impossible to improve upon the situation. They can also be a small-
scale simulation (for example, a mock-up). In this case, the activity may
be described verbally (one then uses the term language-based simulation).
However, this kind of simulation runs the risk of simulating the sequence
of tasks rather than the activity. The use of avatars to mediate the activity
(Barcellini and Van Belleghem, 2014) may help with the ‘game’ of simula-
tion, by allowing workers to embody the simulated actions, and contrib-
ute to realistic descriptions of the activity. The simulation provides some
input for the dialogue taking place between workers and prescribers,
and allows the construction of negotiated design solutions (e.g. Détienne,
2006; Béguin, 2003; Béguin, this volume) and trade-offs that experience
shows may be innovative ones. This dialogue takes place at the discretion
of decision-makers (connected with the staff representative institutions)
who must open up or close down specific orientations to search for solu-
tions, depending on the goals pursued by and the means available for
the project.

Supporting: ‘Converting the try’ of simulations

Simulations are at the heart of the ergonomic approach of design. However,
implementing a simulation is not enough in itself to act on the work situa-
tion that is being constructed. The chosen prescription scenarios must also
be validated by the project’s decision-making authority. They must also be
genuinely implemented and deployed upon project launch. This has several
consequences in methodological terms. Approval by the decision-making
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authority implies that the choices that are made, the trade-offs that are per-
formed in design, should be justified with respect to the stakes of the project.
Decision criteria need to be ‘sketched out” in the simulation sessions. The
concrete implementation of the prescription scenarios implies translating
the results of simulations in the form of requirements that can be taken over
by the designers. These formalized requirements are an essential resource
for the work of designers. They make it possible to move forward in the
design of the future system, in its concrete realization, until the beginning
of the project. The approach supports this development by implementing
iterative, increasingly detailed simulations that make it possible to refine
the definition of the system to be designed, until it is launched.

The approach we have presented here has been implemented many
times since it was first formalized. Today, it focuses not just on the design
of technical systems, but also on the design of work organizations (Petit,
2008; Petit et al., 2011; Petit and Dugué, 2012; Barcellini and Van Belleghem,
2014; Coutarel and Petit, this volume). On these various occasions, we were
able to notice forms of activity development, notably in the simulation
stages. From our point of view, these forms of development compensate
for the lack of development that we highlighted in the introduction of this
chapter. Whereas until now, this development has been viewed as a side
effect of this approach, we suggest this development might be seen as a
goal of this approach in itself.

Design projects as opportunities
for the development of activities

Implementing the approach outlined above produces effects that fre-
quently go beyond the initial goals of the project. In particular, one can
observe that equipping the participation of stakeholders to this approach
will contribute both to the design of the future situation and to the devel-
opment of their own activity, in the course of the approach. It also contrib-
utes to the development of the activities of the other stakeholders involved
in this approach: decision-makers, designers and staff representatives.
Because of this, when the conditions are adequately met, this approach
strengthens these functions and the professional relations between them,
both over the course of the project (cooperation in the project) and follow-
ing its operational implementation (cooperation in work). One can point
out that the success of the project relates to the relevance of the choices
made during the project, as much as to the quality of the developmental
processes it helped support.

We will describe below in detail the development processes that we
have observed, depending on the type of stakeholder.
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Development in the activity of workers

The approach we propose locates a particular activity situation, the situ-
ation of simulation (Béguin and Pastré, 2002), between the former situation
of activity and the new situation that is being designed. This transition sit-
uation provides an opportunity for the development of activities of future
users of the system (in particular, various workers and middle managers)
before the project is implemented, whilst contributing to its design.
Figure 13.3 summarizes the progression of this situation of simulation.
As we have pointed out, simulations aim to have workers play out
their probable future work based on the prescription scenarios suggested
by designers and on the action scenarios derived from the analysis of
existing situations. It is both the prescription scenarios and the activity
that are tested. In the first stage, this trial always reveals difficulties, or
even dead ends and disagreements (Béguin, this volume), in the realiza-
tion of the simulated activity. These difficulties do not have any severe
consequences, since they emerge before the solutions are produced (this
justifies the use of the term scenario, since scenarios allow some evolu-
tions). On the contrary, the early revelation of these difficulties — contrary
to what happens all too often in classical design processes — reveals some
shortcomings that may lead, later on, to difficulties in system operation
that could be avoided by altering the prescription scenarios. However,
these difficulties may also reveal a need for the development of activities,
so that workers might better take ownership of the principles of prescrip-
tion that might prove to be relevant. Simulations must here, once again,
allow testing of the forms of appropriation. The scenario might be adapted
to foster this process of development. When carried out in this way, this
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Figure 13.3 The situation of simulation, a mould for the development of activities.
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approach leads to designing a prescription system based on the level of
development that it allows.

This dual motion of development of prescription and development of
activity echoes the process of instrumentalization/instrumentation pro-
posed by Rabardel (Rabardel and Bourmaud, 2003; Rabardel and Béguin,
2005; Bourmaud, this volume) that, in turn, draws inspiration from the
process of accommodation/assimilation proposed by Piaget.

Iterations in this dual movement, which rest on a wide range of char-
acteristic situations of action, lead to the elaboration of a prescription sce-
nario that has been sufficiently stabilized through successive trials. But
they also lead to the elaboration of new forms of activity, which are tried
out by workers taking part in the approach even before the process is
launched in concrete terms. When this occurs, the activity that has started
developing during the simulations may be deployed in the new system,
continuing its development. It is quite common, just before implementing
a new installation, software program or organization, to hear the work-
ers who took part in the approach say they ‘cannot wait to be there” and
express their confidence in the success of the project. This finding is in
sharp contrast with numerous forms of project management where forms
of resistance and mistrust are often observed. However, the simulation
focuses on several prescription scenarios — not just the scenario that will
ultimately be selected. Because of this, it covers a broad space of explora-
tion and experimentation, describing ways of doing work, and opening
them up for debate or even controversy — not just between workers and
prescribers, but also between the workers themselves. Indeed, it is this
very kind of debate, which will focus notably on the criteria involved in
the quality of work, that Clot (2011) calls for in order to set the founda-
tions for ‘well-doing” — something without which no ‘well-being” would
be possible.

Thus, simulations contribute to the construction of a rich experience
of the various scenarios explored, gradually expanding the range of pos-
sible ‘professional gestures’ (Clot, 2011, p. 102). Even if the activity devel-
oped in simulations will continue to develop in real-world situations, it
may sometimes cover a broader range of possibilities than what will be
required in the new situation. Indeed, the situation of simulation com-
prises numerous trials and errors that are subject to collective arbitrage,
and that continue to provide input for the activity in development.

To avoid discrepancies between the workers who took part in simula-
tions and the other workers, it is necessary to design a complementary
training system that, once again, will rely on the implementation of simu-
lations of work, but focusing only on the scenario that has been tested out
and approved. From this training system, one can expect the development
of new activities focusing on the use of the future system, even before its
operational implementation.
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Development in the activity of designers

Designers are invited to take an active part in the simulation. They are
expected to suggest some initial prescription scenarios (and not just a
single solution) based on the reference materials produced by the ergo-
nomic diagnosis, to attend the simulations carried out by the workers, to
discuss and argue their evaluation criteria, and to help make scenarios
evolve toward a better integration of the activity in development. On this
occasion, one can observe some development in the activity of designers.

Designers, who are most often involved in a process with a strongly
technical view that is focused only on the material or procedural aspects
of the system to be designed, are confronted with the activity of the work-
ers and with its possibilities for development. When made visible through
simulation, this activity may, at first, appear as an additional constraint to
them, which would be difficult to ignore. But it quickly becomes the central
issue of design when it emerges as the very condition of system operation.

At this point, a reversal will occur. Whereas they used to be constraints,
the increased requirements related to the recognition of work activity in the
real world become a resource for designers. By providing designers with
tools to imagine new solutions to respond better to the debate between cri-
teria that begins between participants (for example, productivity require-
ments and quality requirements), they constitute a source of innovation for
them (in the sense that an innovation is an appropriation). If the task, as
Clot (1999) points out, is a ‘cooled-down product” of the activity of design-
ers, there is a key stake in testing this activity, as long as it is still ‘hot” with
respect to the activity of the workers that is still in development. It is in
this mould, formed by participatory design and made ‘white hot” by the
simulation of future work, that the mutual learning (Béguin, 2003; Béguin,
this volume) between designers and workers takes all of its strength, and
contributes to the development in the activity of designers.

Initiating this process implies that the activity of design should be
distributed and that the designers agree to share part of the design, nota-
bly regarding:

® The elaboration of prescription scenarios, for which each participant
(workers, managers, decision-makers, staff representatives) can be a
source of propositions.

® The elaboration of criteria for the evaluation of the design system.
These will no longer refer only to the technical validity of the sys-
tem, but will be completed by criteria that are related to the develop-
ment of an efficient and meaningful work activity.

It is quite surprising, from this point of view, to note that the devel-
opment of the activity of designers seems to be dependent upon being



Chapter thirteen: Design projects for development 199

‘dispossessed’ from one part of that activity. Here, the simulation situa-
tion seems to offer an opportunity for designers to reflect upon their own
practice (Schon, 1983), helping them guide their activity toward a greater
relevance of the designed system, with the possibility of moving them
away from their initial models. This may contribute to the renewal of the
profession of engineering, which has fallen prey to the misgivings of proj-
ect management (Charue-Duboc and Midler, 2002).

Development in the activity of decision-makers

The approach contributes to the development of the decision-making
function. It allows decision-makers to realize the primacy — and there-
fore the liability — of the function of contracting authority, which defines
the will related to the future, compared with contractors, whose function
is to identify solutions to implement this will. Discrepancies between
what is wished for and what can be done require trade-offs, through
adjustments of goals and resources. This preeminence must apply to all
aspects — technical, organizational, training related — over the entire dura-
tion of the project, which implies organizing the decision-making activity
with the following:

¢ On the one hand, a team of managers representing various logics
that are all vital to the development of the company (finances, mar-
keting, human resources, quality, safety, environment, etc.)

® On the other hand, a permanent representation of this collective
by a project manager who deals with the everyday interactions
with contractors

The development of decision-making activity implies, notably,
strengthening the acknowledgement of the diversity of logics that need
to be taken into account, of the contradictions between these logics, and
of the interest in the collective construction of trade-offs within the man-
agement team. By confronting technical and organizational prescriptions
with simulations of real-world work, the ergonomic approach contrib-
utes to implementing a restoring force grounded in the real world, and
to avoiding the construction of ‘managerial defences’ such as ‘it’ll work
regardless’. It also helps reveal possible hidden expenses and conflicts
between criteria. But it may also contribute, sometimes, to opening up
new perspectives for organization and management, which would have
appeared to be incongruous or inaccessible, had simulations not shown
them to be viable solutions.

This point may lead decision-makers to alter their strategy for
announcing future projects: rather than waiting for the project to be sta-
bilized before making an announcement, they may consider the early
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announcement of projects that are still uncertain as a positive opportu-
nity to enrich those projects by debating them in the light of the possibili-
ties available to the activity.

An ergonomic approach to project management also contributes
to reinforce the workers” and middle managers’ ‘right to play” as parti-
cipants in the design process. The discovery by decision-makers that
their contribution has led to avoiding major mistakes may facilitate the
implementation of new management practices. This is also the case with
the relations with staff representative institutions.

Development in the activity of staff representative institutions

The ergonomic approach described above also constitutes a trial and an
opportunity for staff representative institutions. It is a trial because it may
come in to question a culture of representation by delegation, where staff
representatives may think of themselves as the only legitimate bearers
of the point of view of employees on the conditions of work. It is also an
opportunity because the results of activity analysis cast a light on employ-
ees not just as being constrained by their work environment, but also as
being fully committed to the pursuit of what they consider to be qual-
ity work (Chassaing et al., 2011; Petit and Dugué, 2012), and as bearers of
unsuspected knowledge. In some cases, this reversal has led trade unions
to explicitly alter their practices regarding relations with employees, seek-
ing to ground these practices in an understanding of work.

The approach may contribute to the development of the activity of
staff representative organizations when there are major organizational
stakes at play, by providing two main tools: a detailed understanding
of the existing activity and a reflection on the future in terms of con-
sequences on future work. A structured process of informing choices
can thus develop in lieu of previous ritual confrontations (Dugué, 2008;
Guerin et al., 2006). “Tracking’ design decisions over the course of them
being formalized also allows staff representative institutions, if need be,
to remind other stakeholders of their importance in case they had been
left out of the later stages of project realization.

This development of the activity of staff representative organizations
around the issue of work does not imply that they should not take into
account more dimensions than are taken into account in ergonomic simu-
lations: employment, pay, status, etc. In some cases, it can be noted that
this ‘macro” aspect is nourished by the reflection about work that has been
developed in the project. Such is the case, for example, when negotiations
regarding the size of the workforce rely on the action scenarios used in the
simulations to ensure that the staff will be in sufficient numbers to cope
not only with normal situations, but also with incidental ones.
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Conclusion: From the adaptation of work
to human beings to the development of activity

Acknowledging the development of activities as a part of the ergonomic
approach to project management (and more generally, as part of any work
situation) is one aspect of an evolution of the foundational project of ergo-
nomics, whose goal was ‘adapting work to human beings’. This view was
initially reflected in the original orientations of the Ergonomics Research
Society in 1949, under the heading of ‘fitting the job to the worker’
through the search for a match between work and the psychological and
physiological characteristics of the human being. This orientation is also
reflected in what Hubault and Bourgeois (2004) have called ‘the ergonom-
ics of tasks’, with the development of ergonomic guidelines that could be
applied directly to the design of work systems”.

Around the same time, ‘activity ergonomics’ was developed (mainly
in French-speaking countries, but also in Scandinavian or South American
ones), which highlighted the active contribution of workers to the comple-
tion of tasks, considering the inescapable variability of real-world situ-
ations. This activity ergonomics, which was originally focused on the
understanding of work, changed its orientation in the 1980s toward tak-
ing into account work activity in project management, as described above.
The stake of this approach is to spaces for future activity (Daniellou, 2007)
that leave some leeway for workers to manage their activity — or even pos-
sibilities for the continuation of design in use (Rabardel and Béguin, 2005).

The prospect of ‘constructive ergonomics’, then, is to broaden the con-
cept of adaptation or fit to that of the development of activity. The goal
of ergonomists is to contribute to the design of work situations that will
serve as a starting point for the development of the activity of the men
and women who are the stakeholders of the project. To allow this develop-
ment to start early, in the design of work situations, and in so doing, turn-
ing the criterion of the construction of experience (through the simulation
of work), a criterion to assess the solutions produced by the prescriber-
designers may prove to be a strategic choice for ergonomists.

This prospect would, no doubt, call for strengthening research
programs, concerning both the learning that is involved in the various
stakeholders in project management (including the ergonomist) and
the practical methods and practices for intervention that may support the
development of their activities.

* This dynamic approach was developed in the United States under the term human factors,
and in the United Kingdom under the term ergonomics. The convergence between the two
terms was reflected in the change in the name of the Human Factors Society, in 1992, to
the Human Factors and Ergonomics Society, and by the change in the name, in 2009, of the
British Ergonomics Society to the Institute of Ergonomics and Human Factors.
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Current organizations, in becoming dynamic and immaterial, must be
capable of responding to the needs of the market through their ability for
adaptation, improvement and innovation (Devulder and Trey, 2003), and
not just through their productive ability. Although in the past, the stabil-
ity of work systems led to learning by repetition, and the development of
skills and knowledge, in both individuals and collectives it was a more
or less random outcome of work; today, being able to learn from singular
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cases and develop individual and collective knowledge is a requirement
of performance.

We assume that each work activity has a productive dimension, directed
toward the worker and the objects of his or her task, which involves trans-
forming the real world (in its material, symbolic and social aspects), and
a constructive dimension, as the worker transforms himself by transform-
ing the real world (Samurcay and Rabardel, 2004; Delgoulet and Vidal-
Gomel, this volume). The time of productive activity follows the course
of the activity itself, whereas the time of constructive activity takes place
in another span, a longer duration of time that goes far beyond action
and focuses on the development of the individual. In this sense, skills
display a dynamic nature, as the results of action are reflected within
activity through ‘evolutions in representations of situations and in their
management’ (Weill-Fassina and Pastré, 2004, p. 221, our translation).

These evolutions of representations are derived, amongst other
things, from situations of reflectivity that make it possible to distance
oneself from the action. This space-time, beyond that of productive activ-
ity, allows workers to prepare later activities, to exchange resources with
colleagues, and to take a step back from what they have just done. Based
on these principles, individuals learn, both individually and collectively,
using the knowledge derived from the results of their own activity. The
rules and knowledge constructed in this way may become an effective
tool to elaborate action, and also benefit organizations.

The development of skills thus combines learning in action with
learning in the analysis of action: ‘it is the connection between these two
moments that is probably characteristic of the construction of professional
experience’ (Pastré, 2005, p. 9, our translation).

The goal for ergonomics is no longer, as it was in the past, to highlight
the knowledge and know-how that is developed through practice. It must
support this motion using appropriate reflective methods. As Amable and
Askenazy (2005) have pointed out, it is at least as important to learn how
to learn as it is to learn (see Six-Touchard and Falzon, this volume).

Such methods pursue a twofold goal of understanding and action.
They aim to provide each person with a better visibility and understand-
ing of the work of others, to homogenize practice or to construct the enve-
lope of acceptable practice, thus fostering the emergence of a collective
culture (for safety, quality, etc.). The issue is to develop individuals and
collectives at the same time.

In other words, the goal is to develop the enabling potential of organi-
zations (Falzon, 2005, 2007) ‘so that they might contribute simultaneously
and sustainably to the well-being of employees, the development of skills,
and the improvement of performance. Every organization has access to a
more or less sizeable enabling potential. However, this potential is often
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underused, unknown, or little known, and sometimes even hindered by
the organization” (Falzon and Mollo, 2009, our translation).

After having briefly defined reflective practice, we will present and
illustrate several methods that allow supporting this practice. This will
open the way for a few of the essential conditions (the ‘golden rules’) to
ensure that reflective practice is indeed a constructive practice.

Reflective practice as a constructive practice
Developing the potential for action of individuals

The idea that action is a source for the development of knowledge is not
a new one in ergonomics. Every work activity comprises a functional, or
productive, dimension that is directed straight to the completion of a task,
and a reflective or constructive dimension, whose object is the produc-
tive activity and which transforms it back, by transforming the workers
(Falzon, 1994; Samurcay and Rabardel, 2004). These two dimensions can-
not be separated and feed off one another.

Reflective activity implies a critical analysis of the activity ‘either to
compare it to a prescriptive model, to what one should or could have done
differently, to what another practitioner might have done, or to explain
and critique it” (Perrenoud, 2001, p. 31, our translation). It can be carried
out at the same time as the activity (through the control and evaluation of
action) through a ‘reflective conversation with the situation’ (Schén, 1983)
or posterior to the activity. In either case, its effects go far beyond the tem-
poral logic of the action in progress. Reflective activity makes it possible to
construct knowledge and know-how that is destined to an eventual future
use and thus contributes to facilitating the execution of a task or to improv-
ing performance (Falzon et al., 1996; Falzon and Teiger, 1995). Indeed,
reflective practice makes it possible to draw lessons from past experience,
through the analysis of what has been done, but also of what was not
done, and what one was prevented from doing (Clot, 2008), what was done
by others. Hence, it develops the potential of workers for action, their abil-
ity for trade-offs, making them increasingly able to respond to the vari-
ability of situations, either as individuals or as collectives.

As noted by Perrenoud (2001), one should make a distinction between
reflective practice and episodic reflection: ‘to move towards a true reflec-
tive practice, this must become an almost permanent position, which takes
place within an analytical relationship with action, that would be relatively
detached from the obstacles encountered or from disappointments....
Reflection is not limited solely to evocation, but relies on a critique, an
analysis, on drawing relations with rules or other actions, whether imag-
ined or conducted in an analogous situation’ (p. 14, our translation).
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We will use the term reflective activity to refer to this form of reflection
on action, carried out outside of the immediate functional framework,
allowing an individual or collective critical analysis of a single work situ-
ation or a family of situations.

In the next section, we describe the main characteristics of collective
reflective activity.

Developing the potential for action of collectives

Collective reflective practice is closely related to ‘debative’ (Schmidt, 1991)
or ‘confrontative’ (Hoc, 1996) cooperation. It rests on the confrontation of
a group of professionals to the work activity of one or several of its mem-
bers, whether or not they belong to the same field of expertise or occupy
the same function in the hierarchy.

The goal of collective reflective practice is to learn from experience:
‘beyond established knowledge, knowledge in action, know-how, malfunc-
tions, “know-not-how” reveal knowledge that should be constructed and
transferred. The goal is to know practices and to switch from knowledge
in action to knowledge of action’ (Gaillard, 2009, p. 154, our translation).

Collective reflective practice takes its place in the lineage of sociocon-
structivist theories, which emphasize the importance of social interactions
in individual and collective learning, being notably close to the theory of
sociocognitive conflict developed by Doise and Mugny (1981). According to
this theory, social interactions are constructive in the sense that they intro-
duce a confrontation between diverging views (Garnier, 2005). This con-
frontation triggers a realization in the individuals, as they discover points
of view that differ from their own. As a result, this leads to questioning the
points of view of each person, which may be a source of ‘cognitive progress’
(George, 1983) through the collective resolution of conflicts.

Hence, just like group deliberation (Manin, 1985; Urfalino, 2000), col-
lective reflective practice is more than the adding up of individual reflec-
tions and has a dual effect, both individual and collective:

* An individual effect, because the perception of different points of
view leads each agent to analyze them with respect to his or her own
point of view, thus broadening, completing or altering it

e A collective effect, because confrontation allows the development of
new knowledge and know-how

Collective reflective practice, beyond the fact that it offers — just like
reflective practice at the individual level — possibilities for the develop-
ment of skills, has two main interesting features.

On the one hand, it offers a space to support exchanges about work,
which contributes to improve the effectiveness of the productive activity,
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either through the definition of a solution taking into account as many cri-
teria as possible (‘Objectifying solutions or making them reliable’ (Barthe
and Quéinnec, 1999, our translation)) or by increasing the number of pos-
sible alternative solutions that are generated in the exchange (Clark and
Smyth, 1993, cited by Hoc, 1996).

On the other hand, it makes it possible to collectively debate the
variability of situations and how that variability may be processed, thus
developing the ability of individuals and collectives to make trade-offs
in order to respond to future situations, both new and unforeseen. In so
doing, collective reflective activity may be a means to foster the produc-
tion and the conservation of a work collective that, by reconstructing the
rules to reduce conflicts between goals, forms a resource for the health of
workers (Caroly, 2010; Caroly and Barcellini, this volume) and for overall
system performance (Daniellou et al., 2011). We might also think that col-
lective reflective activity develops mutual trust between workers via the
development of a work collective.

In spite of these benefits, reflective practice often remains hidden,
unacknowledged or even fought against because it is not ‘immediately
productive’. The goal for ergonomists, then, is to make it visible when it
does exist, or to support its inception when it does not. In other words,
the goal is for this constructive activity to become a productive activity
within the organization. Several methods exist to achieve this, described
in the sections below.

Methods for supporting reflective activity

A number of methods in ergonomics make it possible to encourage the
development of a reflective activity. These methods aim to support a
reflection grounded in action (the activity is the object of analysis), on
action (individual or collective auto-analysis) and for action (to improve it,
to construct new knowledge, and to act on the practice). The main feature
of these methods is that they involve a realization by the worker, which is
characterized by at least two factors (Mollo, 2004; Mollo and Falzon, 2004):

e Workers are located some distance away from the task environment.
This allows them to concentrate on their knowledge and skills that
they apply in the course of their activity.

* By becoming analysts of their own activity or that of other people,
workers elicit what they actually do, why and how they do it. The
goal is not just, therefore, to say what they know, but also to discover
some implicit knowledge and other ways of doing the work.

Workers are therefore viewed both as workers and as analysts. This
constitutes a starting point for reflective practice. This is obviously not
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new in the history of ergonomics (Teiger, 1993; Teiger and Laville, 1991).
However, the two features noted above are at the heart of the methods to
assist collective reflective practice.

The activity that is the object of reflection may be represented in vari-
ous ways (films of the activity, narrations of work situations, reports on
the observation of an activity, etc.). It is useful to draw a distinction, in
terms of benefits and practical organization, between individual and col-
lective methods of confrontation. To do this, we will rely on Mollo and
Falzon (2004).

Individual auto-confrontation

Individual auto-confrontation consists in confronting an operator with
his own activity. It makes it possible to access the logics underlying the
activity and leads the workers:

¢ To realize their own know-how through the description of their
own activity

¢ To elicit the logics that underlie this know-how, which are not neces-
sarily conscious, but which become so in the process of elicitation

Individual auto-confrontation sometimes forms a crucial preliminary
step for other forms of confrontation to latch on to.

Allo-confrontation

Allo-confrontation consists of confronting a worker with an activity that
he or she carries out on a daily basis, but which is being performed by
a colleague.

The expected benefits of using this method are as follows:

* A change of representation, resulting from the fact that the operators
are purposely placed at a distance from their own point of view

® A realization of other forms in which the activity can be performed,
leading workers to realize the features of their own activity in com-
parison to the activity of others

e A critical analysis of his or her own knowledge and know-how, com-
pared with that of other workers

® The construction of new knowledge

Allo-confrontation may be individual, or it may be crossed. The first
kind consists of confronting a worker with the activity of another worker,
without that worker being present (but with that worker’s approval). In the
second kind of allo-confrontation, two workers comment on the activity
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of their respective colleague (this method is also known as ‘crossed auto-
confrontation’; Clot et al., 2000). From the point of view of the comment-
ing worker, the features are the same as those described above. However,
the worker whose activity is being commented on is confronted with the
representation the other worker has of his activity, leading the former
to better justify his knowledge and to elicit some aspects of his activ-
ity that might not have been developed had his colleague not intervened.
Therefore, commenting on the activity of a colleague in the presence of that
colleague profoundly changes the situation and its benefits.

Crossed allo-confrontation is one particular form of allo-confrontation
that typically ends with an exchange between the two protagonists.
Because of this, it brings additional benefits to the method — that is, the
construction of new, shared procedures.

Collective confrontation

Collective confrontation is a form of collective reflective activity during

which a group of workers comments on the activity of one or several of

these workers. The collective is made up of workers who may or may not

belong to the same field of expertise or to the same hierarchical function.
This method makes it possible to

e Elicit the representations of group members.

¢ Construct shared representations and shared knowledge. This con-
struction is the result of sharing individual experiences, allowing
mutual learning.

e Collectively evaluate the various modes of activity realization and
the solutions derived from the confrontation.

The dynamics of the exchange lead the workers to elicit and assess
their own knowledge and know-how with respect to those of the others,
and to construct new knowledge and know-how. However, this process is
not always visible, nor is it elicited: knowledge may be constructed with-
out the worker sharing it with the collective.

Cost—benefit analysis of the methods presented

As we have pointed out above, confrontation methods may be used from
the perspective of understanding or from a perspective of action (Mollo
and Falzon, 2004). The first perspective is directed mainly toward the
analyst. Because they encourage spontaneous elicitation, confrontation
methods allow a finer understanding of activity, and of the individual
and collective logics underlying that activity. The perspective of action
is directed, rather, toward the workers. By commenting on their own
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4 A: Individual auto-confrontation
B: Individual allo-confrontation
C: Crossed auto-confrontation

% (C) D: Collective allo-confrontation

Development of individual
knowledge

Development of collective knowledge

Figure 14.1 A classification of allo-confrontation methods, depending on the
type of knowledge (individual or collective) that they foster.

activity, by being confronted with the activity of their colleagues, or by
having to elicit their own activity to one or several colleagues, the workers
gain a better understanding of their activity, alter their knowledge and
construct new knowledge. In so doing, they transform their own work.

By definition, individual allo-confrontation does not allow the con-
struction of shared knowledge. The potential for individual development
is also restricted, in the sense that the worker comments on his or her own
activity. However, for all the other methods we have presented, confront-
ing workers with an activity that is not their own allows them to alter
their representations and knowledge, and to construct new knowledge
and representations (see Figure 14.1).

Crossed allo-confrontation is certainly the most efficient method for
developing individual knowledge, in the sense that the small number of
participants leaves lots of time for exchanging.

Individual allo-confrontation is the method that has the least poten-
tial for the construction of collective knowledge, as the worker is alone in
commenting on the activity of a colleague.

Crossed allo-confrontation and collective confrontation may be very
efficient methods for developing collective knowledge, with an added
benefit in the case of the second method, in the sense that crossed allo-
confrontation is limited to two participants.

Examples of applications of methods
to assist reflective practice

This section presents a number of applications of confrontation meth-
ods used by ergonomists in various contexts. Their goal is to illustrate
various forms of reflective practice, their specificities and their shared
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features, notably in terms of expected benefits. But they are, obviously, not
the only examples to be used in ergonomics.

Reflecting on practice based on filmed activities

In the studies described here, reflective practice relies on the analysis
of films representing the work activity. The goal is to construct shared
solutions (technical, organizational, etc.) that take into account the reality
of work.

The collective, video-assisted, reflective activities (ARCAVs) devel-
oped by Mhamdi (1998) are examples of this. They take place within col-
lective meetings between workers and the hierarchy. Mhamdi’s study
aimed to analyze accidents with an electrical origin in a large company
for the production, transportation and distribution of electricity, in order
to reduce the occurrence of accidents of this kind. Films were shown dur-
ing the meeting, representing interventions carried out by the workers on
an everyday basis. Some of the films were produced by the workers them-
selves in real-world situations. A group made up of volunteers — workers,
safety engineers and middle managers — met up at regular intervals to
exchange about these situations. The goal is neither to judge the workers
nor to reinforce the safety rules, but to perform a critical analysis of modes
of operation, to discuss the applicability, usefulness and relevance of
rules with respect to the real constraints of activity, and to define pos-
sible solutions for improvement, whether they be technical, procedural
or organizational in nature. The author showed that accidents were rare or
nonexistent at the sites where there was a regular practice of collective
discussion supported by the films of collective activity.

Video was also used as a means to support confrontations during an
intervention carried out within an association of saffron producers, who
wished to capitalize on local knowledge and know-how to support the
renewed culture of that product in their region (Mollo and Falzon, 2004).
This demand led to two major difficulties. On the one hand, producers
learned through trial and error in the sense that they did not have any
local knowledge and it was impossible for them to literally transfer modes
of culture from other countries (because of climatic conditions). On the
other hand, the producers were located very far from one another, and
none of their tasks were performed in co-presence.

Three kinds of confrontation were carried out:

e Individual auto-confrontations with all of the filmed producers, in
order to elicit the logic underlying their activity (gestures and tools
used, strategies related to the time of saffron picking, influence of
early stages, etc.)
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¢ Individual allo-confrontations with the filmed producers and with
the producers who had not been filmed, in order to make visible
the diversity of know-how present in the collective and to make the
producers elicit it

* A collective confrontation gathering the filmed producers, located
remotely from one another

Results allowed the authors to show that individual allo-confrontation
formed a tool to share know-how: examining the activity of other pro-
ducers allowed each producer to access part of his or her knowledge and
know-how. This method, in a sense, allowed producers to compensate for
the lack of a shared location. Furthermore, individual allo-confrontation
constituted a tool for training and learning: confrontation with the activ-
ity of others led the producers to either strengthen their own representa-
tions and know-how or modify them, thanks to the elicitation process it
provoked. Collective confrontation, finally, allowed not only setting off a
process of formalizing know-how based on the analysis of work activity,
but also the producers to realize the interest of sharing individual experi-
ences, taking ownership of video as a tool for analysis and sharing, and
organizing collective sessions of flowers’ pruning (separation of the pistil
of the flower), so that the activity might become a resource for the con-
struction of a collective experience.

A reflection on practices based on nonnominal situations

The two studies presented here illustrate a form of reflective activity rely-
ing on processing nonnominal situations (NNSs), that is, situations that
deviate from the prescriptions or raise issues of application of this pre-
scribed work.

The first study consisted of analyzing the running of multidisciplinary
consult meetings (MCMs) in oncology. These weekly meetings gather spe-
cialists from various specialties (surgery, medical oncology, radiotherapy,
gynaecology, etc.) to propose therapeutic solutions in the case of NNSs,
where therapeutic frameworks are difficult to apply.

Analyzing the activity that takes place in an MCM (Mollo, 2004; Mollo
and Falzon, 2008) showed that, in accordance with expectations, MCMs
made it possible to guarantee the reliability of decision-making, but the
benefits of MCMs go beyond assisting decision-making. The collective rea-
soning carried out in MCMs generates a critical cross-examination of the
various alternatives proposed, making it possible to collectively define the
space of acceptable solutions and the space of unacceptable solutions. Thus,
it makes it possible to delineate the boundaries of the local genre, within
which doctors are free to choose between the available options the option that
seems to best correspond to particular situations and their own expertise.
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In so doing, MCMs are a tool for individual and collective learning,
as professionals are led to take into account a number of new criteria
elicited by their colleagues, and to integrate the rules constructed by the
collective. Because similar problems had been repeatedly dealt with in
MCMs, some rules of circumstantial adaptation become stable rules that
ground the ‘local genre’, that is, the boundary of rules of adaptation that
are viewed as acceptable.

The second study deals with the method of differential judgement of
acceptability (DJA) proposed by Nascimento (2009). This method is one
form of collective confrontation carried out based on written NNS scenarios.

Analyses were carried out in the field of radiotherapy, a specialty
involving multiple professions (radiotherapists, medical physicists,
dosimetrists, x-ray operators, etc.). These analyses showed that when faced
with the same NNS, the judgement of different professionals relative to
the acceptability of the situation diverges (Nascimento, 2009; Nascimento
and Falzon, 2008) in ways that are related to their activity. Differences in
judgement related to discrepancies lead to extensive discussions, which
make it possible to describe the work in the real world, and its constraints,
supporting the sharing of knowledge and the development of individual
and collective skills. As a tool for action, via the judgement of the space
of acceptable practices, the DJA allows professionals to define together
the boundaries of reliability of their work system. Finally, the method
supports the development of a collective: professionals take into account
the possibilities and constraints of their colleagues and integrate them to
define a space of possibilities.

The golden rules of reflective practice

Instituting a collective reflective practice so that it might contribute to the
sustained development of individuals and organizations equates with
organizing the spaces that will make it possible to debate the trade-offs
that are made by workers in order to respond to the real-world condi-
tions of performing the work activity. However, to do this, a number of
conditions must be met, which we will specify here. This is not a com-
prehensive list, but we do believe that failure to comply with one of the
rules described below will prevent the analyst from achieving the benefits
described above. These golden rules do not aim to describe in detail how
the methods used should be implemented in technical terms, but to specify
the boundaries within which these methods may be deemed constructive.

Focusing on the real aspects of work activity

The object of reflective practices must be work activity in the real world.
To avoid ‘drifting’ toward a general discussion about work and life in the
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organization, this practice may be supported by films, pictures or accounts
of situations that emphasize the real conditions in which the work is car-
ried out.

The goal may be to deal with singular situations or, alternately, with
the repeated occurrence of similar situations. The crucial point is that
work should be a focus of debate. However, two main kinds of situations
may be subject to a debate:

e Nonnominal situations, in order to place at the centre of a debate the
contradictions that workers live with while at work (Detchessahar,
2011) and to assess the acceptability of the various possible trade-offs.

¢ Situations that are viewed as significant by the agents, which may
help capitalize the practices that work well (Gaillard, 2009)

A regular and perennial collective

For reflective practice to occur over the long term, reflective practice
implies the existence of a regular and perennial collective. This condition
is determined by three major factors.

First, as we have pointed out above, reflective practice must be regular
in order to deal with a wide range of situations. Furthermore, this regu-
larity makes it possible to protect the collective of work and to maintain
the common frame of reference. Finally, as pointed out by Detchessahar
(2011), discussions that are too far between will inevitably lead to mov-
ing the discussion away from the everyday problems of work and toward
some more general information related to the life of the organization.

Second, the debate regarding work implies the symmetry of relations
between the various members, even though these relations may be asym-
metrical within the organization (Maggi, 2003). This condition is a requisite
for ensuring the freedom of speech of agents and to avoid value judgements.
Indeed, the goal is to understand the activity from the point of view of the
difficulties that workers must deal with, not to reinforce rules or remind
workers of their existence. This implies that when the hierarchy is present,
it should adopt an attitude of understanding, not one of prescription.

Third, reflective practice suggests the voluntary participation of all
the people involved, the existence of well-defined roles, and the long-term
commitment of every participant. Indeed, it is important that the group
be relatively stable and small to ensure proper and dynamic exchanges
(Maggi, 2003), and that it will be possible to follow up on the actions that
have been initiated. This does not preclude the idea of a “variable topology”
of the group, depending on the topics that are being addressed and the
internal mobility of the members, but the composition of the group should
be properly thought out and suited to the object of its focus.
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The joint elaboration and evaluation of solutions

The interesting aspect of collective reflective activity is that it constitutes
a space of confrontation between prescribed work (i.e. the task) and real
work (the activity), as well as between the modes in which the activity may
be carried out. In other words, its goal is to analyze variability — not to sup-
press discrepancies between prescribed work and real work, but to better
understand them and manage them in a way that is conscious and reasoned.

However, reflective analysis must also aim to collectively develop
technical solutions (e.g. purchasing equipment) or organizational solu-
tions (allocation of tasks, schedules, training, etc.), some of which may be
the object of experimentation. This involves confronting the logic of the
workers with that of the other agents in the organization, in order to work
on requisite adaptations.

This dual goal of analysis and action is a crucial condition for obtain-
ing the support of the hierarchy and for taking into account real-world
work in organizational evolutions. However, this does imply some
involvement and some commitment on the part of the hierarchy.

The involvement and commitment of the hierarchy

To allow the sustained development of individuals and organizations, col-
lective reflective practice must have a place in the organization, and must
be encouraged and supported within the organization.

It must be a tool for the organization, one that is supported by man-
agement so that material and human resources can be devoted to it
(Detchessahar, 2011) in such a way that the solutions that emerge from
these reflections can be encouraged and experimented on. Giving such a
status to reflective practice implies that the organization should agree to
exhibit its contradictions and disruptions in order to discuss and defeat
them. As Gaillard (2009) has pointed out in the case of some forms of
feedback on experience, this involves ‘acknowledging that the error that
has been “called out” is a source of progress ... and that such disruptions
also exist close to home. One must be able to bear and discuss this state of
matters’ (our translation).

The effective involvement of managers in these spaces constitutes one
of the ways in which some value can be given to the contents of these
exchanges and to the solutions that are constructed at the level of upper
management (Clergeau et al.,, 2006). In some cases, it may prove useful
and even necessary to train some members of upper management to
the approach of work analysis, so that they are able to host the debates
based on real-world work, and to host the debates based on the reality of
work, and to show the value of the evolutions constructed at the level
of the organization.
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Conclusion

Developing a collective reflective practice so that it might become a source
of progress for organizations leads us to consider this kind of practice as
a managerial activity (Gaillard, 2009; Detchessahar, 2011), to ‘organize the
work of organizing’ (de Terssac, 2002). This implies that the knowledge
that is mobilized and constructed by reflective spaces not only is useful
within the company, but also may serve as a basis for the development of
knowledge or tools that make it possible to transform the organization.
This also implies the need to involve management in the organization of
this action, so that the solutions constructed may be defended at the level
of upper management and lead to concrete transformations, supported
by all of the levels of the organization’s hierarchy (Detchessahar, 2011;
Daniellou, 2012).

The benefits derived from reflexivity and from the implementation of
solutions to improve the conditions of work are not without effect on the
construction of health at work. Indeed, it seems that the construction of
mental well-being might be based upon the abilities that are available and
can be mobilized, that is, the opposite of ‘cognitive misery’. Being of sound
cognitive health implies ‘being competent’, that is, being able to ‘make use
of skills that allow one to be hired, to succeed, and to make some progress’
(de Montmollin, 1993, p. 40, our translation). From our point of view, being
able to debate the constraints and resources of work in the real world fos-
ters the development of skills as noted above, but beyond that, to foster the
development of men and women at work, collectives and organizations.
A virtuous circle is created. Because they are more competent and have
access to favourable work conditions, workers are able to meet the desired
performance. Because of this, they feel better because they work better.
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Organizations: From a static, prescribed structure
to a dynamically co-constructed system

Classical theories describing organizations tend to limit an organization
to its structure, i.e. a hierarchy and a set of rules that should be applied to
achieve desired goals. These theories are at the source of Taylorist orga-
nizations, and are still often present in companies to this day (Petit, 2005).
In such organizations, the individual appears as a cog in the organiza-
tional ‘machine”.

Representations of work organizations have evolved since the 1980s,
under the joint influence of management science, sociology and ergonom-
ics. This transformation of representations has many different sources.

On the one hand, the instability of the environment, coupled with
technological transformations, has led to a greater premium being placed
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on organizations’ ability to evolve and innovate. In this context, the human
capital and processes of sustained knowledge development have emerged
as elements essential to the development of organizations. The model of
human capital, originally proposed by Becker (1964), posits that an orga-
nization’s capital also includes the knowledge and know-how of people
working therein. This capital self-generates through use. Experience
allows each worker to improve his or her human capital. The organization
may then choose to ‘invest” in this capital, to make it ‘fructify’ by pro-
viding conditions that are favourable to its development. This model was
reused in theories of organizational learning (Argyris and Schén, 1978)
and learning organizations (Senge, 1990), all of which aim, precisely, to
develop the human capital.

On the other hand, new models have strongly questioned the struc-
tural view of work organizations. Structuration theory (Giddens, 1984)
and social regulation theory (Reynaud, 1989) have highlighted the impor-
tance of dialectics between organizational structure and the actions that
are carried out within.

Giddens (1986) is one of the first authors to have considered structure
(i.e. rules and resources) and individual actions as the ‘two joint poles of
the same duality’. Structure is, at the same time, the framework within
which interactions take place, and the result of these interactions. In other
words, ‘the structural properties of social systems are both the medium
and the result of the practices which they organize” (Giddens, 1984).

Similarly, the theory of social regulation proposed by Reynaud (1989)
and developed by de Terssac (de Terssac and Maggi, 1996; de Terssac, 2003)
ties together the structural dimension with the practices that are at work
within the organization. In these models, an organization is presented
as the result of constant trade-offs between explicit, official rules that
emanate from prescribing agents or structures, and the rules constructed
on an everyday basis by agents within the organization, which appear
in reaction to prescriptions, and are dependent upon these agents’ own
needs for action, the events that they must face, and the lack of effective-
ness of prescriptions. Thus, the organization is viewed as the product of
constant social dynamics that are internal to it.

Following this view, an organization can be compared with what
Rabardel and Béguin (2005; Bourmaud, this volume) call an ‘instrument,
whereas the structure can be viewed as an ‘artifact’ (e.g. models, software
programs, symbols, rules, etc.) that interacts with the schemes of use that
are developed by operators to cope with the work situations they encoun-
ter. The development of schemes of use in operators, as well as mecha-
nisms of appropriation, allow each worker to tailor the artifact to his or
her own needs and alter it to make better use of it.
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An organizational structure may foster or hinder the development of
new schemes. Sometimes, it operates in such a way that it is difficult to
adapt it through one’s interactions with it. Indeed, articulating the orga-
nizational structure and actions that take place therein is only possible
in specific conditions. Amongst these conditions, the organization must
foster learning via ‘conversion factors’ leading to the emergence of an
‘enabling environment’. We develop these concepts below.

Toward the joint development of persons and
organizations: Enabling environments

Ergonomics has a part to play in the construction of this dialectical relation-
ship, which conveys the need to connect the regulated” organization (i.e.
prescribed processes and procedures) and the ‘managed’ organization
(i.e. the individual and collective actions that reorganize these prescrip-
tions). This reorganization work is only possible if that organization pro-
vides an adequate environment to its agents, that is, if the operators can
access a sufficient degree of freedom to truly make use of the resources at
their disposal.

We will draw here on the work of A. Sen (2009). This author has pro-
posed a theory of justice and freedom that is grounded in the idea of capa-
bilities. The concept of capability relates to the entire set of operations that
is truly accessible to the individual, whether he or she makes use of them
or not. Thus, a capability conveys the effective possibility to make a choice.
Being free implies truly having access to different options. According to
Sen, the goal of public policy is the development of capabilities. Human
societies should be assessed following this view.

The theory of human capital and the capabilities model exhibit strong
ties with ergonomics: work activity allows the growth of skills and knowl-
edge, and individual potential requires a favourable environment to
express itself.

These models have led us to develop the concept of enabling environ-
ment as a general goal in the adaptation of work environments (Falzon, 2005,
this volume; Pavageau et al., 2007). An enabling environment is defined as
an environment that is nondetrimental, nonexclusive, and which allows
people both to succeed in their work and to develop themselves. By contri-
buting to the cognitive development of individuals and teams, an enabling
environment encourages learning and makes it possible to broaden the
capabilities of individuals, as well as their possibilities for action and choice.

Indeed, the mere existence of resources, whether they are internal
to the operator (e.g. abilities, skills) or external (technical and organiza-
tional devices, colleagues, etc.), is not enough. These must be ‘converted’ to
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capabilities via specific systems: the conversion factors (Fernagu-Oudet,
2012a). These refer to ‘the set of factors that facilitate (or hinder) the abil-
ity of an individual to make use of the resources that are at his/her dis-
posal in order to convert them to concrete achievements” (Fernagu-Oudet,
2012a, p. 10, our translation). An enabling environment therefore cannot
and should not define itself solely in terms of the presence of resources.
It must also ensure that it is possible to convert these resources into con-
crete achievements.

This approach has implications in terms of methodologies for ergo-
nomic interventions in organizational design or redesign. In Section 164,
we will present an overall approach for such interventions and illus-
trate it with an example. This approach seeks to build an enabling pro-
cess throughout the course of the intervention itself and, in the longer run,
through the setup and development of conversion factors.

Enabling environments viewed in the light
of organization studies

Using the instrumental approach (Bourmaud, this volume) to redefine
organizations and the conceptual framework of enabling environments,
we will argue here that an enabling environment can be defined as an
environment that can be ‘instrumentalized’, insofar as it is open to adapt
itself and can foster the emergence of an enabling mode of operation.
Following this view, the goals for ergonomics are as follows:

e First, to highlight available resources of any kind and the conversion
factors at play — including those that function negatively, i.e. hin-
der effective and efficient use of these resources, and those which,
conversely, contribute to performance, i.e. allow the mobilization of
these resources.

® Second, based on this diagnosis, to implement a system to ‘start up’
positive and sustainable conversion factors, i.e. processes at the indi-
vidual and collective levels that are liable to sustainably improve
the organization.

Within this framework, the goal is not just to design environments
that are suited and can be adapted to the job — but environments that are
‘debatable’, where the everyday ‘inventions” of agents are discussed and
can be integrated into the structure in such a way that design can go on in
use. Therefore, the goal is to promote a ‘work of organization’ (de Terssac,
2003) in which the organization, viewed as an artifact, is the product of a
continuous activity of rule creation, and where new rules are gradually
integrated to replace old ones.
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Therefore, a ‘good” organization is one that can be suited to one’s
needs. It is an organization that can be adapted to the various situations
that will have to be managed (Coutarel and Petit, 2009; Petit and Coutarel,
this volume), an organization that ‘agents invent every day, as much to
produce a quality service, as to support their exchanges’ (de Terssac, 2003,
p- 133, our translation).

Supporting agents in the redesign of organizations:
Co-constructive analysis of work practices

To consider an organization as something that can be ‘suited to one’s
needs’ means to infer the existence of two processes with important
methodological consequences. On the one hand, operators must appro-
priate the artifact and revise it so as to facilitate its everyday use. On the
other hand, this appropriation is potentially a source of the redesign of
the organization by the operators themselves. This process of redesign
may be facilitated or inhibited, depending on the possibilities offered by
the structure — in particular, by the possibility of engaging in a discussion
about the adjustments produced by the work of organization, using the
design criteria contained within the proposed artifact. These two move-
ments are at the root of an enabling environment. They will have to be
identified and supported whenever necessary.

To achieve this, we propose a methodology that we term ‘co-
constructive analysis of work practices’, which will be described in this
section. Its goal is to implement and support a reflective practice (Mollo
and Nascimento, this volume) based on observable practices. In so doing,
it aims to support the gradual redesign of an organization following a
developmental perspective, and a four-stage framework. The goal is first
to identify existing resources — both individual and organizational — as
well as the conversion factors that facilitate or prevent the effective use of
these resources (stages 1 and 2). Based on this diagnosis, the goal is then
to implement a system to start up positive, sustainable conversion factors
(stage 3). Finally, it is necessary to observe the effects of the approach in
terms of both individuals” concrete achievements and artifact modifica-
tions (stage 4).

The methodology is presented below and illustrated by an ergonomic
intervention carried out within a context of organizational change (illus-
trations appear in text inserts). The company in which the intervention
took place chose to regroup its support functions: the payroll departments
of its various establishments and subsidiary companies had been gath-
ered together in a Shared Service Centre (SSC). A SSC is a legally inde-
pendent entity that carries out some or all of the tasks related to one or
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several of the support functions of the organization to which this entity
belongs (Janssen and Joha, 2006). The goal of this change is to achieve
economies of scale, while allowing operational units — who have become
‘customers’ - to concentrate on their core business. The intervention began
just over 1 year after this change: the SSC was encountering major diffi-
culties, and the organization was going so far as to question its viability.
The human resources department, as well as the managing departments
of some of the customer units, wished to understand how and why the
problems were becoming so severe, and sought to improve the function-
ing of the new organization.

Stage 1: Initial observation of the structure and its possibilities

To start with, the goal is to identify the characteristics of the organiza-
tional structure and its consequences on the work of human operators.
The organization is seen as an artifact; the features of the artifact and
their impact on work activity are analyzed. Interviews with designers
and decision-makers are carried out. Prescriptive documents — and more
generally, any document aiming to manage work — are collected and ana-
lyzed. An analysis of work ‘pre- vs. post-reorganization’ is carried out.
Pre-reorganization analyses can be done in the real world, in sites where it
hasnot yet taken place. They can also be done via retrospective interviews.

THE SHARED SERVICE CENTRE ARTIFACT
AND ITS EFFECTS ON ACTIVITY

Within the SSC, a preliminary diagnosis was carried out in order to
understand the way in which the new organization had been imple-
mented, and to identify its resources and potential.

According to management, the implementation of a SSC had
emerged as a self-evident solution. This model had worked well in
other companies, and the time had come to use it by calling on exter-
nal consultancies and other specialists in these matters. Stakeholders
in the organization had been subjected to this change, and it quickly
led to a number of difficulties, involving both the customer units
and the SSC itself.

It was then decided to clearly divide the units from the SSC. This
division was enforced through signing service agreements. This
implies that customer needs are known beforehand, and that the
supplier agrees to deliver a service following specifications within a
set time, and for a set price (Sardas, 2002). Thus, SSC operators had
become service providers. They were in charge of providing this service
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without the possibility of setting up a proper ‘service relationship’ — as
this relationship had been deemed useless in the model.

The possibilities of choice that operators now have access to,
compared with the prior situation, were analyzed following the
comparative methodology proposed by Sen (2009). Two payroll ser-
vices were studied: one before its integration to the SSC, and the
other within the SSC itself (Arnoud and Falzon, 2012). Results show
that available options tend to be less numerous within the SSC.
Technological change has altered working practices, forcing opera-
tors to process the payroll on the computer screen only, using inflex-
ible tools. Furthermore, collaboration between the customer and the
service provider, as it is organized (dividing up tasks, prohibiting
phone calls), does not, on the one hand, allow operators to organize it,
and on the other hand, prevents the production of a quality payroll.

The model underlying the SSC artifact has led to a strong com-
partmentalization of the activity of payroll managers and to a dimin-
ishing level of flexible resources — thus, to negative conversion factors.

Stage 2: Identifying the processes of redesign in use

Stage 2 consists of identifying the attempts made by operators to ‘suit the
organization to their needs’ and to determine whether these attempts do or
do not contribute to a gradual redesign of the organization. The goal here is
to show, following the perspective proposed by Rabardel and Béguin (2005),
how and in what ways design continues throughout use. These attempts at
reorganizing are signs of the major problems experienced by the operators.
They indicate ‘hindrance areas’, which they aim, more or less secretly, to
bypass or cancel. Interviews and an ergonomic work analysis can support a
data collection process focused on attempts of redesign-in-use.

The set of regulations that we observed allowed us to show that the
SSC, which had been designed by other people, had been redesigned by
agents in the organization so as to facilitate its everyday use. The opera-
tors carried out an appropriation of the ‘SSC artifact’. According to them, a
quality payroll can only be achieved with help from the customer, who is
considered a partner in this activity. This appropriation plays the part of a
conversion factor. Exchanges and negotiations with the customer, carried
out over the phone, allow operators to increase their ability to do better.
The customer is a resource, but had not necessarily been thought of in this
way during the design of the organization. Therefore, discrepancies can
be identified between the uses of the SSC as foreseen during design and
the appropriation of the artifact in work situations. Yet, although these
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THE GRADUAL REDESIGN OF THE NEW
ORGANIZATION BY ITS OPERATORS

As we were identifying a reduction in the number of available
choices, operators developed new uses of the SSC structure, aiming
to introduce ‘enablement” through an extension of their capabilities.
These attempts, in some cases, have led to the alteration of some of
the prescribed principles of operation. Here is an example.

The imposed instructions have not all been upheld by the
operators —in particular, the instruction aiming to prohibit telephone
conversations with customers. This instruction was made more flex-
ible, as managers quickly realized that communication with custom-
ers was a condition of success for the new organization. Telephones
were not withdrawn, and operators did not hesitate to use them
when needed: ‘We're not supposed to talk to our customers on the
phone, but we're fighting for it” (SSC operator).

regulations may have modified some of the principles of the organiza-
tion, the resources of the work milieu and those of the individual remain
separate. Operators wish to call customers, with the shared belief that ‘we
could work better together’. The organization divides up the tasks, limits
the means of communication (the telephone is considered to be a waste
of time) and remains convinced that the development of new tools will
suppress the need for these interactions. Attempts made by operators to
modify their environment so as to convert the customer-provider relation-
ship into an opportunity are viewed by decision-makers as instances of
violations of procedures and are not discussed. They remain insufficient
to support a mutual understanding between the partners and to allow the
construction of a ‘transverse collective’. This type of collective ‘relies on a
work of articulation between agents, and on constant adjustments ... and
implies an articulation between professions’ (Motté, 2012, our translation).
Here, the articulation involves customers (local correspondents) and pro-
viders (operators in SSC), who are led to do different things, but in a coor-
dinated fashion (Lorino and Nefussi, 2007). Thus, some difficulties remain:
interpersonal difficulties, discordant stories, blame attribution, etc.

In the case of the SSC, the structure, as it was initially designed, limits
the possibilities of transforming available resources into effective oppor-
tunities for action and into organizational redesign in use. The wishes of
operators are at odds with the few opportunities afforded by the organi-
zation. This is mostly due to the characteristics of the SSC model and of
the client-provider relationship that has been implemented.
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Stage 3: Co-constructive analysis of work practices

The attempts made by operators to redesign the work organization are
neither easy nor always possible. Therefore, it is advisable to set up a method
that will support attempts at redesign in use — not only by justifying their
relevance to hierarchy, but also by supporting agents. The goal, then, is to
trigger the positive and sustainable factors of conversion identified at the
diagnosis stage, and notably to foster the emergence of a transverse collective.

To achieve this, a method of co-constructive analysis of work practices
may be used. This method aims to start off a debate between the vari-
ous professionals involved in the new organization — in this case, custom-
ers and suppliers. As for methods aiming to support reflective practices
(Mollo and Nascimento, this volume), the goal of co-constructive analysis
is twofold: first, to ensure an improved visibility of the work of others,
and second, to allow the construction of work practices that are accept-
able to all, in order to redesign the organization. This analysis is termed
constructive because it fulfils the following criteria (‘golden rules’; Mollo
and Nascimento, this volume). It focuses on work activity, it is grounded
in the will of and in the attempts made by operators, it aims to develop
new organizational solutions, and it requires managerial support before it
can be implemented and operated sustainably.

The approach we propose is as follows. First, visits of work sites are
organized during which pairs of operators who usually interact remotely
are made to meet (obviously, this requires their prior agreement). The
operator being visited carries out the tasks of the day, while verbalizing
his or her activity and explaining his or her constraints, the difficulties
encountered, the criteria used, etc. The visiting operator observes the
activity and listens to the verbalizations it gives rise to. He or she may
intervene when desired to request further explanations or to provide
these explanations, etc. On another day, the situation is inverted. The vis-
ited operator becomes the visiting operator, and vice versa. The ergono-
mist is present and collects the exchanges between the operators.

Later on, the difficulties identified and the new practices that have
been considered must be debated within work groups involving the
operators who took part in this system, and more generally, the teams
involved, including the close hierarchy.

Co-constructive analysis of work practices combines several methods:

* A method consisting of producing verbal reports concurrently to
the activity (Ericsson and Simon, 1984; Leplat and Hoc, 1981). This
allows subjects to externalize the internal processes that are at work
during action. It makes visible the mental activities underlying sub-
jects” conducts. This elicitation work is useful both for the visited
operator and for the visiting operator, who becomes better able to
understand the activity and constraints of another.
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o A reflective method similar to crossed allo-confrontation, in which

each person is confronted with the activity of his or her partner
(Mollo and Falzon, 2004; Mollo and Nascimento, this volume). One
original aspect of the method is that reflective practice rests here on
the activity of another person in real-world situations — not, as is usu-
ally done, on a recording of this activity. This joint presence allows
subjects to interact with each other as the activity is carried out.

A method of inquiry, in Argyris and Schon’s (1978) sense. This
method makes it possible to set as an object of discussion — and to
resolve — doubts or conflicts related to the joint activity of opera-
tors. These doubts are made visible by a ‘confused certainty that one
could do better” (Lorino, 2009, p. 93, our translation). Recomposing,
for a short time, an activity that is physically performed apart sup-
ports an inquiry and the search for solutions aiming to ‘act better
together’. The visiting operator is faced with his or her partner’s
activity and may reflect on his or her everyday doubts or may be
surprised by this direct observation. The observed situation may not
match with the expectations or representations of the visiting opera-
tor. Exchanges between partners may yield new ways of thinking
and new actions will be discussed. Operators successively take on
the role of an agent (and not of a mere spectator), actively aiming to
understand the joint activity and improve it.

Many benefits can be expected from the co-constructive analysis of

work practices:

* For operators, verbal reports make it possible to ‘talk about work’.

This supports the work of externalization, where activity is rei-
fied and made exterior to the operators (Falzon, 2005). Here, verbal
reports are directed to a partner. Thus, work is made visible and can
be discussed. These discussions can lead to a true work of organiza-
tion (de Terssac, 2003), through the novel and shared reconstruction
of procedures, rules and ways of doing things.

For the organization, the method may lead to the creation of a shared
culture, in the sense that everyone is present in each person’s activ-
ity (Nascimento and Falzon, 2011). This shared culture is a guarantee
of the quality and continuity of service.

Finally, for analysts, the position chosen is quite specific. His or her
contribution is more that of supporting than teaching. The analyst
helps operators extend and deepen their investigations regarding the
organization (Argyris and Schon, 1978). In so doing, the methodology
deployed aims to involve operators in redesigning the organization.
This takes place within the framework of participatory design, whose
interest and effectiveness have often been demonstrated in ergonomics.
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IMPLEMENTING A CO-CONSTRUCTIVE ANALYSIS
BETWEEN THE CUSTOMER AND THE SUPPLIER

In the case of the shared service centres, further observations
suggested evidence of symptoms of a disrupted collective activ-
ity. Numerous discrepancies were observed at the end of the line.
Payroll managers did not have access to the required information in
due time, or received information that was useless and ambiguous
requests, etc. The concurrent observation of their customers showed
that these customers did not have correct representations of the
needs of the payroll managers and could not think of the activity of
the managers in relation to their own. Numerous discordant stories
were identified. This led not to the improvement of the joint activity,
but more to the search for culprits. Each person involved was ques-
tioning the optimal character of this activity, but did not necessarily
have the means to transform it. The SSC structure and its procedures
often prevented the launch of ‘spontaneous inquiries’” between cus-
tomers and providers. Yet, new practices did emerge. Payroll man-
agers did not hesitate to use the telephone, and unofficial meetings
were organized, aiming to better understand the activity of another,
and the effects one’s activity might have on it. The method of co-
constructive analysis of work practices was imagined based on these
emerging practices and on the often-repeated wish of operators to
‘see each other’, ’know each other” and “‘understand each other’.

Instructions were given to every participant to observe the
activity of his or her partner, who was requested to verbally report
his or her activity. The observer could ask questions at any time. The
operators invited to take part in this work all agreed to do so, and
expressed their expectations: “Tomorrow, it'll be interesting for me
as well, because I will see what issues he has to deal with. Because
maybe when I'm doing something, when I'm sending something,
I'm thinking to myself that the fact that I'm not sending this or not
telling him that, might cause problems with his payroll editing’
(SSC customer).

Analysis of the dialogical activities produced during this work
revealed that the participants engaged in a reflective analysis focus-
ing on their joint collective activity (Lorino, 2009). Over the course of
this work, the method allowed, on the one hand, each person to ana-
lyze his or her own activity with respect to their partners’, and on
the other hand, to take part in a collective reflection regarding this
collective activity — aiming to assess it and, possibly, transform it.
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Stage 4: Capitalizing and debating results

The final stage consists of highlighting and debating the results obtained
in the previous stage. The role of the ergonomist is twofold: first, to observe
the effects of coanalysis on the everyday work of the agents involved, and
second, to highlight these effects in order to have managers take over with
running the method. The presentation of the results is an ideal moment
to bring together all of the people involved in this work and to make its
legitimacy recognized within the organization. Co-constructive analysis
of work practices cannot be done without operator participation. But man-
agers should allocate the necessary time and resources to support or sys-
tematize site visits if need be (e.g. in case of difficulties in carrying out the
joint activity, of discrepancies between results and expectations, or of lack
of understanding). The goal of this stage is also to capitalize on the new
practices resulting from these various meetings. Team meetings, where
each person discusses the transformations brought about following the
site visits, may help in the diffusion of good practices and in the transfor-
mation of the organization as a whole.

CONTINUATION AND DEPLOYMENT OF THE METHOD

Following the implementation of this system, new observations were
carried out on customers and suppliers. This revealed the presence
of a ‘shared culture” the operators changed their ways of working by
integrating the needs of their partner. Every operator was reassured
as to how the work of his or her partner was taking place. This led
to the transformation of ‘discordant stories” into ‘compatible stories”.
These meetings allowed the elaboration of a shared vocabulary and
adjustments between stakeholders. Thus, it created favourable condi-
tions for the emergence of a transverse collective. The main results
of the method were presented to decision-makers and management,
and the system is operational to this day.

The method we have developed seems to have supported the
activation of conversion factors. This allowed operators to make use
of the resources of the transverse collective in order to convert them
to opportunities. These opportunities seem to actualize themselves
in the conducts and achievements of the partners involved. Today,
everyone involved has access to more resources to produce quality
work, as it is possible to integrate the activity of partners in one’s
own practice. By approving and supporting the continuation of this
system, management has recognized its interest and legitimacy,
both for individuals and for the organization as a whole.
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The role of the ergonomic intervention in the
joint development of organizations and people

Fitting the artifact to one’s own activity is a means for operators to convert
potential resources into capabilities and to broaden the scope of possibili-
ties. However, this process must be taken into account by the organization.
Such recognition is necessary to provide new resources to individuals and
collectives, supporting the conversion of these resources into capabilities.
In this way, the organization will be able to fully benefit from these capa-
bilities and improve its operation.

Following this logic, the goal is not just to design enabling environ-
ments that are suited and adaptable, but to design environments that are
debatable. Organizational changes are particular moments in the life of
organizations where one can hope to be able to promote the construc-
tion of such environments (Fernagu-Oudet, 2012b). Change is favourable
to learning, provided it ‘consists in designing not a new organization, but
a system of experimentation and learning to provoke and to foster new
modes of operation in the organization’ (Sardas and Lefebvre, 2005, p. 285,
our translation). Yet, few organizations choose to follow this path. Often,
change is imposed on operators in ways that do not support appropria-
tion processes (Bernoux, 2004). It is precisely in such post hoc setups that
ergonomists are most often called to the fore. Their goal is then to detect
resources and factors that foster or inhibit the conversion of resources
into effective possibilities. In other words, the aim is to carry out a reflec-
tion about the constraints and opportunities afforded by the situation
(Fernagu-Oudet, 2012b). From there, an ergonomic intervention can be
constructed, aiming to ‘activate’ conversion factors that might transform
these resources into capabilities.

The goal of an ergonomic intervention aiming to (re)design an orga-
nization is twofold:

® During the implementation of the new system, the ergonomic inter-
vention seeks to develop the capabilities of all the persons involved,
through the elicitation of work, reflective practices and the joint con-
struction of a range of possibilities.

¢ Following the implementation of the system, the capabilities con-
structed in this way express themselves in the achievements or
conducts selected by the operators. For example, these capabilities
may support the integration of each person’s work in the practices
of the collective. As a result, possibilities of ‘doing a good one’s work
well” improve, along with overall system performance.

Thus, the development of individuals and organizations is perceived
as the means and the end of the ergonomic intervention. To achieve this,
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the stance of ergonomists must be threefold: an ergonomist must be a
‘revealer’ of resources, an ‘activator’ of conversion factors and a ‘mediator’
between the various agents in the organization.
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The transmission of incorporated knowledge

This chapter focuses on the acquisition of skills in particular contexts
where the skills to be acquired combine gestural abilities with the col-
lection of precise information on the objects and the tools of work. These
skills are acquired gradually, throughout professional practice, in a way
that is mostly tacit. Workers develop them without necessarily being con-
scious of the fact.

These skills are interesting to ergonomists for two reasons: (1) because
they are key factors in effectiveness and quality of production and
(2) because they include knowledge that is related to self-preservation.
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Therefore, they are related to the two central goals of ergonomic prac-
tice: to ensure operative performance and to ensure the well-being of
workers. Because of this, fostering the development of skills is a goal
for ergonomists.

This goal is confronted with an obstacle: the incorporated nature of
knowledge. Indeed, gestural knowledge feeds off the experience of situ-
ations, off their variability and diversity. They combine with rules that
frame the use of the body, with trade-specific know-how, with pragmatic
knowledge, with typical conducts, with types of reasoning, to form skills
(de Montmollin, 1984). Accessing this incorporated knowledge is diffi-
cult. Observation is not enough, because of the refined nature of abilities.
Collecting information via interviews with experienced workers is very
haphazard; these workers are able to deploy an activity that is effective,
efficient and relevant, but are not conscious of their modes of operation
and the decisions underlying them. Because of this, the transmission of
skills between experienced and novice workers is difficult. In order to per-
form this transmission, tutors must ‘know what they know’, in the case of
both formal tuition and transmission in situations of work. This difficulty
is compounded by the fact that the conditions of transmission are often
sketchy: lack of training for experienced workers, lack of time for tutoring
(Chassaing, 2010).

The question is therefore that of defining the methods that allow, on
the one hand, the elicitation of incorporated knowledge in experienced
workers, so that they might transfer this knowledge to novices, and on the
other hand, the development, in novices, of an ability to analyze their own
gestures so that they might learn more easily.

Following this prospect, this chapter proposes a method to train
experienced workers and novices. This method is grounded in the self-
analysis of work. We begin by presenting the conceptual frameworks that
ground it, then the method itself, its use in two situations of occupational
training, and finally, the conditions for its implementation.

Reflective practice, realization
and conversion factors

The idea that human intelligence is characterized by reflection on one’s
own cognitive operations is not new. In 1923, Spearman referred to Plato
and Aristotle to raise the possibility that having one’s own thought as an
object of thought is crucial in the acquisition of knowledge. Subsequently,
Jean Piaget, in his books The Grasp of Consciousness (1976) and Success and
Understanding (1978), developed a theory of the construction of knowl-
edge from action, considering reflection on one’s actions or realization as
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a necessary process in the acquisition of new knowledge. Piaget argues
that action is an autonomous form of knowledge whose conceptualiza-
tion relies on an internal realization. This is a deliberate and necessary
process that leads to reorganizing knowledge to carry out the elaboration
of experience.

Vygotsky (1986) and the various sociocognitive currents that fol-
lowed highlight the crucial importance, in this process, of the interaction
between one subject and another regarding tasks. He defines the “zone of
proximal development” as what subjects cannot learn on their own, but
may discover with the help of another.

Both Piaget and Vygotsky point out the existence of ‘unconscious
concepts’, or unconscious cognitive elements that are not — and cannot —
necessarily be coded in language. In other words, conceptualization does
not necessarily occur through words.

This issue can be addressed through the model of capabilities pro-
posed by Sen (2009). Sen draws a distinction between capacities — what a
person is capable of doing — and capabilities — what a person is truly able
to do. Capability implies capacity, but a capacity is not enough to gener-
ate a capability. Capability requires both a capacity and some conditions
(organizational, material, social, etc.) that allow the capacity to be used. If
these conditions are met, the capacity can be realized, transformed and
become a capability in a given situation (Zimmermann, 2011). If the condi-
tions are not met, then it cannot do so.

The transformation of a potential resource (a capacity) into an effective
resource (a capability) thus depends on conversion factors, ‘factors related
to the individual and/or the context in which that individual evolves,
which facilitate (or hinder) the ability of an individual to make use of the
resources that are available to him, and to convert them into concrete real-
izations” (Fernagu-Oudet, 2012, our translation). These factors may there-
fore exert a positive or a negative influence. A work situation may be said
to be enabling if positive conversion factors are present, and less enabling
if these factors are absent or if negative conversion factors are present. We
will use the term enabling environment (Falzon, 2005; Falzon and Mollo,
2009; Arnoud and Falzon, this volume) when positive conversion factors
are present.

The situation considered in this chapter may be analyzed using the
enabling environment framework.

* Experienced workers have constructed resources (i.e. capacities)
that allow them to act effectively. However, those resources are
mostly inaccessible to conscience. They are therefore not in a favour-
able, enabling situation, as far as transmitting their knowledge is
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concerned. The question then becomes, how can one help them con-
struct a representation of the concepts they need to transmit that can
be put into words?

* Novice workers do not have the necessary knowledge and must
acquire it. Their most crucial need is therefore to construct the capac-
ity that they lack. The question is therefore that of the cognitive tools
that might facilitate this acquisition in a sustained way — that is, in a
way that outlasts the tutoring situation.

This situation can thus be described in terms of conversion factors.
The goal is to design an enabling environment that will allow experienced
workers to convert their incorporated knowledge into knowledge that can
be put into words and transmitted, and novice workers to convert their
general ability to learn into the ability to conceptualize from experience.
By reusing the terminology introduced by other authors, the goal is for
these novice workers to acquire productive, functional skills, as well as
constructive, metafunctional skills (Delgoulet and Vidal-Gomel, this
volume; Falzon, 1994).

Training for auto-analysis of work

The goal we have stated above requires developing, both in the tutors
and in the apprentices, abilities for reflective analysis, allowing an exami-
nation of one’s own activity. The method we propose here derives from
the hypothesis that the ability to analyze one’s own work is a powerful
tool to support reflective analysis of this sort. Training workers for the
auto-analysis of their work makes it possible to speed up the acquisition
of knowledge and the development of skills by broadening the level of
knowledge and control of the task and the activity (Falzon and Teiger,
2011; Rabardel and Six, 1995; Teiger, 1993; Teiger and Laville, 1991).

Methods for assisting reflective practice, whether they are individual
or collective (Mollo and Falzon, 2004; Mollo and Nascimento, this volume),
aim to help workers realize their own know-how and elicit the rationale
that underlies this know-how. Similarly, the method proposed here for
auto-analyzing work does not aim to enrich the analysis performed by
ergonomists, but to develop the knowledge of work activity and skills in
the worker himself, in the context of incorporated knowledge that is dif-
ficult to verbalize.

This method, which is applied in the context of occupational training,
is intended for both actors of the training in a work situation: the tutor and
the trainee (apprentice).

On the tutor’s side, the goal is to assist the realization of incorporated
knowledge and the verbalization of this knowledge. On the apprentice’s
side, the goal is to develop an ability for self-observation, for comparing
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one’s activity with the activity of the tutor, and for understanding the
meaning of operative words. More broadly, and beyond the situation
of learning, training for work analysis — as a tool for realization and
reflectivity — may provide the experienced as well as the novice worker
a sustained instrument to support his or her professional development.

The stages that are described below are carried out separately with
the tutor and with the novice.

Stage 1: The construction of the medium by the ergonomist

In the first stage, the ergonomist analyzes the activity of workers (tutors
and apprentices). The goal is to understand the crucial dimensions of
activity within the work situation and to proceed with identifying the
skills that are effectively mobilized in work activity (Samurcay and Pastré,
1998). During this approach, video recordings of one or more sequences
that are characteristic of the activity are produced. In the examples that
we will use, where gestural activity is paramount, the video recording
focuses on

e The actions carried out by the worker (gestures, movements, infor-
mation collection, communication, etc.)

¢ The effects of these actions, that is, the transformations or successive
states of the object of activity (for example, in the case of the activity
of cooks, it will be the dish that is being prepared)

* The tools used to carry out these actions (use and operation)

* The work space and its preparation and organization

Performing a preliminary observation makes it possible to guide
the video recording of the activity toward what will be relevant for the
following stage of training for auto-analysis — and therefore to choose
typical actions or problem situations. At the end of stage 1, a diagram of
the understanding of the work situation is constructed, highlighting the
determinants of work activity to serve as a support for training. This dia-
gram makes it possible to represent the activity and establish relations of
causality between the various components of the work situation.

Stage 2: Supporting the auto-analyses

In the second stage, tutors and apprentices are trained to analyze their
own work using an exercise of auto-analysis that is carried out by each
participant individually, based on viewing the video recording.

This stage comprises three steps. In the first step, the ergonomist
explains the diagram of understanding (produced in stage 1 by the ergon-
omist) and discusses it with the worker. The analysis is therefore framed,
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and focused on ergonomic concepts and work analysis. In step 2, based on
the viewing of the video recording, the subject is requested to describe his
work ‘as if you had to explain it to someone who knows nothing about it’
(the doppelganger method; Clot, 2001). Finally, in step 3, still based on the
viewing of the recording of activity, the description of work is systemati-
cally guided by the ergonomist.

The worker is led:

¢ First, to describe the operations of execution: The operations that
are carried out using the starting materials, that allow the effective
transformations of the object of action. In the case of material actions,
the goal is to put into words the actions, means associated with these
actions and instruments, gestures and ways of doing things.

® Second, to explain and analyze the operations of orientation and con-
trol of one’s own actions: Thatis, the planning of action, the conditions
and constraints of action, the knowledge and pragmatic knowledge
that guide the realization of action, causality relations and anticipa-
tions, and also the criteria used to assess the correct outcome of the
action (control information) and when the goal is reached.

Thus, the analysis that is requested on the part of workers allows
them to assess the organization and logic underlying their procedures, by
confronting their own actions with their initial and end states, the proper-
ties of the object and explanatory laws.

The three steps of description, elicitation and analysis are required
to reach the goal of conceptualizing the activity during training sessions
for auto-analysis. Indeed, merely describing the activity is not enough.
The questions raised by the ergonomist must lead tutors and apprentices
to question their gestural abilities and the determinants of their activity.

The goal is not just to produce a verbalization that decomposes sub-
goals and modes of operation. It is also to implement cognitive processing
and processes related to realization: to identify invariants (formulations of
laws, action rules), abstraction of differences and resemblances between
situations, abstraction of properties that may apply to other situations
(generalization), or alternately, the connection between actions and
their meaning.

According to Schon (1983-1994), this questioning causes the worker
to ask himself or herself not only ‘What is it than can be explained in
my professional knowledge?” but also ‘What does my professional action
teach me? What can I say about it?” The assisted analysis aims for workers
to acquire ‘the ability to return on their own back to what they have lived,
in order to analyze their know-how and to reconstruct it at another cogni-
tive level” (Pastré, 2005, our translation).
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The exchange below is taken from a dialogue of questioning which
took place during a session for training for auto-analysis of a head
cook. It shows that the worker spontaneously places himself from
the point of view of his own action. When viewing a film where he
prepared paste for a sponge cake using a 50 L robot, the first infor-
mation he provides focuses on the goals of action.

The exercise of training for auto-analysis then consists in going
into the details of action goals, to derive the procedure or procedures
(the how) until an explanation of the meaning of the action goal(s)
is reached. In the example below, when questioned about the speed
setting, the worker verbalized two other actions that were neces-
sary for setting the speed. The ergonomist then attempts to have the
worker put into words the meaning of these actions, which in this
case are elicited by two goal states.

Tutor: So after that, there’s turning it on and setting the speed.

Ergonomist: OK, how do you set the speed?

Tutor: I use the little crank that I'm holding in my right hand.

Ergonomist: OK, so now you've used the crank.

Tutor: So after that I'll wait for two or three turns, and after that ...
there. I'm raising the vat and I'm switching to a faster speed.
Ergonomist: You've switched to the higher speed, so you've reposi-

tioned the bowl, I mean the vat?

Tutor: Yes, I've put it on the safety setting.

Ergonomist: So there you cranked it two or three notches to raise the
speed. And what is it that makes you turn, or do you always crank
it that much?

Tutor: Yes, it’s at maximum level right now.

Ergonomist: So in general, whatever the recipe, you're going to crank
it up to the max?

Tutor: Oh, no!

Ergonomist: Does it depend on the mix?

Tutor: No, it depends on what you want to do.

Ergonomist: In this case you wanted the robot to run at full speed?

Tutor: That was to raise my eggs and sugar.

Ergonomist: So it needed to be very high speed?

Tutor: Yes, it needs to be high speed in this case.

Ergonomist: From the start?

Tutor: Yes, from the start. I mean, we let it run for two or three turns
at least, so that the eggs and sugar have time to mix, and then
we raise the speed.
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Some examples of applications
in occupational training

The prospects we present below were derived from two interventions in
sandwich courses for workers in seawater therapy and for cooks, within
their respective companies. Cooks in traditional or company restaurants
produce the dishes that are served to the customers in the room. They
master some basic recipes, the principles of cooking and conserving food,
to produce dishes in quantities that are greater than in the case of the
everyday ‘housewife’ (e.g. preparing 50 L of mashed potatoes). Workers
in a seawater therapy centre will provide bodily care by using elements
from the marine environment: seawater, muds and seaweed. There are
various types of hydrotherapy care: sprinkling of water jets, baths, coat-
ing in seaweed or mud. These actions are performed based on a medical
prescription, and require the acquisition of techniques for manual care
whose goal is to drain, relax and tone the body of a patient or customer.

The analyses dealt with eight situations of tutoring in kitchens and five
situations in seawater therapy. These situations involved junior workers
who had newly joined the company or, alternately, employees in training.

We will present below the results of the auto-analysis exercise during
training with tutors and apprentices, and how the results of auto-analysis
were subsequently used by the tutors and apprentices.

During training sessions for auto-analysis

The exercise of auto-analyzing one’s work with the assistance of the ergono-
mist allows two means to realize skills: either through the sole observation
of activity without verbalization (self-observation) or through elicitation.

® Becoming aware of one’s own skills through self-observation. Watching a
film, without any verbalizations, allows workers to become aware of
their skills in several ways.

First, they notice errors or incidents. Thus, for example, a tutor
who is head cook realizes, from the sole observation of his activity,
that he has not chosen the proper knife for the task he wanted to
carry out.

Second, the film allows professional practice to be seen as an
object of analysis and as a means to support knowledge. The follow-
ing extract is an interaction between the head cook (tutor) and the
ergonomist. It concerns the action of dicing up bacon:

Because ... there’s my hand, in relation to the
chopping board.... In the end, I'm doing it wrong.
Supposing this was to teach a junior worker, it’s
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wrong.... Ah yes, here I had to spend more time
than usual. If I'd had a knife with a proper heel.
Because in the end, I'm working on the edge of the
board. If I explain that to junior guys and they do
it in their vocational exam, they get it all wrong. I
work with the knife raising my hand more or less.

During the training session for auto-analysis, this tutor realizes
the formative impact of his actions: he realizes that it is not enough to
show the learner how to do things. He realizes that his role is not to
provide the apprentice with models of gestures or actions to repro-
duce, or to formulate propositions that the learner should repeat
and learn. His role is that of a mediator (Vergnaud, 1992), since the
decisive role is that played by the learner. Skills should therefore be
exercised as a tool to help apprentices build up their skills.

This latter point was confirmed by the apprentices who, at the
end of the training program, stated that they had changed the way
in which they observed the activity of the tutors — this after they
had realized (through auto-observation) what one could observe in
a work situation: ‘It helps, because it’s true, we watch carefully, but
we don't always know what to look at’. This exercise therefore allows
them to view the situation differently, to observe the work situation
in a different way.

® Becoming aware of one’s own skills through elicitation. Thanks to the
questions posed by the ergonomist, the tutors and apprentices dis-
covered the possibilities of verbalizing various aspects of activity and
skills. Thus, the seawater therapy agents discovered that they collected
various kinds of sensory information. In particular, they realized the
importance of touch when performing care actions using a water jet
on a patient immersed in a tub filled with murky seawater. Because
draining the blood network cannot rely on visual information (since
the seawater is murky), the worker will grasp the jet in the right hand
in a way that allows him or her to evaluate, by either touching or
brushing past, the distance between the jet and the patient’s body.

Through elicitation, the pragmatic knowledge that guides
actions is made visible, either through verbalizations that focus
on the variability of modes of operation (the field of possibilities)
or through the search for meaning. Thus, in seawater therapy, the
agents also elicit the use of their left hand when they are draining a
patient. This hand does not hold the jet but is used, above the right
hand, to be able to follow the patient’s blood network when the sea-
water is murky.

Beyond highlighting competence, the exercise of auto-analysis
makes it possible to strengthen the need to tell and elicit elements of



246 Bénédicte Six-Touchard and Pierre Falzon

one’s activity (for the tutor) or to question them (for the apprentice
taking part in a tutoring situation), and not to become ‘locked up in
the action’. Thus, a tutor noted, at the end of the exercise: “We tend to
think that there are lots of things we do through force of habit, but
in fact, habits don't just turn up.... It questions the habits we have
behind each gesture, which in fact we don't do out of habit. This is
just because some things have been formed in the mind. That is, we
practice our work this way and that, for this and that reason. From
there, we might ask ourselves whether there might be another way
of doing things that would be more practical or more comfortable’.

Each viewing of the film, each retrospection on their activity
with the ergonomist, is an opportunity for workers to transform
their point of view and to understand differently the organization
of their actions (Six-Touchard, 1999).

Later use of auto-analysis in tutoring interactions in the workplace

Later effects of auto-analysis by the participants in the training session
(tutors and apprentices) were identified in the development of formative
interactions in on-the-job situations of transmission. These effects were
highlighted by the comparative analysis of two video recordings of inter-
actions in the training sessions, both in the kitchen and in the seawater
therapy facility. Interactions were recorded before the training in auto-
analysis of work took place, and the other took place afterwards.

Two elements transforming conditions of learning can be directly
attributed to workers taking ownership of the tool of auto-analysis.

One element is the enrichment of the contents of interactions between
the tutor and the apprentice. Following training to auto-analysis, trans-
mission is strengthened from the didactic point of view, through a greater
decomposition of gestures by the tutor and through greater precision
regarding the gestures and evaluation criteria that are required to guide
the apprentice in carrying out the task. This quantitative enrichment of
interactions is doubled over by a qualitative enrichment. Most tutors ver-
balize more rules of action when involved in a situation of transmission.

The second element of transformation that was observed is the rein-
forcement of the interrogative form of exchanges, encouraging a reflection
on the actions at hand. The increase in the number of questions posed
by the tutor to the apprentice (and vice versa) is significant, and one can
also note the appearance and development of sequences of questions and
answers that are similar to those developed in the auto-analysis train-
ing. For example, after having uttered the action “You add 6 L of beer to
the dough’, the tutor asked the apprentice: ‘Aren’t you going to ask me
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why you need to add some beer to the dough?” A chain of questions and
answers followed, allowing the apprentice to discover the meaning of that
action for himself.

Following training, auto-analysis had become, for each of the partici-
pants to the training program in work situations, a resource to be subse-
quently used to develop their interactions. Having access to a shared tool
for analysis allowed them to focus their formative interactions on objects
that are shared and understood in the same ways. Therefore, the partici-
pants have access to the elements of a common language that contribute
to organize and facilitate formative interaction.

Required mediations for reflective
practice based on auto-analysis

Hence, the reflective approach leads workers to learn how to see, how to
identify and how to verbalize the elements of their activity, and then to
reflect on what they did and on how they did it. This approach relies on
a triple mediation, based on the film of the activity, on the diagram of the
understanding of activity, and on the dialogue and questioning. These
three mediations allow workers to take a step back and conceptualize
their activity, and to develop their own constructive activity. These media-
tions closely resemble the conditions described by Mollo and Nascimento
(this volume) regarding collective reflective activities.

Preliminary analysis of the activity and construction
of the media for reflection

The role of the ergonomist to support the analysis of action by work-
ers themselves necessitates a good knowledge of work in the field that
the trainee (tutor, apprentice, worker) is involved in. This knowledge is
acquired through a preliminary analysis of activity, before any auto-
analysis training takes place. A diagram of the activity is constructed
after the preliminary analysis in order to serve as a medium for training.
This diagram is displayed at the beginning of the training exercise, and
allows workers to better understand what will be expected of them dur-
ing the viewing of their activity. Their verbalizations are focused on work
activity, thus inhibiting whatever apprehension they may have about the
judgement of themselves or of their activity. Then, during the analysis,
the diagram is used in two ways: the filmed reality is connected to the
diagram, and the diagram makes it possible to establish relations between
the various elements of the work situation.
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Distancing with the reality of the work activity

The point of the exercise of auto-analysis assisted by a video recording lies
in the possibility for workers to perform a confrontation between observa-
tions (given by the image) and verbalizations (provoked by the analysis)
of their own work activity. The video image supports distancing oneself
in relation to one’s own work situation. This temporary split allows sub-
jects to place themselves in the position of both the observer and the ana-
lyst of their own actions, in order to self-diagnose what they are doing and
how, and to collect information for themselves.

Other tools might be used for auto-analysis, which would introduce
different types of distancing relations, such as

¢ The intervention of a third party with a mutual questioning. This
kind of situation is similar to the crossed auto-confrontations intro-
duced by Clot et al. (2000) or to allo-confrontation described by
Mollo and Falzon (2004). In the context of occupational training, they
may also contribute to strengthening the construction of a shared
language between the tutor and the apprentice.

® The introduction of additional written media for training, where the
frequency of training would be suited to the skill level of each par-
ticipant. Indeed, depending on the level of expertise, a single session
to take ownership of reflective practice may not be enough.

Guiding the questioning toward the development of reflectivity

The dialogue and questioning by the ergonomist aims to help trainees
to elicit and organize their practices from the conceptual point of view —
switching from what can be done to what can be uttered, through the
mediation of what can be seen, and putting their activity into words
(Schon, 1983). The second goal is to support a permanent use of this
approach, including in the absence of the ergonomist (generalizing the
training to other tasks). This might be described as the permanent use of
a positive conversion factor.

The ergonomist carries out a critical (positive and negative) analysis
of the activity. Workers are encouraged to be surprised by their own activ-
ity. It is the confrontation of operators with a point of view that differs
from their own that leads them to broaden, complete and modify their
points of view. They discover the complexity of their activity and learn
how to see it in a different light.

This exercise of individual confrontation aims, for the most part, to
provide some input to the constructive activity of subjects, by provid-
ing some knowledge or structures of thought that will facilitate working
with knowledge. This reflective, creative activity on one’s own work is
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defined by Falzon (1994) as a metafunctional activity — that is, an activity
‘that is not geared directly toward immediate production, but an activ-
ity focusing on the construction of knowledge and tools (both material
and cognitive) that are destined for eventual future use’. By questioning
workers, the ergonomist opens a path for the development of this meta-
cognitive knowledge. This allows subjects not only to be productive, but
also to protect themselves and develop their abilities and empower them-
selves. Auto-analysis of work thus emerges as a conversion factor that can
be used in the long term, and training for auto-analysis, as a means for a
constructive approach to ergonomics.
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