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Introduction

The purpose of this book is to gather chosen papers concerning presentations made during congresses or
lectures in conferences in which LARSEN participated.

The papers are structured in three chapters on the following topics:
e Human Factors policy and organization for French nuclear reactor fleet
e Human Performance and the description of means implemented for its enforcement
* Simulation training from the description of training sessions to the analysis of specifics topics

Concerning the congresses, only short abstracts were given in proceedings. In these cases, the papers refer
to the corresponding proceedings. Concerning lectures, no proceedings were planned. Nevertheless, papers
have been written for each of them and have been chosen here because of their interest relating to nuclear
operation. In these cases, the papers refer to the corresponding lectures.

We thus obtain a set of interesting papers related on French Nuclear Power Plants (NPP).

The quality of the contributions in this first volume “Socio-Organizational Factors for Safe Nuclear Operation”
is guaranteed by a scientific committee composed of professors, doctors, industrial executive managers who

have carefully reviewed the papers according to their own fields of skills.

These papers are written to be used: feel free to pass on widely the contents of this book.
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Abstract
The Human Factor Policy for French nuclear reactor
fleet is presented. The key job of Human Factor
Consultant (HFC) is described from its genesisha t
company to its today re-questioning. The differgkitls
domains of the HFC are commented.

1. Introduction
Electricitt de France Nuclear power plants are submitted
to strict formal rules. Respect of these rules, and
especially  functional parameters or materials
configurations, allows to guarantee in case of negh
problem, that the process and organization will agen
to control the situation and the installations. Him is
to protect Human and his environment from radio&cti
contamination by the containment of nuclear coitl an
derivative products.
A deviation with regards of referential (a valveairstate
not in accordance with requirements for example) loa
treated as a significant safety event. Such a tewia
must then be analyzed and explained to Nucleartysafe
Authority (the national regulator). It is clear thar EDF
industrial company, such deviations are not actd¥ptas
they involve and discredit dispositions adopted to
guarantee nuclear safety on power plants.
Consequently, all means are implemented to avoid
occurrence of exploitation events concerning nuclea
safety (see Fauquet 2002, 2003, 2004). By expioitat
event, it is necessary to understand a gap between
realized work and expected task. Any gap detectadd
to a treatment (Fauquet, 2007, 2008) and is agbtesse
according to the INES scale. Quasi entirety is sifeesl
at level 0 ("no importance from the point of view o
safety ").
The contribution of the Human Factors Consultant
(HFC) and the policy of Human Factors in the conypan
help to avoid occurrence of exploitation events.
This paper will give a short description of the pdlicy
and will explain what has been identified as a key

" This work has been presented at dhént. de I'Enseignement
et de le Recherche Maritime&5-26 mars 2010, Marseille,
France. It has been printed in its French versinrLa Revue
Maritime under the title “Les Facteurs Humains dans
I'industrie nucléaire francaisetiéc. 2010, n° 490, 4-11

competence which is the one of Human Factors
Consultant, and why.
Then it will expose briefly the four domains conteg

the missions of a HFC on a nuclear plant orgarimati

2.Human Factor s policy and Human Factors
Consultant
Let us first suggest a definition for "Human Fastoin
industries.
The Human Factors (HF) are the factors which
contribute to the occurrence of a situation by dbo@on
or the decision of Human, individually or collealy:
behavior, attitudes, organizations, decisions, ahtheir
interactions.
Thus, it is fundamental to notice that HF are cestteon
the work activity. For industries such nuclear
exploitation, one of the important implication paeters
is the formal prescription (Fauquet et al., 2002)her
high risk industries or companies are concernethat
same level; chemical industries, refineries, aftcaad
navy companies (Amalberti, 1996 et 2001; Clostemman
2010), for example. Process is so complex, andestak
are so important, that companies and industriaisiare
involved in heavy training programs with the use of
expensive full scope simulators (Fauquet-Alekhine,
2009). And since 2006, EDF is involved in a specifi
Human Performance Program which one the Human
Factors experts must sustain (Fauquet-Alekhine 0201
Colas, 2001; Rousseau, 2008).
Taking into account the HF aspects is thus quite
important. This has been notably pointed out affter
nuclear Tchernobyl accident (Ukraine) during whibk
Human contribution to the accident occurrence heenb
significant. It gave rise to the realization tHa fprocess
safety could not be only or at least mainly based o
technical automatic controls. The place of Hunreide
the process had to be reconsidered.
For the French nuclear industry EDF, one of thenmai
points has been to development a HF policy, with th
creation of the job on each nuclear power plantmiln
Factors Consultant. The HFC must help to take into
account the HF dimension at work. According to my
colleague of Air France, Jean-Philippe Barat, ‘tgki
into account the Human Factors dimension at wotk is
make visible what is invisible".
Personally, the definition can be: Human Factors ar
factors which contribute to the case of a situatioe to
action or to decision of Human, individually or
collectively: ~ behaviors, attitudes, organizations,
decisions, as well as all interactions between them

The HFC is involved in 4 domains:
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»  Contribution to feedback event and work activities
analysis: analysis of the organization (remedial, o
proactive such as socio-organizational and human
impact analysis), event analysis.

e« Support and advice to departments or teams:
projects of teams, analysis of particular situation
such as controversial, re-organization,

e Support and advice to the unit head management.

« Development of HF knowledge: lectures and
demonstrations in departments or teams, in trade
academies, in classroom training sessions and
training on simulators, in the deployment of the
Human Performance Program with notably
Manager in the field and Reliability Practices
(Human Performance tools).

At the beginning of the 90's, when the HFC job besn
created, it was rigged by technicians, people ftbm
industrial process trades. Soon it as been poiotedhe
need of Human Sciences academic knowledge for @uch
job, and around 2000, people from Human Sciences
universities have been employed for the job. Itesppd

to be a good choice from the analysis standpoiat, b
nevertheless, it was difficult for a lot of thosergons to

be effectively efficient concerning the understaugdof

the industrial process. It has been then writter2002, a
frame of reference for the job, after a nationaldgtof
one year, in which have been recorded all the
competences required and all the topics on whieh th
HFC could work. The following years, some few p&opl
with  both the technical and Human Sciences
competences where chosen for the job, and in pgrall
the national division, with the support of the Rash
and Development division, have created a specific
Human Sciences Master for the technicians cravimg f
the HFC job. In 2008, the first "students" attendied
Master session.

Today, the national division is thinking about theeds

for the following years. With the strains of theoeomic
market, with the new projects in which the HFC have
been involved like the Human Performance Program, t
job has changed, and expectations have to be
reconsidered. Again, the national division is legdan
analysis, the results of which are expected be20e.

Nowadays, the typical organization on a nuclear grow
plant, for the HF management is as follows.

The HFC is usually attached to the vice-directdieya
Quality, who is attached to the head director of th
nuclear power plant. This close relationship to lilead
management of the plant has shown a lot of advastag
for the HF dimension to be sustained by the whole
management.

The operational departments of the plant have deslig
one HF correspondent. The aim is to create a dindrt
between the department and the HFC, in order toemak
the people of the trade feel more easy to speauFof
questions. Those correspondents meet four timesan y
to share about problems, solutions, or knowledge.

The HFC also works with the social partners, whach
the social worker, the work medicine, the uniordés
and of course, the management and the teams.

We shall describe here after briefly every domain i
which the HFC is involved. The readers will notattthe
HFC is definitely oriented in a safety managemeay.w

3.Feedback event and work activitiesanalysis
One of the main contributions of the HFC for this
domain is the safety event analysis.
Safety event analysis is curative (comes after tpafe
events). It is an important part of the HFC's attifor
at least two reasons:
his competence is needed to help to find the daepes
of the event,
by doing this kind of analysis, the HFC reaches esom
information that helps him to have a better
comprehension of what is going right or wrong oe th
plant, and this information can help him for other
analysis.

The treatment of the safety events falls underclagia
framework which is declined, in the ideal, in saler
phases:

a-the collection of the facts near the actors leywthiter

of the final report, in order to trace the chrompl®f the
event as soon as possible, and to work out a first
analysis,

b-the meeting of the actors of the event in calect
discussion with the HFC, to work out the tree of th
causes, to identify the failing states and inappabde
actions, and to put under discussion the elemehts o
comprehension,

c-the outline, at the time of this meeting, of the
corrective actions,

d-the drafting of the report and its validation the
actors,

e-the validation of the report by a collective awity
specific to the trade (see its functional desasiptand
analysis in Fauquet, 2004),

f-the validation of the report by Management of the
power plant,

g-the diffusion of the teaching of the analysisompn
the teams.

Items b and c are fundamental because they cotertbu
put under discussion, within the group of worketse
practices of work which possibly led to the evertis
setting under discussion, which is articulated in
particular around the elements of comprehension of
inappropriate actions, makes it possible the gro@ip
workers to make evolve its individual and colleetiv
practices, to decide together this evolution, ideorto
apprehend a similar situation in a different waryg d@o
reduce the probability of renewal of the event. §hhe
context of the event is thought and discussed iasviére
necessary to replay it differently in order to sgpnd
next similar situation differently.

In the same way, items e and g make it possibihtme
on these changes of practices with the peers, dret o
actors potentially concerned with these changes.
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The fundamental difference between, on the one hand
items b and c, and, on the other hand, items egatays

in the objective of transformation and sharing hestw
workers associated with these transformations.

Details are fully developed in Fauquet (2005), émel
individual or collective analysis presented areeldasn
the works of Clot (1999) and Clot et al. (2002) g@sgtki
(1930) and Scheller (2001).

The results and conclusions of such analysis age th
used to adapted organizations, at the nuclear pplaat
level, but also at the national level.

Annual safety analysis gathers those information fo
each plant, and global analysis is done for the levho
division. Among the tools used, the data base dalle
L@cid gives accurate details of each event whitdwal
fine categorizations of the events and statistipgiroach

of the data. HFC are involved in entering data and
analyzing them.

4.Support and advice to departmentsor teams
This kind of support can be involved by national
organization or by local requests.
One example of national implication is the SOH atip
analysis.
SOH impact analysis is at first proactive (the gsial
comes systematically before the action), and must
integrate event and work feedbacks and thus, csm al
carry on a curative aspect of work analysis.
SOH impact analysis is connected to a national
modification of the materials. This modification fisst
studied from the technical standpoint, and themrgel
analysis is done, led by the national departmertts tive
help of a few power plants called "head of seridsiis
analysis needs usually several months, and ishediby
the feedback given by the "head of series" plafits.
concerns impacts on the equipment, the organizatien
resource, the training needs.
Conclusions are then gathered and send to othaetspla
with the modification documents in order to be take
into account. Sometimes, the plant management egcid
to engage a new SOH analysis to be sure that the
analysis will take into account all the specifiegtiof the
plant (technical and organizational). This locahlgsis
is led by an engineer TLI (Local Technical Integrat
supported by the HFC if needed.
Support and advice to departments or teams alsgecon
local requests as actions concerning the manageafient
people and of work activities. It can be changes of
organization, of process, for example, but it can b
resolution of controversial situations or confliétside
or between the teams, or between management and
teams.
Some specific meetings help the HFC to give adtice
the departments: every month or every two months
(depending on the department organization), a work
safety group (description and analysis in Fauqz@d4)
takes place to discuss all safety points of interes

5.Support and advice to the unit head management
The HFC is expected to give support and advicen¢o t
unit head management at least in two ways: on gtque
and according to his own analysis.

On request, the unit head management asks the HFC
specific analysis concerning organization changes,
management decisions, both before or after their
application. It can be formal (with a study or asid
report delivered by the HFC to the management) or
informal (a discussion in the director's office).

According to his analysis, the HFC can ask the
management to pay specific attention to the
consequences of a decision of a new organizatiorberl
able to do it, the HFC must make permanent macro
analysis of the plant works, by gathering all the
knowledge he has concerning every thing on thetplan
To be efficient on this kind of job, it is importafor the
HFC to be involved in a lot and diverse analysistios
plant, and to be in touch with most of the operslo
departments.

Some specific meetings help the HFC to give adtice
the management staff of the plant: every monttafatg
technical group takes place to discuss all safeigtp of
interest.

6.Development of HF knowledge
During the past years in most of the cases comgrni
this domain of his work, the HFC was involved inmen
lectures and demonstrations in departments or te@ms
request of the teams, or to improve some work mest
(Fauquet-Alekhine, 2009, 2010), the HFC could work
with the pilots on full scope simulator during trizig
sessions.
Since 2007, with the Human Performance Program, the
HFC is much more involved in the training sessions,
both on maintenance and piloting full scope sinargt
and both in conception and teaching of the training
programs. HFC also helps for the management taexnfo
their action in the field, according to the needsthe
teams.
Besides, trade academies have been created fotepeop
recently employed in the company. In this frameg th
HFC in asked to provide specific lectures conceg i
policy on the plant, and concerning the reliabiliy
work.
And for managers who are concerned by operational
work, the HFC is asked to make lectures concerttieg
event analysis methods.

7.Concluding remarks
History of the French industrial process at EDF ehav
shown how much important is to take into accouset th
Human's place in the process, whatever is the tndus
(see for example Colas, 2001; Clostermann, 2016¢. T
EDF company has built since several years a Human
Factors policy which must answer these kinds oflaee
To help the success of such a policy, an expert is
involved in the safety management: the Human Factor
Consultant. On every nuclear power plant, one teeth
persons are employed for such a job.
Organizational feedback and studies have pointed ou
that, for such a job, both technical and Human 1®sse
knowledge and competence were required. In this aim
the company, with the help of other big industriesl
universities, has created a specific Master.
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In parallel, the company has understood that the&iu
Factors policy had to be adapted periodically. Tas
been done at the beginning, in the 90's, done agafre
2002's, and again it is in progress now with exgedct
results before 2012.

As we can see, Human Factors policy needs specifics
means and organization, and constant adaptatidre to
efficient.
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Abstract
The French nuclear power plants operated by Etatétri
de France are of type "pressurized water reacthis T
collective design promotes a capitalization anaealipg
of means, including experience feedback (REX), tvhic
must be a force for operation of this nuclear fleet

The REX and integration are satisfactory when they
register in two dimensions at least, one is orgatiunal
and the other one is time. But the organizational
dimension can be easily reduced, and the dimersfion
time is often "dilated".

The ideal form of the organizational dimension ¢sn
reproduced in a closed loop that uses the findings,
results, analysis, and solutions that should be
implemented. These solutions, implementing the
integration of findings from learning, give rise tew
findings and assessment of effectiveness. The isop
closed.

The ideal form of the dimension of time, may be
summed up in "as soon as possible".

Thus, the closed loop of the organizational dimemsi
joins the effective nature of the REX, and the idddhe
time dimension joins the efficient nature of theXRE

Frequently encountered problems reside in the non-
closure of the loop and the inability to quickly,even to

do everything simply. Yet, each actor of the conypin
aware of this need. Despite this, the experienedifack

of the REX, show all the difficulties to calibratee REX
process at the right level.

To work this broad question and solutions, the
management of the Generation division of EDF (DPN)
launched a project in 2007, the REX project.

The paper outlines the various stages of diagnosis,
solutions research and deployment thereof, and the
success factors identified both locally and natiigna

" This work has been presented atihdes Grandes Ecoles de
la Mer « Facteur Humain & sécurité maritime, 26-27
January 2011, Le Havre, France.

The solution adopted to achieve the target modelnis
organization of the REX and its integration by ©&P:
the Corrective Action Program. To ensure the adeyua
to the needs of nuclear plants and verify the Eglityiin
the context, the stage of diagnosis was followe@d(h0
by a phase of experimentation on a few plants, reefo
engaging a global deployment anticipated in theséc
half of 2011.

1.Introduction
The French nuclear power plants operated by Etetetri

de France are divided into 19 plants scattereditjifrout
the French territory. All these plants are of type
"pressurized water reactor" (PWR). This collective
design promotes a capitalization of learning from
experience and sharing means that are a force $afea
operation of the nuclear power plants. Thus, ihealant
(2-6 nuclear reactors each) has a degree of autgnom
there exists nevertheless a national organizatianany
areas that promote exchanges, centralization of
information, analysis, and redeployment of innoxati
solutions.

The experience feedback must, of course, proceéds o
such an organization, both at the local level astibnal
level. Feedback is a broad topic that inevitablgiudes
many themes in an industry as complex as the ptmafuc
of electricity of nuclear origin. And as any actionany
project, it must contribute to strengthening nucksfety
(see Fauquet 2002, 2003, 2004), for obvious reasbns
every day protection of humans and environment, and
because a risky system operation implies the cootis
demonstration of a high level of safety (Amalbet896
and 2001). This allows to guarantee in case ofriieeh
problem, that the technical process and the org#iniz
will succeed to control facilities in the situation

It should be noted that the objective of nucledetyais

to protect human and his environment of radioactive
contamination by the containment of the core and
derivative products.

The experience feedback concerns many areas ausari
levels; we cannot here expose all. Also we haveseho
to focus the presentation on a large enterprisegt;che
"REX project” (in French: “le Projet REX"), explainy

its genesis and its deployment, and illustratingrom
concrete examples of the operation of Chinon nuclea
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power plant. Before it should be appropriate toct#pe
what is expected in terms of experience.

2.An efficient effective feedback loop
The experience feedback, or REX for “retour
d’expérience” in French, comes from experienceitas
name indicates. This experience, manifest in thmn fof
results, findings (qualitative or quantitative)yes rise to
a formal or informal analysis first. Within such a
coordination, the experience is able to be integran a
process of learning from experience.
As specified above, the REX concerns many issues in
various areas. For example, the area of the warker
given activity, the area of a professional practice
know-how, the area of a department organizations, th
area of an industrial site organization and intéoas of
departments, trades and external entities to thatpl
This non-exhaustive list is very few of the muidieuof
possible examples.
The REX and its integration are satisfactory whisgyt
register in two dimensions at least, one is orgstiunal
and the other one is related to time. But we veilt shat
the organizational dimension can be easily reduaed,
that the time dimension is often "dilated".
The ideal form of the organizational dimension ¢sn
depicted so: it is a closed loop that uses findings
concerning results. These findings give rise to an
analysis that produces solutions that should be
implemented. These solutions, implementing the
integration of learning from findings, have an effen
the results giving rise to new findings and assessrof
effectiveness. And the loop turns without stopping.

Results
e
Efficiency

Action Findings rating

Analysis

Solutions
sinking

Fig 1. The REX ideal closed loop of the organizaio
dimension.

The common problem is the non-closure of the Idop.
can intervene at various stages. For example:

« the findings exist but are not exploited: the loop
stops before the question of the need to be
analyzed,

e the analysis is made, solutions are proposed, but
their implementation is not effective,

» solutions are implemented, but their effect is not
analyzed because the findings are poorly
targeted.

Concerning the ideal form of the time dimensionisit
simple since it can be summarized as "as soon as
possible".

Thus, the closed loop of the organizational dimemss
related to the efficacious nature of the REX, ahd t
ideal form of the time dimension is related to the
efficient nature of the REX.

Each actor of the company is aware of this need.
However, the experience and the feedback concerning
the REX show all the difficulties of businessesstok

the REX process at the right level.

Let us consider two examples from the Chinon nuclea
power plant to illustrate these remarks.

The first concerns the maintenance of nuclear oesct
Annually, each reactor stops for outage and towethe

coil. At each outage period, some people are segri
that “"everything happens as if every time we
rediscovered what is a outage, with the same pmaile

If these comments cannot be generalized to the
organization of a outage, the fact remains thatetlzge

too many actors of the outage who has this feeling.
this type of situation, the REX is integrated, buaty at

the personal level: indeed, the person confront¢tl thve
same problem from one outage to the other has
implemented solutions that s/he keeps in mind, tmem
quickly handle the same problem when renewing. But
what expects the worker is that the REX will be
integrated in the organization, so that if the peab
arises the solution exists or if they have to deidth, it
requires less energy than the first time. Hergh@area

of the intervener, the REX is integrated, but &t ligwvel

of the organization, this is not the case.

The second example concerns the REX of a profegsion
a department. The technicians complain about the
absence of REX. However, a decision was made by the
department management to formalize a REX meeting
concerning the end of the outage. The finding & this
decision has remained at the state of intent.

Each actor is aware of the need for the integratiotine
REX and also people have a natural need of REXrigr
work activity. A simple experiment was made on aeio

of groups of 10 to 20 people each on the nuclearepo
plant of Chinon. It has been proposed to peopl& in
room to engage themselves in a particular workviagti
Although conducted in room and far from the usual
technical activities, the general components ofaasic
work activity were encountered, namely achieving a
work activity with:

* aconstraint of time,

e arequirement for such a modus operandi.
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« the need to summon a know-how developed for
a long time,

« disturbances making the achievement of the
outcome difficult,

e arequest to achieve a specific result.

The work activity was to count the number of "F'aird
lines text that would be projected on the screee Eg.
2). In any case, the outcome seems fairly easy.adewy
the context was the following, complicating the
realization of the application with reference te #ibove
constraints:

e the text was shown during 20 seconds only,

* the text led to be read and letters had to be
counted at the same time, and it was forbidden
to read the letters one by one,

e the need to summon a know-how developed for
a long time concerned the reading skills,

« the text was in English (while people were
French), in tight uppercase letters.

S
FINISHED FILES ARE THE RE-
SULT OF YEARS OF SCIENTIF-

IC STUDY COMBINED WITH THE
EXPERIENCE OF YEARS
e S Y
Fig. 2. English text submitted to French peopleimiyr

20 seconds in order to count ‘F’ letters whilst dérag
the text at the same time.

For a group taking the test for the first time, thsults
may vary between 2 and 7 "F" detected per persah, w
a high proportion for the values 3 and 6. The tgpic
distribution is shown on Fig. 3.

35%
30%
25%

20%

15%
0% 4

I s

number of 'F' detected

proportion of persons concerned

Fig. 3. Typical distribution of the number of Frénc
people watching the English text (see Fig. 2) sttiahi
during 20 seconds and counting ‘F’ letters whilst
reading the text at the same time: two extremegapp
around 3 and 5.

Before taking this test, the instructions have been
presented, the text was projected 20 seconds alaerhi
and a discussion followed to compare the resultsach
person and discuss the difficulties encounteretkerAhis
discussion, the facilitator suggested to work aeoth
subject without moving back to the text and thugheuit
knowing the exact result: "and now, | propose to
following the presentation without | give you theriect
result, the number of F in the text. We shall notme
back on this test, you will never know the resultless
you manage to find one day the text elsewherejthsit
not me who will give you the solution. What do you
think of it? Would you like to know the right resl"
For the last question, between 70 and 100% of these
groups usually replied to be very disappointed twot
know the right result. When it was asked the reagon
this disappointment, the participants explainedrtheed
to know how to position themselves to the expected
result, to better understand where they had erand,
possibly how otherwise do a next time, even ifdisvjust
a test without consequence.
This experience shows the spontaneous expectafion o
each one in terms of REX. If participants expressach
a desire even for a harmless test, it is quite dasy
imagine how much they are expecting a share after a
professional activity. It is important to note ihig
experiment:

e the spontaneous character of expectation of the

REX,
e the existence of this expectation even for a
harmless activity.

The result of the demonstration suggests that d@lmos
everyone in professional life is spontaneously etipg
REX and that almost each one is predisposed to
participate.

In this condition then, why the REX and its integra

do not work as everyone would expect it?

To work this broad question and solutions, the
management of the Generation division of EDF (DPN)
launched a project in 2007, the REX project. Indeed
training people (Fauquet-Alekhine & Pehuet, 2011;
Pastré, 2005) increasing interventions (Fauquet-
Alekhine, 2009 and 2010a; Colas, 2001; Rousseau,
2008), enforcing the safety through event analysis
(Fauquet, 2007 and 2008) or through socio-
organizational analysis (Clostermann, 2010; Fauquet
Alekhine, 2010b), are not sufficient if the socestnical
system weakens over time (De la Garza & Fadier7 200
Heimann, 2005; Reason, 1993 and 2008).
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3.From diagnosisto implementation
The REX project started by a step integrating disgs
and studying practices and organizations at
international level.
The approach consisted in:

the

 Taking into account analysis by nuclear
industries.

» Participating observations on French nuclear
plants.

* Ain-depth benchmarck in the United States.

e Listening to many actors at all levels of the
organization of EDF (also from other divisions
than the DPN).

e Athorough sharing of the diagnosis.

The major findings for the company organization ever
the following:

» The REX from the national level takes place
over the local REX.

« A parallel REX exists to the operational
activity, enhanced by the treatment of the safety
events, and not enough through the success of
the interventions.

» Developments of the REX is done by slides
which have been by time superimposed while
forgetting to rethink the whole from local need
standpoint.

The solution adopted to achieve the REX target misde
an organization of the REX and its integration he t
PAC : «le Programme d'Action Corrective », inspire
by the American CAP (Corrective Action Program)eTh
PAC will be presented in the next section.

To ensure the adequacy of the solutions with tleelsef
nuclear sites and verify the feasibility in the toa, the
first step was followed in 2010 by an experimewtati
step on a few plants, before engaging a global
deployment planed in the second half of 2011.

To enable the success of the project, efforts fedus
particular on the following points:

» ldentify quick wins in 2010 that
confidence and socialize them.

* Involve all the plants in the project in 2010 via
existing networks and with the help of a “mirror
group”.

» Adapt the deployment of the project to the
situation of each site.

restore

e Maintain operational system during the
transitional period of deployment.
These actions have in support two transverse

components essential for the achievement of the

objectives:

« A component "Means, methods, skills, and
tools" to build the necessary means for the
implementation of a renovated REX
organization. Output products expected: a
corpus of knowledge, methods and tools so that
each actor has prerequisites required in the field
of the REX; training for key actors (managers,
preparation operators, REX project
managers...) and for newcomers.

e Another component "Change management,
culture and behaviors" to create the necessary
conditions for the development of the REX.
Output products expected: awareness, in the
short term, of the way to go, and a change in
behavior, both at the national and local levels.

4.The necessary structuring of the experience
feedback and of itsintegration

The solution adopted to achieve the target modelnis
organization of the REX and its integration by B%C:
the Corrective Action Program (in French: Programme
d’Actions Correctives, PAC).
The PAC is based on a frequency of analysis ofrthet
findings in a computer database, and a closurenfiysd
analysis-actions-results-findings...
Identification of the REX and the material of whiiths
made up are done via the findings every day Any
person on the plant is involved in this work of garter
input.
The consolidation of data entering is made at DIt is
to verify the characterization of the findings tosare
homogeneity of these characterizations. This pdant
fundamental because if there is heterogeneity Bt th
level, trend analysis and statistical analysisggneerally
impossible.
At Dj .+ 4, the findings are prioritized, assigned to actors
identified as in ability to process the findingsdan
solutions. This means that every day, all of timelifigs
entered the day before are studied.
The actors of this work analysis at.D are part of the
department management and involve themselves in the
analysis for their department.
The integration of the REX is done through the gsial
of two types: specific analysis and trend analyElese
are made at D.,, posted weekly and kept in check
weekly and monthly. The aim is to appreciate whethe
the findings are archived for memory without action
for simple action, or for specific analysis. The alh
gives rise to trend analysis.
These findings being made on a daily basis ateakls
and in all occupations, and then followed by vasitime
scales, the effects induced by actions will lead to
findings which will close the loop.
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In addition, a review of efficiency is scheduledclea
month. In parallel, the conclusions are settled ip
periodic performance reviews.

This target structure is not yet reached in the
organization of Chinon nuclear power plant. It was
chosen to go through a transitional phase, withaaugl
integration of the objectives. First, the quality the
finding entering process and data extraction toa$ h
been optimized. In parallel, the presence of thaagars

in the field has been worked to achieve a level of
completeness and relevance to the issue. Secoadly,
weekly analysis of the findings has been impleminte
The third time is to come to achieve the target ehod

5.Conclusion
We find that taking account of feedback and its
integration are not obvious work activities to be
implemented effectively and efficiently in the irsdry.
They are daily disturbed by the industrial constisi
induced by the real time, easily suffer from a laufk
coordination of the treatment of the REX, and ugzstn,
can remain in the state of intent if the framewisriot
clear. Their upgrade involves a solid diagnosis] an
deployment of their solutions integrating both ¢alre
planning and appropriate means.
According to the proposed solution (the correctigéon
program or PAC), the induced effects can hit the
practices and culture of company. In this case, a
component of accompanying change is necessary. This
implies registering the project in the long termbratal
and decreed change could lead to failure.
The feedback of the experience feedback itself also
warns the sustainability of the solution: if therreut
state of the experience feedback suffers from an
accumulation of poorly coordinated actions and
decisions which remain in the state of intent, hibn
new organizational system will prevent this witmé?
Another potential danger is displayed: the drifttbé
system. it will need to ensure that the CAP wilt han
into a machine made to accumulate observations with
actions not dealt with. The planned organizatioousth
avoid such excesses.
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Abstract
Nuclear production consists in producing electriergy

from nuclear energy. If the basic idea is quitepdanthe
implementation gives complex socio-technical system
that imply strict rules and requirements to guarahe
safety of the industrial plants, and of coursehefpeople
working there or living around. This means thatepaf
and reliability are definitely linked together, frothe
equipment standpoint as from the organiszational
standpoint.

This paper explains how French nuclear industry
operated by EFD, while not concerned by major
accidents, is able to learn from the world-wideuisitlial
feedback.

All what is presented here shows that “no accidenthe
nuclear fleet” does not mean “no re-questioningi. tbe
contrary, it shows how the EDF company holds the
“permanent re-questioning” as the meaning of “no
accident on the nuclear fleet”.

Why such a subject and why such a title?

The network Aquares49 wanted to gather around the
table specialists of risky and complex socio-techhi
systems for them to present to physicians whatdieeh
set up in order to make work activities more rdéatn
this aim, air line, merchant navy, nuclear indusind
medicine specialists had to present their poinviefv
concerning their own discipline. In this perspeetiv
reliability was obviously a part of the presentatibut
necessarily linked with safety: indeed, for Frenciclear
industry, reliability is sought for in order to gaaty the
safety of the process and to prevent any diffusién
radioactive products in the environment.

Yet why speaking about nuclear safety? Because of
nuclear production of course! Without any need ait

" This work has been presented at t@nference of the
Aquares 4Metwork (now called\quarel 49 which held
on the 30th. January 2012 in Angers, France.

to produce energy from nuclear power, the quesbibn
nuclear safety would not exist. This means thaaldity
and safety cannot be disconnected from productiad,
must be built taking into account the purpose aflear
industry: producing energy.

These are the reasons why the three words, rdtjabil
safety and production keep close to each othehim t
presentation title.

Nuclear production of electricity: a simple and

mar velousidea from the scientific standpoint

Nuclear production consists in producing electriergy
from nuclear energy. From the very simple idea Whsc
the fission of atoms, warmness is obtained whialsisd

to transform liquid (usually water) in gas undeessure

for it to make a turbine turning. This turbine isupled

to an alternator which produces electricity.

From the scientific standpoint, this is a remarkahhd
marvelous technical and intellectual realizatiorhisT
completion summons Nuclear Physics, Thermal Physics
Hydrodynamics, Hydraulics, Electrotechnics, Elextyi
Materials Physics, Chemistry, Computer Sciences and
Socio-psychological Science at least.

In the same approach, the conception of the inidiistr
plant is based on a simple idea. The main loops are
connected together to carry energy out of the toitbe
turbine connected to the alternator. The three doa@
the primary loop with high pressure liquid wate5%1
bar, 304°C) in contact with the coil tubes, theosetary
loop part liquid and part gas of water to maketthbine
turning and thus the alternator, and a third lospaa
cooling system of the second loop in order to redihe
vapor in liquid water to be re-injected inside tregpor
generator. This third loop includes the tall aero-
refrigerants making clouds of water over the nuclea
plant. This basic conception description is presgrn
Fig. 1.

Unfortunately, the achievement of such a simpleicbas
idea remains complex. When the primary loop is
duplicated for a better efficiency, when are addafity
and redundant loops to increase the safety levehef
plant with differentiated pieces of equipment, aviten
you add to the Physics all the Chemistry in ordenave

25



Socio-Organizational Factors for Safe Nuclear Operation — Vol. |

a better protection of the metal apparatus, yoainka
complex technical system.

SALLE DES MACHINES

BATIMENT REACTEUR REFRIGERANT ATMOSPHERIQUE

Gragpes da commands
i

Fig. 1: Simple drawing presenting the three loopthe

Pressurized Water Reactors (PWR) of French

conception: the primary loop in red, the secondanp
in blue, and the third loop in green.

From the safety standpoint, basically three safatyiers

are implemented to guaranty the confinement of the
radioactive products and three loops to carry dwt t
energy. For the Pressurized Water Reactors (PWR) of
French conception, the three barriers are the dealed
metal tubes cladding, the heavy steel reactor Vessk

the primary cooling loop, and the containment bngd

And to make this complex technical system openaia,
need women and men at work within an organization
which is also complex. For example, a nuclear power
plant like the one of Chinon (center France) wiblrf
reactors able to produce 900 MWe each, more th@f 12
are needed permanently, and these people incredise t
double during the maintenance periods which lagtrsd
weeks per year for each reactor. It is clear thnat t
complex technical system is transformed in a corple
socio-technical system.

As we can see, from a basic simple idea of atosssofi,
we obtain a huge industrial system operated by wome
and men. The questions of safety and reliabilitysth
remain crucial: from the technical standpoints blso
from the organizational and human standpoints. Tdrey
dealt with as soon as the plants conception, tleeabing
period, and the dismantling.

How to learn from a no accident operating feedback?
Very few accidents have occurred for the world eacl
industry relatively to the amount of MWe producedl a
the number of operating years. Unfortunately, wiech

an accident happens, not only the operating swff i
concerned by the consequences but also peoplenggavi

around the plant at a high level, and at a loweelleall
the planet.

Nevertheless, conception of a nuclear plant isequit
different from one country to another, even witlie
same country (like in Russia for example). It is fame

for the safety policy of the country. This leaddlie fact

that the occurrence of a nuclear accident in a ttpus

not easy to extrapolate to another. Thus, thinkirag the
2011 Fukushima accident is an experience that st
used as an argument to stop everywhere with nuclear
energy is a mistake: this would be equivalent tpthat

if one day a technical defect leads the Japanese
Mitsubishi company to stop suddenly the use ofrthei
cars, this implies to stop the use of the FrenchaRk
cars. Of course, it would an aberration. This reaspis
valid for nuclear industry: the policy, conception,
operating, environment, culture of French nuclear
industry is so much different from the Japanesetbae
Fukushima accident cannot lead to the conclusien th
French nuclear production of electricity must bmpst

Despite these important differences, the intermafio
feedback can be used by French nuclear industigato
from accidental experiences. To illustrate thisposal,
we shall restrain in this short presentation todase of
two items:

» The safety probabilistic studies.

* A multidimensional experience feedback (internal

or external).
The safety probabilistic studies, or Probabilistisk

assessment (PRA), are a systematic and comprebensiv
methodology to evaluate risks associated with aptexn
engineered technological entity (such as an airlorea
nuclear power plant). Risk in a PRA is defined as a
feasible detrimental outcome of an activity or actiln a
PRA, risk is characterized by two quantities: the
magnitude (severity) of the possible adverse
consequence(s), and the likelihood (probability) of
occurrence of each consequence.

For this aim, the fact that the French nucleartflise
homogeneous is a real strength: a difficulty on one
reactor gives at once an adjustment for all thersth

The multidimensional internal experience feedbask i
based on:

e Systematic event analysis for each nuclear power
plant. Concerning this item, it must be noticed tha
EDF is the only nuclear operator in the world
adding a level O (zero) on the International Nuclea
Event Scale (graduated from 1 to 7) in order to
declare and give to the national regulator all itketa
even for safety event with no importance from the
point of view of safety.
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*  Shared data banks.

e  Statistical trend analysis.

* Injection of all the results produced by the above
items into the safety probabilistic studies.

* Use of all the results produced by the above items
to foster the experience feedback (Fauquet-
Alekhine, 2012a).

< A permanent re-questioning of the organization
robustness (for example, each plant re-questions
some decision making process through an
observatory for safety, radioprotection,
environment, production).

Concerning the external aspect, the experiencebéed
analysis for the EDF company leans on:

e The feedback of important nuclear accidents.

* The accidentology, analyzing the important
accident analysis, including all industries in gver
country.

* A permanent benchmarking and look-out.

« A permanent re-questioning of the socio-technical
system.

We shall thereafter develop the external aspecthef
multidimensional experience feedback.

The feedback of important nuclear accidents

The Three Miles Island accident (USA, 1979) led to
optimize the Human-Machine Interface with a strong
belief in the all-technology control. Focusing diistall-
technology control has yet shown its limits and the
Tchernobyl accident (Ukraine, 1986) has led to tate
that taking into account the HF aspects is thugequi
important. This has notably pointed out that thertdn
contribution to the accident occurrence could be
significant. It gave rise to the realization tha¢ forocess
safety could not be only or at least mainly based o
technical automatic controls. The place of Humaside

the process had to be reconsidered. This industrial
catastrophe has shaked the world of risky indisstaied

has led all decision-makers to seek work axis ittfoece

the socio-technical systems and make them safer
(Amalberti, 1996 et 2001; Reason, 1993 et 2008) tfk®
French nuclear industry EDF, one of the main padats
been to development a HF policy, with the creatién
the job on each nuclear power plant: Human Factors
Consultant. The HFC must help to take into accolmt

HF dimension at work (Fauquet-Alekhine, 2012b).

More recently, the Fukushima accident has led versé
analysis among which the own one of EDF. Withiew f
months, corrective actions have been identified and
implemented. For example, despite the important

differences between the Japanese and French socio-

technical systems, the EDF analysis has pointedhait

in case of a sudden problem with the same intetiséy

in Japan (whatever its nature), a French nuclearepo
plant could need a fast logistic rescue support.tkis
aim, the FARN has immediately been created. The
FARN is “Force d'Action Rapide du Nucléaire” (Fast
Task Force of the Nuclear) able to go beyond the
conventional means in a short time (Fig. 2).

Accidentology

One team of the Research & Development laboratories
of the company is devoted to this topic. Major deaits

of any industrial fields in any countries are azaly in
order to understand the causes and to study thgtianh
method applied by the investigation board in chavfe
the inquiry.

Fig. 2 a, b, c. Pictures of the first exercise loé FARN
took place in the French NPP of Cruas in Octobet 20

To give an idea of what can be done, we reprodece h
the abstract of a communication concerning theestbj
and recently presented by researchers of this teare
society of French language ergonomy (Dien & Fucks,
2011):

“Industrial risk management is a major challenge fo
companies. It is based in part on the benefit®eafring
from experience, lessons learned from the everits. T
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problem is therefore moved to the quality of thelgses

of event. From an exemplary investigation of a rail
accident, we will suggest that the ergonomic apphoa
tools are essential for understanding the causescti
and immediate of the occurrence of an event butttiea
root causes apprehension convene from other social
science concepts that are not yet integrated ime t
usual steps in ergonomics. In other words the epgun
approach which is essential for the management of
industrial hazards must also, in this area, incaige

the results of other approaches that are now less
familiar.”

The permanent benchmarking and look-out
One of the recent productions of the benchmarlsrté

Human Performance Program implemented since 2006.

A large benchmarking has been done (different
countries, different industries) to identify espdlgi i)
how can progress a safe industry by avoiding minor
events? ii) what helps a worker to avoid minor ¢s@n
The Human Performance Program is situated withén th
framework of the Human Factor policy of the company
and involves organization, interveners and managéme
of French nuclear power plants with the main aim to
enforce nuclear safety. It consists of several stamong
which one concerns the workers in the field for vero
Human Performance tools (HP tools) have been reduir
for any intervention on the equipment. These HHAstoo
are expected to soon be part of the professioraiipes

of any workers of the French nuclear industry. They
focus on the realization phase of interventions @uadte
the link with preparation phase and feedback pliaise
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Fig. 3: The six Human Performance tools expectdokto
part of professional practices, presented accordmthe
three work activity phases: planning, performance,
operating experience.

The HP tools can be described as follows (Theurier,
2010):

* The Pre-job Briefing: located after the preparation
of activity (including risk analysis) and its
appropriation by the interveners, and just befbee t
activity itself, the Pre-job Briefing is a specific
phase of mental preparation and coordination for
the interveners: sharing of  perception,
implementation of key risks in working memory,

 The Take a Minute: located on the workplace and
just before its start, it asked workers out of the
urgency of action for analytical look at the work
environment: am | on the right unit? the right kac
the right equipment? do | have a risk of accident?
... The "Take a Minute" is also used in case of
interruptions or progressive drift of the situason
outside the planned framework.

» Self-check: it permits one to avoid the usual globa
analogical way of reading. It asks analytic reading
(read aloud and point the finger) of the identifier
the procedure and its corresponding tag on the
equipment before implementation of an action.

» Peer-check: it asks, in addition to the self-check,
another person to verify the coherence between the
intention announced and the draft of the action to
complete before it starts. It helps strengthen
vigilance.

» The Debriefing: it definitely finished an activityy
expressing difficulty and facility encountered et
action and the "innovative" means in place to
achieve the result. It is a point of engagemerntas
a loop of progress for future interventions.

* Reassured communication or 3-way
communication: it allows to ensure that information
has reached the consciousness of the intervener
while he was focused on his/her activity. The
addressee must repeat the information received and
the addresser must confirm the accuracy of the
repetition.

Note that none of these practices (excluding theerd
of the debriefing) is expected to be written. Tai®ids
any "administrative" drift.

Quantifying the results induced by such actions is
difficult because they are always part of an acpan.
What can be rated is the result of all of thesentjoi
actions. To give just two indicators, since 2006thie
number of reactor automatic scram for French nuclea
power plants has been reduced by more than 209%hwhi
is considerable, ii) the number of events involviag
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punctual error has progressively and
diminished as illustrated by the graph on Fig.

constantly

»

N P significant safety

umber of Hi afety events
for 2006, 2007, 2008, 2009 and 2010

22006
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FEO  |m2009
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Fig. 4: Variation of the number of events involviang
punctual error of workers since 2006.

Another recent production of the benchmarking is an
organization of the experience feedback and its
integration by the PAC (Fauquet-Alekhine, 2012ale «
Programme d'Action Corrective », inspired by the
American CAP (Corrective Action Program). The PAC
is based on a frequency of analysis of the inmdifigs

in a computer database, and a closure findingsysisal
actions-results-findings. Identification of the exignce
feedback and the material of which it is made up ar
done via the findings every day. The consolidatidn
data entering is made the day after to verify the
characterization of the findings and to ensure
homogeneity of these characterizations. This pdnt
fundamental because if there is heterogeneity &t th
level, trend analysis and statistical analysisgmeerally
impossible. Then, the findings are prioritized, teds
weekly and kept in check weekly and monthly. The a
is to appreciate whether the findings are archif@d
memory without action, or for simple action, or for
specific analysis. The whole gives rise to trendlysis.

Quantifying the results of such action is not yesgible
because of the very recent character of this action

The permanent re-questioning of the socio-technical
system

This state of mind and the consecutive organizaison
fundamental to maintain the socio-technical sysiera
permanent progress loop. All domains are concerned
within the company and thus examples are numerous.
We shall take just one example linked with what was
exposed above following the Tchernobyl accidente Th
consecutive Human Factors policy has been re-
questioned several times. In this framework, thenkn
Factors Consultant position has been re-definedvelf
have a look at the history of the job, since thgitr@ng,

six steps at least can be identified:

e 1993: the Human Factors Consultant (HFC)
position has been created within the company.

e 2000: the recruitment for this job has been adglste
according to the first feedback years.

* 2002: the profession has been included within a
specific management of the company jobs and the
profession guidelines have been published.

e 2008: jointly with industrial partners, a professi
master has been created in order to offer
newcomers in the job an academic background
adapted to the need.

* 2010: because of economic context changing and
staff renewal, and thus human factors context
changing in the company, the job profile has been
revisited thanks to all the HFC of the nuclear tflee
and their contribution has led to an adjusted re-
writing of profession guidelines.

Conclusion

All what is presented here shows that “no accidenthe
nuclear fleet” does not mean “no re-questioningi. the
contrary, it shows how the EDF company holds the
“permanent re-questioning” as the meaning of “no
accident on the nuclear fleet”.

Especially, referring to Bird's pyramid (1966)
reproduced on Fig. 5 obtained through a survey of
1,700,000 accidents and based on Heinrich’'s work
(1931), the systematic event analysis policy canceail
levels of the pyramid: the upper part is invesgtgat
through foreign events, and the bottom part is yeeal
according to the internal experience feedback iwgulo
and reinforced periodically according to the re-
guestioning of the socio-technical system and te th
benchmarks and permanent look-out. In agreemett wit
Bird’s findings, the policy consists to correctipprove
accident prevention, which implies to properly itfgn
weaknesses in the organizational system that have
potential for loss.

1 Serious injury (with disability)

10 Light injury (without disability)

30 Accident with losses (property/equipment)
600 Incidents or minor events

Fig. 5: The Bird’s pyramid (1966) showing that teer
exists 1 major accident for 600 minor events.

This contributes to the guaranty of a safe opegatirthe
French nuclear reactor fleet. What must be kephiimd
is that the zero-failure does not exist as it isutopia,
but we can seek the zero-consequences.
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Abstract
For many years, stress has been shown by resesutoher
be both a source of performance and a source of
cognitive disorders. Studies have shown how to oreas
some of those parameters identified to be closely
associated with the occupational stressed state of
subjects, involving heavy medical facilities redpdgy
specific devices and specific software for analygie
have here elaborated a simple protocol requiringjcba
metrology and simple straight data analysis, qedif
through specifics tests and showing a Yerkes & Dods
(1908) relationship between stress and performance.
Application for reactor pilots and anesthetistanirey
sessions on simulator has led to identify cognitive
disorder zone during training and suggestions lmseen
made for improvement.

1. Introduction
For many years, stress has been shown by reseatocher
be both a source of performance and a source of
cognitive disorders. Getting information about #ied
of influence of stress in a work activity has appéea
very useful to be able to work mainly under theijpes
influence of stress. For this aim, qualitative
considerations help, but the best is to maintain
quantitative approach because of the objectivitgniy
works have been done in order to make the link eetw
stress and physiological parameters in a quanttati
approach, and studies have shown how to measure som
of those parameters identified to be closely assedi
with the stressed state of subjects. Nowadays, some
medical facilities are available to do such inwgstions,
which require specific devices, metrologies, andnth
demand specific software for analysis (see se@)orit

" This work has been presented at A& European Conf. on
Developmental PsychologyAugust 23-27, 2011, Bergen,
Norway. It has been printed as a short paper ifPtbeeedings

of the the XV European Conf. on Developmental Psychojogy
2011, Pianoro (Italia): Medimond Srl., under theleti
“Cognitive disorder and professional development by
simulation training: comparison of simulator sessiofor
anesthetists and for nuclear reactor pilots”, 83-87

each step, specialists are necessary. But for some
industrial contexts, such a complicated organizatio
cannot be applied, for a matter of time and momdyle

it would be of great interest to have better knalgks in
specifics cases: classic training session, trainamg
simulator, evaluation, crisis management

Here we are involved in the elaboration of a simple
protocol, requiring basic metrology and simple igtia
data analysis, to be used on training simulatoes ghall
propose the comparison of anesthetist and nuclear
reactor pilot cases) by the trainers who are not
necessarily experts in medical researches. We are
interested in performance analyzed versus stress
estimation.  Different relationships between the
occupational stress and the performance have glread
been obtained by others (for example see the review
Staal, 2004; and also the work of Broadhurst, 1957;
Hancock et al., 2002). The final aim is to apprecia
whether trained people are in a cognitive disomitere

or not.

2. Materialsand M ethods
This study deals with a specific kind of mentaéss, the
short term occupational stress, versus performanice
workers. On the contrary of sophisticated metra@egi
and elaborated software which need, thereaftearefid
data examination to be sure of the conclusions (&tom
et al., 2009; Rohleder et al., 2009; Schubert .e2@09;
Bailon et al., 2010), we aim at a simple soluti@sdxd on
heart rate. Preliminary tests have shown that agiev
parameters (measured using a Polar FS2c) woultbbe,
this kind of stress, the mean heart frequency (3R
and maximum heart frequency (HR as shown before
by others (see for example Schubert et al., 2008&
following graph (Fig. 1) shows how the heart rate
changes with the different steps of the test: fache
guestion identified, the person starts to read,piaeson
reads, thinks, begins to write, writes and thiriksns the
page and starts to read
The heart rate always reaches the highest valuden
initial stage of dealing with the question, eithehile
reading, or when beginning to write. Then, durihg t
treatment, heart rate decreases, and increaseasififa
subject hesitates (case‘stop writing for example).
The record lets us think that, to have pertinerdrhe
parameters concerning stress, we must be interested
least by a mean value and a max value.
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Fig. 1. HR changes during the Stress-test accagrttn
the actions done by the subject.

2.1.The Stress-test

A Stress-test made up of 12 questions has bedrufiesl
to qualify the protocol and devices. It has bedwaby
French subjectdN=18; 50% male) healthy, same kind of
academic background, about 25-35 yo, in two differe
conditions: No Stress and Stress Conditions. Theee
expressions are used to differentiate the testitons,
knowing that the first one refers to stresslesditmms
compared to the second one in which stress fabire
been reinforced on purpose. For example, one ®f th
stressful factors included in the Stress Conditishile
not used in the No Stress Conditions of the Strestsis
the clepsydra. The clepsydra was said to bound the
activity time length (Fig. 2) in a very specific meer; it
was specially developed for the purpose. The cliyasy
presented three holes in the upper part of itsobott
receptacle and the subject was told to be expeted
finish the task before the water would flow outtbé
holes on his/her desk, as the experiment was coedluc
inside the subject’'s work office. Analysis has shaWat
this factor was highly stressful.

1
\/
: g

Fig. 2. The clepsydra designed by Fauquet-Alekfine
use during Stress-test taken by a subject who must
perform a given task (Fauquet-Alekhine et al, 20Thg
two receptacles of the clepsydra are put togetiner the
water flows from the upper part to fill the bottquart
until the holes are reached. Then the water wilvflout
of the clepsydra.

2.2.Elaboration of the Stress-test conditions : ti&
level qualitative scale

To elaborate the conditions, a 3-level qualitatboale
(3-LQS) has been developed and applied based ok wor
activity analysis, using stress variables within3d
source space (context, request or job demand @xrgu
context), subjets characteristics) close to previous
works (McLean, 1974; Karasek et al., 1990, 199&dd

to a 3-D symptoms space (physiological, psychokdgic
behavioral) as detailed in Fauquet-Alekhine (2011,
2012a and especially 2012b);: we made the
demonstration that short term mental occupatiottaks
could only be correctly modelized if the stress
consequences were taken into account.

The 3-level qualitative scale has been built onlihsis

of an a priori task analysis in order to identifyet
parameters involved or not in the stress. Forahig the
work activity analysis has been conducted in tvepst

a macro approach identifying macro-variables to
describe the stress conditions,

a refined description of those macro-variables with
variables to be identified, and an evaluation efth
variables as parameters contributing to the subject
stress.

Proceeding with two steps was better: it helped the
analysis to focus observations on each field bodrde

a macro-variable, made the analysis more efficlgnt
focusing then on each one, and led to a more efici
description and evaluation of the variables.

The following Table | describes the macro-variatdes
gives the link with their respective stress dimensi

Based on the studies done in the field of stressoak
(see previous section) and our own experience, @ana
variables have been retained and named to desanidbe
manage the conditions of short term occupatiomasst

It must be kept in mind that it would be differefor
others cases of stress: others parameters come into
account for long term stress or if the stress i$ no
principally linked to the job.

These macro-variables can be used to widely describ
short term stress induced on the subjects in work
situations, and match the parameters used in other
studies to describe stress conditions. In thisystedch
macro-variable has been broken down into several
variables that will be described below; these \deia

are a refined level of description and have thesibdgy

to vary from a no stress level to a stressful levar
example, considering the macro-variable "envirorthen
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we might be in a case for which the variable "caibthe
room" is relevant: a soft colored room is rathdaxmg,
while aggressive colors will be supposed to stress
people.

Of course, as reminded in the NASA review of Staal
(2004), "stress" is a term that can be applied g a
demand to a system. This means that "any task that
requires mental resources qualifies as a stres3is
must be understood as: "we ask, we stress", bustness

at a different intensity according to the spediigs of

the request and all the other variables linked wiith
request. Thus, as explained before, we must nok thie

"no stress level" of a (macro)variable as a level
characterizing an absence of stress, but it must be
understood as the low limit of the (macro)varialvtdch
could potentially be reached.

Table I. Identified the macro-variables for shoetnt
occupational mental stress during Stress-test raming
sessions.

M acro- source Description of the

variable dimension macro-variable
concer ned

T: task job demand Describes the task
dimension which has to be done,
context level of feasibility, task
dimension goal, organization and

means, time length.

D: context Describes the quality

documentation dimension of the documents used

by the subject to do the
task.

P: place subject’s Describes what means
characteristics the place for the
dimension subject, regardless to
context the following activity
dimension (association with some

jobs done there before
in such a place; if
unpleasant activities,
then stressful).

SS: social context Describes all

support dimension relationship with

people link with the
task during the job.

S: subject subject’s Describes feelings and
characteristics states of the subject
dimension which are known.

M: metrology | context Concerns the
dimension metrology which is

necessary used for the
present experiments.

E: context Describes

environment | dimension environmental

conditions.

AD: all dimensions Concerns some factors

additional which can be added

factors according to the
situation.

Each macro-variable is made up of variables, whieh

evaluated as a first approach on a 3 unit scale:

* no stress: it seems to have relaxing or reassuring
character, and it will likely be significant duritige
activity, for most of the subjects,

« medium : it seems to have neither any stressful
character, nor relaxing properties, and it will
probably be stable during the whole activity, but
can significantly vary from one subject to another
depending on the subject themself,

e stress: it seems to have stressful character, tand i
will likely be significant during the activity, for
most of the subjects.

These three levels are used to describe a prierétiect
of each variable on the psychological state ofstihigiect

in a qualitative approach. Evaluating these vaeisbl

according to this qualitative scale has helpeduitdithe

two kinds of conditions of the Stress-test as &t fir
approach. The evaluation of these variables can be
refined later, but the only way to refine themasmake

the subjects answer an adapted perception queatienn
of stress including these variables. During theception

of the task, it is difficult to be more accuratanhthis 3-
level qualitative scale: at this stage, we can only

postulate when the variable intensity will rathee b

relaxing, neutral (medium intensity) or stressful.

It must be noticed that the 3-level qualitativelsda a
major tool, and works according to simple rulesslof
great importance to remark that the identificatidrthe
(macro)variables, their description or their labtie
accuracy of the way they are refined, are not as
important as the exhaustiveness of the whole. Here,
exhaustiveness means that all the relevant paresnefte
stress must be taken into account within the
(macro)variables. Identification, description arabél,
can be done differently from one work analyst tothar

for one given activity; the main point is to buikl
pertinent 3-level qualitative scale and have aicefitly
refined analysis of the activity or at least of thsk to
reach a right evaluation of each variable levek Thles
for the 3-level qualitative scale are: exhaustiwsne
combined to pertinence, and correct level evaluatio

To illustrate these rules, we shall give short eplaist
Exhaustiveness and pertinence lead to the ideatiific

of variables: we wrote that it can be differentnfrone
specialist analysis to another, and that it will sypoil the
final results. This is true provided that exhaustiess
and pertinence will both characterize this ideodifion.
For example, two analysts can think about tool
ergonomy of the work activity. One of them will ki
that it concerns the macro-variable Task, the other
macro-variable Environment. Here, no matter which
macro-variable includes the ergonomy, the maingttén

to include it within the scale if it concerns thetiaity
with a relevant link. But is it really relevant? ibt, we
must not hesitate to banish it from the scale wimast

be exhaustive but meaningful, not overloaded. We ca
illustrate it with the application to the case bé ttask
built for the Stress-test: subjects have takentdse in
their job office; they will have to sit on theiridachair,
and work with a pen, reading papers. In this case,
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ergonomic problems do not occur: on the 3-level
qualitative scale, ergonomy is considered irrelévan
because it will have neither any significant sthglss
character, nor significant relaxing properties g is
especially done for this purpose), and it will habse
during the whole activity, and so from one subjtxt
another.

Exhaustiveness does not mean that every paramkter o
stress must appear on the scale: it must be rdlevan
according to the activity studied.

As we can see on Table 1, the (macro)variableseranc
both the 3-D spaces described in the previous aecti
(source and consequences), but can be only dedaiibe
priori inside the 3-D source space.

The results of the 3-level qualitative scale givihg a
priori description of the Stress-test conditionse ar
described in the following Tables 2 and 3. It hagrb
obtained by refining the macro-variables into Valea
which description is done here after, for which we
explain two extreme states concerning respectiigy
Stress and Stress conditions, using the 3-levditgtirze
scale.

Table Il. Identified variables for short term ocetipnal
mental stress during Stress-test in No Stress @ondi
and evaluation on the 3-level qualitative scale

Case of No Stress Test

Dimensions

T task level : easy - difficult

T task level : known - difficult or unknown

T task objective : clear - undefined or fuzzy
T task means : adequat - none or insufficient
T task organization : adapted - not sufficient or not adapted or new
T task : length : short - long

T task time constrains : without - with
T briefing task : helpful - useless

D doc : helpful - erroneous
D doc : understandable - complex

no stress

medium

stress

P place : linked with easy task - linked with difficult ta:
P place : known - unknown

SS social support : peer - subordinate
SS social support : helpful - agressive
SS social support : eval.with consequences - eval. wi
SS social support : quiet - disturbing
S subject competence perception : good or upper leve
S subject physical state : good - bad

S subject psychological state : good - bad

S subject risks perception for others : with - without
S subject self risks perception : with - without

S subject possible -

M metrology : none or invisible - disturbing

E environment sound : calm - noisy
Eer view : not

E environment smelling : normal - heavy

AD additional factors = Ant et Post factors APF
AD additional factors : others

description of additional factors

clepsydre

Table Ill. Identified variables for short term opational
mental stress during Stress-test in Stress Conditamd
evaluation on the 3-level qualitative scale

Case of Stress Test

Dimensions

T task level : easy - difficult

T task level : known - difficult or unknown

T task objective : clear - undefined or fuzzy
T task means : adequat - none or insufficient
T task organization : adapted - not sufficient or not adapted or new
T task : length : short - long

T task time constrains : without - with

T briefing task : helpful - useless

D doc : helpful - erroneous

D doc : understandable - complex

P place : linked with easy task - linked with difficult task
P place : known - unknown

SS social support : peer - subordinate
SS social support : helpful - agressive
SS social support : eval.with consequences - eval.
SS social support : quiet - disturbing

S subject competence perception : good or upper levi
S subject physical state : good - bad

S subject psychological state : good - bad

S subject risks perception for others : with - without
S subject self risks perception : with - without

S subject autonomy peception : possible - impossible
M metrology : none or invisible - disturbing

E environment sound : calm - noisy

no stress medium stress

As said before, the appreciation of the level islenay
the specialist, a work analyst, from his/her owimpof
view according to the way s/he built the conditidas
the parameter to induce stress or not, excephfiset of
type "S subject". For example, if the task is méatea
subject in agreement with his/her skills and corepet,
according to what such a subject is expected toviamd
to be able to do, the specialist will identify ttask level
as "easy", which will match "no stress" on the sc@n
the other hand, if the specialist identifies a tagdkch
cannot be done easily according to the knowledgk an
competence of the subject, s/he will identify tlaeskt
level as "difficult”, which will give "stressful" o the
scale. In the case of the task is concerned bydhable,
but for which no a priori estimation of effect ohet
potential level of stress is possible, then thell@hosen
is "medium".

2.3.Perception of Stress

The perception questionnaire of stress used fog thi
experiment (the Post Disorder Inventory or PDI
guestionnaire) has been elaborated earlier in order
obtain a quantitative measure of the level of didr
experienced, tested by several including in itsnEhe
form (see Jehel et al., 2005 and 2006). This quesire
has been chosen after having studied several
questionnaires for self-rating of stress, estabtishnd
scientifically tested. The Job Content Questiorenaif
Karasek has not been retained here because, etten if
variables are watched through the items, some igusst
do not concern the Stress-test or the trainingicess
and some variables, which are relevant to be asked,
not investigated by the questionnaire. The C&hen
Perceived Stress Scale (PSS) (Cohen et al., H8the
more recent Work and Well-Being Questionnaire
(Kilminster et al., 2007; Bridger et al., 2011),ncern
the long term stress and thus is not adapted sostbdy.
The State-Trait Anxiety Inventory (especially th€ A
form Y-A self-rating the subjed anxiety state)
developed by Spielberger (1983) has not been used
because it measures anxiety with too few referdnce
exogene parameters.

For the present study, the PDI questionnaire wasl us
immediately after taking the test. The subjects ewer
asked to answer each question according to a 3sleve
Likert type scale: not at all, a few true, ratheret very
true, extremely true. The questionnaire was used in
French (see appendix). The translated questionsstrd
below:

01-I felt helpless to do more

02-I felt sadness and grief

03-I felt frustrated or angry | could not do more

04-I felt afraid for my safety

05-I felt guilt that more was not done

06-I felt ashamed of my emotional reactions

07-I felt worried about the safety of others

08-l had the feeling | was about to lose controlnof
emotions

09-I had difficulty controlling my bowel and bladde

10-1 was horrified by what happened

E environment view : not agressive - agressive
E environment smelling : normal - heavy

AD additional factors = Ant et Post factors APF
AD additional factors : others

description of additional factors
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11-1 had physical reactions like sweating, shakisgd

pounding heart
12-1 felt | might pass out
13-1 thought | might die

2.4.The protocol

The protocol applied to generate the test condititn
described in Table 1V, each column referring toiven
condition. Each line of Table IV describes one sbép

the protocol

and the difference between the two

conditions can be easily understood.

Table IV. Comparison of the two Stress-test condgi

Stress  Conditions for  the

Stress-test

No Stress Conditions for the
Stress-test

The researcher presented the t¢
as a set of twelve questions to
answered as fast as possible, in
time presented as limited by t
clepsydra that will be charge
with water (Fauquet-Alekhine &
al., 2011). It is explained that th
clepsydra has holes that will pou
water on the desk if it is nd
stopped soon enoug
corresponding to the time th
subject will finish the test: thus
the subject must answer fast, al
no information is  given
concerning the given time.

sThe researcher presents the test
pbas a set of twelve questions to be
answered without any limit of
etime. Nothing is said concerning
il the clepsydra as it is not used.

D O e~ —= O ~+

nd

The researcher informs th
subject that, during the test, th
monitor will be worn on the wrist|
and that it will give out a bee
when the heart rate rises over
given threshold.

eThe researcher informs the
esubject that, during the test, the
monitor will be on the table in

b order the make some
ameasurements of heart rate.
Nothing is said concerning the
beep as it will not be used.

The subject is asked to K
involved in the test until the eng
if s/he accepts to begin, s/h
engaged her/himself to achiey
the test. The subject is sa
“alone”: it means s/he will not
have any possibility to ask ar
question during the test. If
question seems too difficult, s/
can go further, then come back
this question, or leave it. Whe
the subject decides that s/
reaches the end, the heart ral
monitor is stopped.

eThe subject is asked to be
:involved in the test until the end:
eif s/he accepts to begin, s/he
teengaged her/himself to achieve
dthe test, but subject is not
“alone”: it means s/he will have

yall possibility to ask the

A researcher any question during
ethe test. If a question seems too
todifficult, s/he can go further, then
ncome back to this question, or
deave it. When the subject decides
tethat s/he reaches the end, the
heart rate monitor is stopped.

In both cases, the mean and maximum heart rateestt sitting are

checked.

Before beginning taking the teg
the researcher sets the monitor
a low threshold to produce a bee
very quickly. It means that th
parameter value will be chose|
according to the maximum heaj
rate just measured at rest. Th
monitor is put on the subject’
wrist. Usually, a few second
after beginning the test, th
monitor beeps.

t,The researcher leaves the
pamonitor on the table. It will not
pdo any beep.

e

n

It

e

5

s

e

Then the test begins, and water|isThen the test begins.
poured inside the clepsydrg:
water begins to flow and makes
very rapidly the noise of a liqui
stream hitting a surface of water

Meanwhile, the researcher pacesMeanwhile, the researcher takes
up and down in front of the a sit close to the subject,
subject. reminding that he is ready to
answer any question.

During the test, the water inside The researcher is just waiting for
the clepsydra stops just under thesome questions. If there is no one,
holes: the quantity of water hashe reminds gently to the subject
been calibrated in order not t¢ this possibility.

wet the desk. The researcher then

says: “l did not put enough
water, but anyway, you must
hurry up”; he orders it severely
Usually, it happens before
question #7.

Meanwhile, the researcher keepsTthe researcher is just waiting for
on pacing up and down in front of some questions.
the subject.

When the subject reaches theDuring the test, the researcher is
question #10, the researcher saysust waiting for some questions. If
“now, hurry up, please”. As| there is no one, he reminds gently
before, he orders it severely. to the subject this possibility.

To avoid any bias due psychological interferences a
observed for example with the Stroop effect (sedist

of Mathewson et al. (2010) which concern perforneanc
of a pictorial Stroop task), the questionnaire présd is
written in black ink on white paper.

2.5.The Stress-test questionnaire

The Stress-test is made up of 12 questions. A
performance coefficient, based on the right answers
given by the subject, is calculated for each subjEleis
performance coefficient is related to the subjesitess,
according to lots of research works. Subjects must
answer all the questions, but only 9 questionsusesl

for analysis because 3 of them involve the cultural
affinities or the ability to calculate (they areedsin the
test in order to make the subject think not onlypwb
logical problems). For example, somebody who idduse
to traveling in Africa or America will have more
problems to know in which country is Minsk than
somebody traveling in ex-soviet union every year.
Concerning calculation, somebody who makes mistakes
can nevertheless reach the right results, whicimois
necessarily a matter of stress.

The test itself has been designed to be takentm B
minutes. Considering that we must spend time with t
subjects to present the test at the beginning ef th
meeting, and after the test we ask the subjectflito
guestionnaires, the whole time spent with the subjis
about 30 to 45 minutes. As we ask them to takeabe
on their place of work, i.e. their office, (in ord® fix
this environmental factor of the task variable),ist
welcome to make this time less than one hour (emss
one hour is acceptable; if more, we should takemaoh
of their time and subjects would not accept th8.tes
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The questions asked for the Stress-test are tleniol
types:

1) Link together numbers on two lists of six numbers
each (on one side, one has no correspondence, and
another is written twice).

Raven's progressive matrix: 3 series of 3 patterns,
one missing to be found on the last line.

Logical series: for each of the 3 series, findribgt
value.

Calculation test: a temperature is increased tijce
10%, so finally it has increased by 20% of the
initial value - right or wrong?

Cogs: one of them turns in a given way, which way
does the last one turns?

Cogs: same task than #5 but a bit more
complicated.

Perceptive test of reading: read the 3 lines oitahp
cursive text and find how many 'V' are in the text.
Language test: link French word with
corresponding foreign word (5 words of each).
Language test: encircle the odd word out among 5
foreign words.

10) General culture test: link towns with corresponding

countries (5 of each).

11) General culture test: link towns with corresponding
countries (5 towns, 7 countries, and some of them
have no link; 1 town and 3 countries).

12) Speed test: put in alphabetic order 12 letters
presented on one line, in capital letters (one is
written twice).

Among these items, #4, 10 and 11 are not usedhfor t
calculation of the score because, as said abowy, th
involve the cultural affinities or the ability takculate.

2)
3)

4)

5)
6)
7
8)

9)

2.6. Application to nuclear reactor pilots

Analysis of French nuclear pilots traininy & 100) is
done below using the qualitative scale. This isedom
order to evaluate the appropriateness of learning
conditions (concerning the effects of stress) witle
possibility of the trained people to find appropsia
conditions of learning.

The purpose is to use the 3-level qualitative saale
posteriori for simulation training analysis, while has
been done a priori for the stress-test.

The training of French nuclear pilots is scheduled
steps, involving 123 days spread over 15 montht ino
room and on simulators. The training in room caisSis
conceptual and theoretical knowledge, and of desarni

of the installations and materials. The training on
simulators consists of two parts, one on the situla
itself, and one in room to discuss what has beeredo
during the simulated situation; 3 hours are devdted
each part.

There are three kinds of simulators: part simulatolt
scale simulator, and virtual simulator. The fullakc
simulator reproduces the full control room of actea,
with a refined simulation of the physical paramgtef
the process. The part simulators are parts ofutedale
simulator; they are used to focus on a specifit pethe
piloting system; for example, one of the part sabols
concerns the feeding-extracting system of the @m®ce
(RVC mini simulator). The virtual simulator consistf

computers performing software reproducing physical
parameters; the installation is designed on theesgr
and water and coil are visible inside componenrdfyes

of the physical parameters are shown accordindhéo t
process in progress.

The five steps of the French nuclear pilots trajrane:
CFTR: Conduite Formation Ebrique Racteura Eau
Pressurié

(Theoretical training for Pressurized Water Regctor
COSN: Conduite en Situation Normale (Operating in
normal situation)

COSP: Conduite en Situation Pertéeb(Operating in
disturbed situation)

CAPE: Conduite en Approche Par Etat (Operating in
accidental situation)

CRSN: Conduite Retour aux Situations Normales (Back
to operating in normal situation)

Their characteristics are described in Table V.

Table V. Description of each step of the trainingle
for French nuclear reactor pilots.

Training | description room simulation
type training |training
CFTR Understanding the | 10 w. Part simulators
(60 d. industrial process | (by a 1 or| (3 types, 1 w.
distributed| from a technical and| 2 w. each)
on 6 m.) |theoretical standpointperiods) |+
full scale
simulator
(2x1w.)
COSN Operating in normal | 1 w. full scale
situation: simulator
watching in control (by 1 w.
room period)
understanding
piloting in control
room
COSsP Operating in 1w full scale
disturbed situation: simulator
watching information (by 1 w.
in control room period)
diagnostic and
decision
applying actions
control
CAPE Accidental situation] 3 d. full scale
trusting procedures simulator
understanding (5x1w.)
procedures structurgs +
and actions virtual
applying procedures simulator
(3x1w.)
CRSN Back to operating in O 3d.
normal situation:
reminding the COSN
adapting training to
the pilots’needs
specific plant
feedback

(d = day; w = week; m = month)
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The four first steps are closed by an evaluatiom.ti@
chronological scale plotted below, it happens adtsout
6 months, 8, 10 and 14 months.

1 month 0 16 18 110 14| 151

COSN COSP

Fig. 3. Chronological cycle of French nuclear reaict
pilots’ training.

To rate the state of stress evaluated with thev8tle
qualitative scale, we introduce the relative stimdance.

It is calculated by doing the difference betweemesst
and no stress variable, normalized by the number of
variables potentially involved in the activity asess or
no stress variables. Then, we compared to the tsesul
obtained by the futures pilots trained on the Hnenc
nuclear plant of Chinon during a given 15 months
training cycle. For this aim, the compiled data
concerning 2010 and involving more than 100 subject
have been analyzed.

It is important to notice here that the use of 3Alevel
qualitative scale has been applied independentlihef
results data analysis, to avoid any influence efrésults
on the scale appreciation.

2.7. Application to anesthetists training

After qualification of the protocol and device withe
Stress-test, applications have been done to fudlesc
simulation trainings for French anesthetist resisiém a
Paris district hospital N=27) using the 3-LQS and
physiological measurements.

Students were involved in a one day training s@ssio
operating theatre, and training was performed thelev
week (5 days). It means one different group ofualto
students was received every day. At the end ofvihek,
27 French students have been trained, played eliffer
role depending on the scenario.

Four different scenarii were used per day (less thae
hour each), and 3 students were training togetteer p
scenario, each scenario (about 30 minutes) followed
debriefing session (30 to 45 minutes).

The participants of the simulated situation forcargrio

were:

e 3 students playing the role of physician, nurs&, an
help,

« 1 physician trainer, playing the surgeon,

e 1 physician trainer piloting the simulator.

The scenarii were clinical cases involving only one

dysfunction (no cumulative cases). The 4 scenatew

« Asphyxia related to post-operative cervical
hematoma,

* Local Anesthetics intoxication,

» Peroperative third degree auriculoventricular bjock

» Peroperative respiratory arrest related to injectio
of myorelaxant drug.

3. Results & discussion
3.1.The Stress-test experiments
Using the 3-LQS of stress, two conditions of thee&§i-
test have been built up, No Stress and Stress Gomsli
for which the following radar graphs show the olwg&o
difference expected (Fig. 4 a & b).

medium medium

0]

no stress tress

no stress stress

Fig. 4 a & b. The 3-LQS evaluation of the Stress-te
conditions.

In order to verify whether the heart parameters can
reflect the state of stress as exposed by otheds an
reminded above, we have done a modal analysiseof th
mean heart ratéJRan, and of the maximum heart rate,
HRmax

This modal analysis has been done according to snode

defined as follows, expressed in bpm :
[-inf; 50[, [50; 65[, [65; 80[, [95; 110[[110; 125[, [125; 140[, [L40; +inf[

For each interval, we have calculated the proporabd
values included in, and we have drawn the valuesuge

the 7 modal intervals, foHR,ea,0Nn one hand, and for
HRnax On the other hand. The process has been done
separately for Stress Conditions subjects, and es$
Conditions subjects, represented on one graph as
different bars (Fig. 5).

The results clearly show that Stress Conditiongesibh
present higher values than No Stress Conditiongstsh

in both caseHRean@aNdHRpax

mode HR mean
100%

0,
80% B Stress conditions
60% O No stress conditions

40%
o jjﬂ]]I
0% -

a
mode HR max
100%
| Stress conditions
80% - ONo stress conditions
60%
40% |
20% H]:I]i
0% -
b 1 2 3 4 5 6 7

Fig. 5a & b. Modal analysis of HR for mean and max
values during the Stress-test

We thus validate the previous results cited above
(“Background” section), claiming that for short rrer
occupational stress, heart rate increases. Anayrdiog
to the analysis presented above and showing the
importance of the mean and maximun heart rate, we
accept HRean and HRyox as relevant physiological
parameters for state of stress characterization.
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From a qualitative standpoint, we can notice thasé
heart rate values are depending on the physiolbsfiate
of the subject. We can then decide that the phygicél
dependence ofiRea,Can be expressed by considering
the increase from a basic value which is usualyttbart
rate at rest for a subject lying dowWAR hean rest 1ain this
parameter is used to being measured when the s$sibjec
has been lain for ten minutes.
Considering the same kind of dependenceHBy,.,, we
must notice that this value is reached becausd¢het
rate increases under Stress Conditions, and as asore
HRuean IS high, as more the probability &fR ., to be
high is important (Fig. 6). We then suggest to @ersa
relative value of this increase in terms of thdeddnce
betweerHRean@aNdHRyay NOtedHRyax ampi
The modal analysis for the values of

(H Rmean_ HRmean rest Iai)

on one hand, and of
HRmax ampl

on the other hand, is done according to modes el:fs
follows, expressed in bpm :

[-inf; 5[, [5;10[, [10; 15[, [15;20[, [2@5[, [25; 30[, [30; +inf[
mode (HR mean-HR mean rest lain)
0% W Stress conditions
45% 1 I ONo stress conditions
A0%
8%
30%
25%
20%
15%
10% 1
— L
1 2 3 4 5 5 7
da
mode HR max ampl
50% | EStressconditions
= ro
40% No stress conditions
30% ‘
20%
10% 4i B i
0% T T T T T
1 2 3 4 5 6 7
b

Fig. 7a & b. Modal analysis of delta HR values obéal
during the Stress-test

The results clearly show that Stress Conditiongesith
present higher values than No Stress Conditiongestsh

in both cases. Yet, the discrimination of both egabf
stress is less marked fdtRnax amp Nevertheless, we
shall prefer these parameters than the previous one
because they take into account the physiological
characteristics of the subjects.

We thus accepHRmean_ HRmean rest Iai)l andHRmax amplaS
relevant physiological parameters for state of sstre
characterization.

For further analysis, we need to build a stressfictent
that will take into account this double relationshive
can formulate it as follows:
* The stress coefficient is
f( HRmean Hpmaxa HR’nean re& ]
whereHRean restdesignates a referenétR at rest
which can be lying down or sat,

* The stress coefficient varies B&yean aSHRmay as
(HRmean' HRmean re&- and aSHR'max ampl

» Physiological consideration suggest to consider
relatives values rather than absolute values farthe
rate parameters, which engage us to build thesstres
coefficient as a function 0HRean- HRnean rest and
HRuax ampi rather than a function ofRpean and
HRax

We thus formulate the stress coefficient as follows

f( HRmean' HRmean rest HR’nax am[)

From a strictly mathematical standpoint, we can enak
the assumption thads varies as the result of the increase
0f HRpean from HRmean rest 8Nd HRyax ampi It l€@ds to
introduce a stress coefficient ritten as:

Ks = (H Rmean‘ HRmean res) . HRmaxampI

In order to know ifKg can reflect the state of stress, we
have done as above a modal analysis according d@sno
defined as follows, expressed in bpm

[-inf; 50[, [100; 200[, [200; 300[, [300; 4D0 [400; 500[, [500; 600, [600; +inf[

For each interval, we have calculated the proportb
values included in, and we have drawn the valuesuge
the 7 modal intervals, fdks in No Stress Conditions on
one hand, and foKs in Stress Conditions on the other
hand, represented on one graph as different bars.

The results show clearly that Stress Conditiongesih
present higher values than No Stress Conditiongstsh

in both cases, as obtained for previous heart pateam

(Fig. 7).

mode Ks

50% | B Stress conditions

#5% | ONo stress conditions
40%
35%
30%
25%
20%

15% +

10% o
5% o
0%

1 2 3 4 5 6 7

Fig. 7. Modal analysis of the coefficient of strdssing
the Stress-test

We thus validate the stress coefficient defined as:

Ks = (H Rmean'H Rmean re&-HRmax ampl

We shall see further that this coefficient can be
simplified from a mathematical standpoint and some
pragmatic considerations.

As explained above, a score is calculated to etalua
each subject's success taking the test: one paint i
attributed for each right answer. Nine answers are
considered, and a mean value is calculated to tjige
performance coefficient for each subject.
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U 8 i o *
e . R*=05831
[ ] l’\

s 0,6 -
04
0,2
0 T
0 500 1000
Ks

Fig. 8. Performance coefficient,iKlotted vs stress
coefficient K discriminates the No Stress Conditions
(dark diamonds) and the Stress Conditions (clearesc
for the Stress-test’ subjects

The performance coefficient plotted versus thesstre
coefficientK; gives an inverted U curve (Fig. 8), which
is not without reminding the Yerkes curve type (ke
& Dodson, 1908).

The coefficient of determination is rather go&=0.58
p<0.01)

To evaluate the robustness of the correlationtesFhas
been done with the null hypothesis that the moitiettie
experimental data. Calculation givE§1,28)=0.85 for a
critical value Fcrit(1,28)=7.62, p=0.01. The null
hypothesis cannot be rejected and the correlasidept
as acceptable.

Furthermore, the graph discriminates the No Stress
Conditions (dark diamonds) and the Stress Condition
(clear scares). If we consider the set of dots gkkal
image of the state of stress of people, and if ersitler

the median value as the threshold between two pérts
the sample, one stressed and one not stressedrnaby
others; see for example the DARES report, 2008), we
shall find that this threshold corresponds to tattdring

off of the bell graph, with more than 81% of thdjgats

on the right side of the plateau according to #st they
respectively took.

These elements lead to several conclusions:

e The tasks built for the test are actually of twods:

No Stress Conditions and Stress Conditions, as the
subjects finally show two states of stress clearly
separated materialized by the flattering-off
threshold. This leads to the conclusion that the 3-
level qualitative scale used to create the conultio

of test is effective and confident.

e The curve drawing the performance coefficient
versus the stress coefficielis gives a satisfactory
description of the stressed state of subjects,adind
their linked performance, and it matches the Yerkes
model: more the subject is stressed, more s/he will
be efficient, until a threshold of stress over wbhic
the subject will enter a cognitive disorder zonat th
will reduce her/his performance.

We must yet consider the pragmatic side of the atkth
We claimed that our purpose is to develop a simple

protocol, requiring basic metrology and simple igtia

data analysis, to be used on training simulatorghey

instructors, who are not necessarily experts inicatd
researchesOne problem then appears: the measurement
of the heart rate at rest when the subject is Igiogn. In
situations of training sessions on simulators,
observations show that this operation is not egg.
have seen several cases for quite different proiess
and every time, this parameter is not measuralileirwi
the time of the sessions:

» For all cases, training sessions are overloaded and
do not allow to spend ten minutes to measure the
heart rate at rest.

* In most cases, no place devoted to such rest exists
Even if a rest room is made available for this
purpose despite the problems of space in industrial
or training centers, it will be for one person, and
one session involves four to six persons for the
nuclear reactor pilots, eight for the anesthetiats,
least two for pilots of civil planes or harbor pggo
this means 20 to 60 minutes to be spent just fer th
measurement.

There is one solution that consists to try to farbther
heart rate parameter at rest: for example, we could
choose the one measured during our test, just éefor
taking the test (as described in the section pteggthe
protocol). But it has been observed that some ef th
subjects were stressed before taking the testngluhie
introduction speech (Fig. 9). It was assumed that t
could be linked with the young age of the subjebts,
the graph below, comparing both heart rate atlyasg
down or sitting (in bpm) versus the subject agey@ars)
shows that it is not the case, but depends onuhpst
themself. Thus, the heart rate at rest for theestbgat
just before the test cannot be kept as a validreate
heart rate.

140

120
100 ® . #HR mean rest
80 + + (sat)
] iy
50 * s¢umy ®WHR mean rest
- ' (lain)
40
20
Q T
20 30 40
subject's age

Fig. 9. HR at rest for the Stress-test’ subjects

There is another solution that consists to askvibek
physician to make such measurement during the annua
check-up, but he will opposed that, as otherstitis is

too short to do all he has to do.

Another solution consists to ask all trainees tdfquen
this measurement by themselves at home, for exaimple
the morning, before getting out of bed. But you te&n
sure that the reliability of the data will be dduibtor for
some of them, you will not have any value. To iitate
this point, we shall just take a few lines to ekplahat
happened with the present test. At the end of #s¢ t
meeting, subjects have been asked by the reseaxher
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perform by themselves their own heart rate at rfest.
this purpose, they have been asked to measurehiesir
rate during one minute, in the morning while waking
after sleeping at night, before leaving the bed. Rore
than the half subjects, the value was given intovileek
following the test. For a quarter of them, it ocedr in
several weeks, and for the last quarter, it tookentban
six months and was obtained after lots of recalls b
email, phone and sms! All this induced a delay an o
research.

For these reasons, we think that it is of greatregt to
introduce the reduced stress coefficiEgtthat does not
integrate the heart rate at rest, and to checkoliglity
(Fauquet-Alekhinet al, 2011).

The reduced stress coefficidfy, is defined as follows:
Ksr = HRimean- HRmax ampi

The performance coefficient plotted versus the cedu
stress coefficienK, also gives a Yerkes curve type (Fig.
10). As for theK; curve, the graph discriminates the No
Stress Conditions (dark diamonds) and the Stress
Conditions (clear scare). We must notice that the
correlation is of the same order but slightly beftth a
better coefficient of determination i€=0.69), and, more
important, that the subject dots are characterized
relatively to the others at same level (or not gigantly

far): in fact, introducing the heart rate at resesl not
bring a valuable gain in terms of characterizatidrihe
subject’s performance-stress inside the group.

1
* {0 ¢
08 T —
s £ =\ Re=0698
o [ *
= ]
0.4
0,2
0 i .
0 1000 2000 3000
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Fig. 10. Performance coefficient, iglotted vs reduced
stress coefficient Kdiscriminates the No Stress
Conditions (dark diamonds) and the Stress Condition
(clear scare) for the Stress-test’ subjects

Conclusions are

e We demonstrated that a representative stress
coefficient can be elaborated from the measurement
of mean and max amplitude of the subject. These
parameters are easily measurable by a classic heart
rate meter provided in ordinary sport shops.

* This coefficient gives a good representation of the
subject’'s state of stress during a work activity in
which mental stress is involved, which means
without physical stress.

e« The subject’'s heart rate at rest can be used to
calculate the stress coefficient, but does not give
more information concerning the subject’s state of

stress according to the sample of subjects (narrow
age interval). Thus, as it takes time to obtairs thi
parameter, and as, in some application
configurations, it can be difficult to ask peopte t
lie down in order to have a rest before measuring
the heart rate, the conclusions allow to use the
stress coefficient without the heart rate at rest.

3.2.Application of the 3-LQS to French nuclear pilo
training

Application of the 3-LQS for the French nuclearofsl
training in order to evaluate the appropriatenegs o
learning conditions have led to the assumption sbate
difficulties could occur at the end of the trainingcle:
Fig. 6 a & b permits a comparison between variatbn
stress at different stages of the training perisihgi the
3-LQS rating, and results obtained by the Frenatieau
reactor pilots taking exams for the three last etagt
shows a similar variation, decreasing with time.
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0,0%
-10,0%

stre:

—
2 4 6 8 10 12 14

=relative stress balance

failure/success ratio

nostress

months

8,0% —
6,0%
4,0% —
2,0%
0,0%

0 2 4 6 8 10 12 14

- months
= failure/successratio

Fig. 6a & b. Comparison between variation of stress
(upper graph) and results for the French nucleaaatr
pilots (bottom graph) during the training cycle éxis
expressed in months); they show a similar varigtion
decreasing with time.

The correlation coefficient (Fig. 7) related to the
evaluated stress balance by the 3-LQS and the
failure/success ratio at the pilots’ exam alongtth@ing
period isr=0.83,p<0.05.
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Fig. 7. Correlation coefficient related to the evaled
stress balance by the 3-LQS and the failure/suceess
at the French nuclear reactor pilot's exam along th
training period.
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Figure 7 suggests that the full success (0% for the
failure/success ratio) might be reached at -50%then
relative stress balance axis (intersection of titeedf
curve with the X-axis). Further studies based an 3h
LQS indicate that, in order to reach -50% of rekti
stress balance for the training, the variablesstevbrked

are the self-confidence, the task definition, anainy

the documentation arrangement.

Individual interviews of a several pilots have tHseen
conducted. They have been asked what was the more
difficult step in the initial training cycle, andhy. They

all agreed that the more difficult was the COSP
(disturbed situations) occurring between the eigfle
and tenth month. They explained that is was sirariat

of difficult situations because disturbed, and not
frequently encountered in non-simulated situations.
These rare situations imply to use procedures waieh
not often applied. So they are not well known bg th
pilots, and less ergonomic. This last specificigms to

be due to the fact that they are less used, satfjasted

to the user by the writer since the user makes less
remarks concerning those documents compared tosothe
daily used. The result is that COSP offers to thetp
disturbed situations to be dealt with complex aoa-n
ergonomic procedures, with little feedback from the
experienced colleagues in the daily work sincedlas
rare situations.

One could say that it is now time to proceed to esom
experiments with heart rate meter during the nuclea
reactor pilots' training. Obviously, this would begreat
interest to reach more accurate conclusions than th
above.

Unfortunately, this is not possible, especially feasons

of policy: the past five years have been a peribdand
negotiation between the union trades and the coypan
direction concerning the periodical evaluation gliites

of reactor pilots. This case is too fresh in mirat f
science to come and study what is going on durilogsp
tests: results could be used for policy objectieesl
interpreted by others in a way we would not agréé,w
without the possibility of making changes. To predtéo
such studies, ethic conditions must be clearlyndefiat
first with all those implicated.

3.3.Application of the 3-LQS and performance vsests
analysis to anesthetist’s training

Application of the 3-LQS for anesthetist residents’
training has detected stressful conditions (Fig. 8)

Application of the developed protocol studying
performance vs stress (qualified with the Stresg-teas
confirmed stressful conditions, showing that mdsthe
subjects were in a cognitive disorder zone df) as K,
graph of Yerkes type curve (see Fig. 9), on thbtraide
of the bell graph.

medium
A0

A

no stress stress

Fig. 8. The 3-level qualitative scale radar grappplied
to the anesthetist residents’ training.
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Fig. 9. Performance coefficient,lolotted vs the reduced
stress coefficient £in case of anesthetists’ full scale
simulator training.

Analysis of the factors leading to stressful coindi
done with the help of the 3-LQS shows that resilent
need to be more familiar with the simulator andhvifie
activity before being involved in this kind of wanlj
situations.

3.4.Comparative analysis

Comparison between both trainings, and analysis don
for each, have led to suggest improvements for each
profession.

It has been noticed that weaknesses for one may be
factor of no importance for the other. For example,
confidence in documents in real time for nucleacter
pilots appears a necessity for them and the lack of
confidence is thus a weakness. On the contrary,
anesthetists do not care as they use their merhawng
procedures in surgery theatre and reading themmgluri
the operation is not compatible with the work. Thihe
induced stress due to documents for pilots is not
effective for anesthetists.

It has been noticed that some stress variablematre
dealt with in the same manner. For example, pitots
progressively trained on simulator which makes them
progressively familiar with the simulator while the
anesthetists discover the simulator when trained.

For anesthetists’ training, the main point of imgrment
would be thus to make them familiarized with the
simulator before the training session itself, wish
progressive approach of the simulator in severpsst
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distributed on several days, including the famitiation
with observers whilst working on simulator.

For the reactor pilots, the main point concernsntieans
available in terms of documents: procedures must be
reviewed and ergonomic design must be obtainethtor
disturbed situation training.

For both professions, trainees must be able toeparc
their knowledge and skills sufficient for the taskthe
perspective of increasing self-confidence: thisliegpto
create or manage differently the previous steptheir
training.

4. Conclusions
Demonstration is made for i) an effective 3-level
qualitative scale able to rate stress conditionsh wi
regards of qualitative variables, ii) a simple paatl and
device able to evaluate short term occupationasstr
Tests are successful and suggest a reduced stress
coefficientKy as a relevant and accurate parameter for
this kind of stress rating. The Yerkes and Dods$moty
(1908) is matched. Application is done successfwitp
anesthetiststrainees and comparison with reactor pilots
training is done. For both professions, suggestians
made concerning the training improvement. Further
applications are planned for both professions ia th
coming years.

Symbols & Units

Symbol Quantity Units (SI)
HRnean Mean heart rate bpm
HRnax Maximum heart rate bpm
Ko Performance coefficient none
Ker Reduced stress coefficient | none
p Probability none
r Correlation coefficient none
R Determination coefficient none

Appendix
The PDI questionnaire in its French version used
immediately after taking the test. The 5 levelsdrikype
scale are useghas du tout, un peu vrai, plutét vrai, tres
vrai, extrémement vrai

01- Je me sentais totalement incapable de fairegpe
ce soit

02- Je ressentais de la tristesse et du chagrin

03- Je me sentais frusfe) et en calre car je ne pouvais
rien faire de plus

04- Javais peur pour ma proprécsirité

05- Je me sentais coupable

06- Javais honte de meséactionsémotionnelles

07- Jétais inquiet pour laé&urité des autres

08- Javais limpression que’gllais perdre le contfte de
mesémotions

09- Javais envie diriner et dallera la selle

10- Jétais horrifié(e) par ce quegvais vu

11- Javais des éactions physiques comme des sueurs,
des tremblements et des palpitations

12- Jétais sur le point de fé&vanouir

13- Je pensais qu@ilais mourir
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Abstract
The stress which we are interested in this studyshort
term occupational stress, while people at workaamieed
to perform a task bounded in a short time inte(abbut
several seconds to several hours). To charactéhnize
stress, (macro)variables can be distributed ambrept
to six dimensions (McLean, 1974; Palmer et al.,3300
Consequences due to stress are absent of the mOdels
work aims to make the demonstration that the
consequences (among which behavior) induced by the
short term occupational stress are important tdy ful
describe stress METHODS: In order to show the
importance of behavior to characterize short term
occupational stress, we have proceeded in two :stieps
first one investigated whether stressful (respessiiess)
conditions gave mainly stressed (resp. non str¢ssed
behavior analyzing performance versus stress, had t
second one analyzed how apparent similar stressed
subjects might give different consequences in teofns
behavior.— RESULTS AND DISCUSSION: Stress in
test conditions: Resulting data fulfill the thedcet
proposal of Yerkes and Dodson (1908), divided into
three main parts: i) the central part reflects tlamsient
state for the subject in terms of stress effegtshe left
part is linked to the positive state of stress ble
cognitive state, and iii) the right part concerr t
negative state of stress or the potential cognidigerder
state. They remind the concept of Human Functional
States (HFS) defined by Leonova (2009). The results
illustrate the impact on the subjecbehavior. Stress in
working situations: Observations and interviews hwit
trainers and trainees trained on full scale sinoutafor
risky professions have been done, highlighting how
apparent similar state of stresss can lead to rdiffe
behaviors. It shows that both the source factbstress
and consequences induced by the situation of stass
be useful for its characterization. The two 3-D cgpa

" This work has been presented at 178 Annual International
"Stress and Behavior" Neuroscience and Biopsychiatry
Conference May 16-19, 2012, St. Petersburg, Russia. The
abstract has been printed in the conference prowedunder
the title “Behavior as a consequence to fully déscrshort
term occupational stress”, 31

model of stress: The conclusion is that stressully f
defined by a two 3-D space concerning source and
consequences. The source 3-D is: i) the context
dimension, ii) the request or job demand dimension
(excluding the context), iii) the subject's chaeaistics.

The consequences 3-D is: i) the psychological
symptoms, ii) the physiological symptoms, iii) the
behavioral symptoms, or resulting actions. In eadb
space, the stress is defined by variables on eash a
which determines a volume of stress. The first nau
finds its consistency through the dimensions irtiéoas

and produces the consistency of the consequences
volume in which dimensions interact together as
psychological symptoms usually produce physioldgica
responses, both making possible or not behavidns. T
two spaces interact together, as symptoms produce a
feedback on the source.

1. Introduction
This study deals with mental stress. For this neatasts
have been done without any physical effort (sukjece
sat), and for application of the developed methait,
cases involving strong physical efforts are takeh af
the experimental data.
The stress which we are interested in is a shom te
stress, compared to long term stress linked witiordh
stress exposure (refer for example to the studifes o
Schuberet al. (2009) who compare both kind of stress).

In general, stress occurs depending on endo- and ex
parameters for one subject. Endo-parameters cahebe
physical and psychological state of the subjeat, exo-
parameters can be the context. The stress will take
different forms according to the parameters whidh w
be of significant influence. We can suggest adfsthort

and long term kinds of stress:

e Stress due to physical demand: intensive short or
long term stress mainly due to physiological
response of the body (sports, hung up by the feet
during yoga).

» Stress due to physical attack: both intensive short
and long term stress (war battle field, street
aggression).

» Stress due to physical contact with subject’s
agreement: intensive short term stress (patient in
surgical intervention).

e Stress due to psychological exposure, short and
sharp: mental intensive short term stress (verbal
aggression).

e Stress due to psychological exposure, short and
without violence: mental short term stress (taking
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an exam, dealing with a difficult task, physician
during surgical interventions).

e Stress due to psychological exposure, long and
without violence: mental long term stress (dealing
with a difficult task at work for several days,
physician during long surgical interventions,
chronicle exposure to organizational stress at
work).

In this study, we are concerned by mental shomnter
occupational stress, and by its relationship to
performance. The precision “short term” is impottéon

the reasons briefly exposed above. In case of teny
occupational stress, physiological parameters vary
differently. Details are given below.

Different kinds of parameters exist that can céniié to
occupational stress. But it would be a mistakeoru$

just on parameters generating stress for at lemst t
reasons: the first one is that a subject’s statstrefs is
usually induced by a combination of stressful and
stressless parameters, and the second statefacttbat

one parameter as the noise for example can beslsses
(relaxing music) but can become stressful (indaktri
environment with noisy engines). Furthermore, their
combined effects can be different than their irdlisl
effects (Liebl et al., 2012). Besides, parametersy m
depend on the subject or not. We may consider the
parameters related to the subject themself whiclsived

call the endogenous parameters, and the one from
outside, the exogenous parameters. The endogenous
parameters concern the subject's psychology and
physiology, while the exogenous parameters conatrn
those from the physical and psychological enviromme
temperature, surrounding noise, interaction with
colleagues, time pressure, work load, decisiotuldg...

All these parameters can be more or less stressful
depending on their intensity. Some of them can d&n
stressless as illustrated above with the case &feno
which means that one parameter can evolve on a “one
dimensional axis” with positive and negative valads
stress. For this reason, instead of speaking aftpater

of stress”, we shall prefer to say “variable ofess”,
according to the following considerations.

Considering the occupational stress, a lot of studnay
allow us to build a list of all the variables invet in the
rise or decrease of stress. Yet, such an exhaulsive
would be a fastidious work with a fuzzy gain: aegiv
work situation is not necessarily concerned bytladl
variables that could be listed. Some studies have
determined specific stress factors for given psites

(for surgeons: Arora et al., 2010; for anestheti¥ee et

al., 2005). We thus would conclude that for a given
situation, a lot of them are not significant whathers

are relevant.

We can argue by few examples how a variable can be
relevant in a context and not significant in anatteor
instance: Lazarus (1985) used the Hassles factwis a
Hopkins symptom checklist among which is “financial
responsibility” and “future security”. These two
variables are macrolabelled and we should rather

designate them as “macro-variables”. the financial
responsibility can be declined, for example, depsnd
on the work activity and on the company where the
subject works, as “the responsibility concerning tbss

of money for the company due to the accidental
destruction of materials”, or “the stable finandialance

of the team due to a safe management”; and future
security may concerns “the stability of the subgect
employment” or “the short term security of peoplke a
work due to a technical problem”. These two macro-
variables are giving here four variables. The diffee
between macro-variable and variable is the refilesdl

of the description of the parameter. These
(macro)variables can be concerned related to one or
several dimensions of stress.

Many analysis have been done and several modeds exi
to describe stress, performance, and their relsttipn
Among them for example, Karasek and his team
(Schwartz, Pieper, & Karasek 1988) found the betwee
occupation variance was:

e 4.2 % for psychological demand

e 25.9 % for physical demands

*  34.7 % for control
and so suggested an interesting concept for sitegsrk
(Karaseket al, 1990 & 1998).
An interesting review has also been suggested agl St
(2004).

According to the second theory proposed by Karasek
Theorell (1990), these (macro)variables can be
distributed among three dimensions describing tiess.

the request or job demand dimension including the
context, the subject’s autonomy or decision contad
subject’s social support perception.

Other models distribute these variables among three
different dimensions: the subject’'s vulnerabilitthe
context, and the stress factors (see Mclean, 19316),
over six dimensions: demand, control, support,
relationship, role, change (see Palmer, Cooper &
Thomas, 2003). As we shall consider stress at wbik,
stress is of occupational kind. We shall thus stsidgrt
term occupational stress, at which people at waek a
submitted when they are asked to perform a task
bounded in a short time interval (about severabisds

to several hours). We shall study the relationship
between performance and stress, and mainly the
influence of the conditions of stress on the penfmce.
Yerkes & Dodson (1908) gave a theoretical descnipti
of this relationship, assuming that performancesrigith

the stress level until a given threshold beyondctvhi
stress puts the subject in a cognitive disorderezon
making to performance decreasing (Fig. 1).

Yet, in mathematics, the dimension of a space ¢gabb

is informally defined as the minimum number of
coordinates needed to specify each point withimia 3-

D space, a point is fully defined by a set of 3rdatates,
and every objet is fully defined by a set of conedées or

a set of equations referring to the 3 dimensiors 15
possible only if the dimensions are independenhfome

to another.
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stress threshold

cognitive
disorder
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stress level

Fig. 1. The Yerkes & Dodson (1908) theoretical
description of this relationship performance vess:
performance rises with the stress level until a&giv
threshold (extreme of the inverted U curve) beyond
which stress puts the subject in a cognitive dispmbne
making performance decreasing.

The following analysis will show that the quoted dets

do not match these characteristics ,and that fer th
considered kind of stress, some dimensions areingiss
Specifically, we aim to make the demonstration that
consequences induced by the short term occupational
stress are important to fully describe stress. Agnon
them, the behavior as a resulting action is an napo
variable to be taken into account.

2. Methods

In order to show the importance of behavior to
characterize short term occupational stress, wee hav
proceeded in two steps: the first one investigatkether
stressful (resp. stressless) conditions gave mainly
stressed (resp. non stressed) behavior analyzing
performance versus stress, and the second steyredal
how apparent similar stressed subjects might give
different consequences in terms of behavior.

2.1 Method - step 1: performance versus stress
According to the knowledge of stressing paramegtrs
work, we built a test (thereafter named “Stresstemd
its context (Stress and No Stress conditions).

The test was made up of 12 questions. A performance
coefficient K,, based on the right answers given by the
subject, has been calculated for each subject.vtode

test protocol was the same for both Stress and thisS
Conditions. The difference came at the time ofrtgkhe
test.

Our subjects N=18; 50% male) were healthy, middle
aged (25-35 yo), charter engineers or physicisendh,
living in France. Choosing people with the same
academic background and the same kind of job ig ver
important, because they are all able to understarnt
deal with the questions of the test by the same. Way

means that the academic background, the profedsiona
job, and the social level, are fixed parameterarHeate

has been measured using a Polar FS2c for phystalogi
measurement of stress.

The whole test protocol was the same for both Staesl
No Stress Conditions. The difference came at the tf
taking the test.

The subjects were met in their job office. The
appointment was always planed between 9:00am and
12:00am in order to avoid post-prandial effect doe
breakfast or lunch. They were asked not to smoke or
drink any exciting beverage (coffee, tea, cola...least

one hour before taking the test. Every time, therdeas
closed and the researcher was alone with the duibjetc
disturbed. The phone did not ring.

The protocol of the test was as following.

As an introduction, the researcher reminds theesulgf

the aim of the meeting, and asks him/her to piglajper
randomly among several. This is done so that the
researcher does not choose the case which will be
studied: the drawing decides whether the subjedt wi
work in stress conditions or not. To maintain tiaéabce,

the drawing is done every two tests: after one ,ctime
opposite case is always studied.

Then, the researcher explains the need for measutsm
of the heart rate using a Polar heart rate moaital the
metrology is then applied to the subject. The nedea
explains the way it would go on: taking the test,
checking together the results, and then the relsearc
explains why the test is done as it is.

The protocol to obtain the two conditions for takithe
test is fully described elsewhere (Fauquet-Alekhate
al., 2012). They are elaborated according to a work
analysis of the test conditions done a priori asidgithe
3-level qualitative scale (see Fauquet-Alekhineakt
2011 and 2012): i) the Stress Condition has bedhtbu
be stressful for the subject, and ii) the stressofa of
the so called No Stress Condition has been supgatess
lessened. We called it “No Stress” to simplify i but
in fact, stress does exist during this test asyeyai
demand creates a stress at a more or less imptavaht

As we can see, for the Stress Condition test coeaptr
the No Stress Condition test, the work context is
elaborated for the subject to perceive as manyifaas
possible as a constrain.

The data obtained have led to match a Yerkes & Dods
curve type.
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Fig. 2. Experimental data obtained during the Sires
test, plotted with performance coefficientus reduced
stress coefficient i and fitting a Yerkes & Dodson
(1908) curves for a short mental occupational ftres
(Fauquet-Alekhine et al., 2011). The determination

coefficient of polynomial fitted curve i$ R 0.69.

The study is based on a previous work (Fauquet-
Alekhine et al.,, 2011 and 2012) in which it was
demonstrated that a Yerkes & Dodson curves could be
fitted for a short mental occupational stress (Fy.
plotting the subjects’ performance measured thrahgh
performance coefficieri, vs the state of stress rated by
the reduced stress coefficiel, gives a bell curve
where subjects working in stressful conditions aedl
discriminated on the right side of the graph (clear
squares) from other subjects.

These results are now used to conceptualize what ha
been named above abusively No Stress and State of
stresss according to the theoretical suggestiovieokes

& Dodson confirmed by our finding.

2.2. Method - step 2: apparent similar stress for

different type of stress.

The second step has been induced by a basic remark
shared by several trainers working on full scale
simulators, saying that trainees were trained & déth
stress as they were stressed during simulationinigi
sessions. The question then was to know whether the
stress induced on simulator was the same than glurin
work in non-simulated situations.

This has led us to perform observations and intevsi
with trainers and trainees trained on full scataudators

for risky professions. Observations have been dmik

in simulated and non-simulated situations. The
professions concerned by observations and intesview
were aircraft pilots, harbor pilots, and nucleaaater
pilots, all working in French companies.

3. Results & Discussions

3.1. Stress in test conditions

Resulting data obtained with the Stress-test fulfie
theoretical proposal of Yerkes and Dodson (1908),

suggesting that a stressed subject will have aeibett
performance than if not stressed until a givensioéd.
Measurements have been conducted in a context of
training on simulator, and results have shown times
differentiation: a stress threshold separating stoessed
subjects from others. Application of these condausi
has been done for event analysis in industry tstithte
how the potential cognitive disorder state indudsd
stress could produce an inadequate behavior (F&uque
Alekhineet al, 2011).

Thus, in case of mental short term occupationasstr
the stress has a positive effect on the performamtié

this threshold, and beyond it, subjects are less
performing because the effect of stress becomes
negative: subjects may be concerned by cognitive
disorder that makes them unable to perform coyreo#
task.

Our findings thus suggest that the Yerkes and Dwodso

curve can be divided into three main parts:

» the central part reflects the transient state fer t
subject in terms of stress effects,

» the left part is linked to the positive state akst
or stable cognitive state,

» the right part concerns the negative state of sives
the potential cognitive disorder state.

These different states remind the concept of Human
Functional States (HFS) defined by Leonova (2009).
They are drawn on the graph presented in Fig. 3.

performance
A
positive cognitive
stress disorder
state state

—_
Human Functional States

Fig. 3. Human Functional States (HFS) divided into
three main parts: i) central part: transient stdte the
subject in terms of stress effects, ii) left ppdsitive
state of stress, iii) right part: potential cogmié disorder
state.

With regards to these proposals, what have beeresham
abusively in previous sections No Stress and State
stresss can be now refined as three main level$F&
defined as follows:

* Low potential of stress (LPS)

» Efficient potential of stress (EPS)

» High potential of stress (HPS)
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Application of these results has been done for tven
analysis in industry as follows. On an industri¢gdn
(more than 1000 employees), the work analyst hags be
called upon in order to find the causes of theoactf a
field worker who had opened a valve while it was
forbidden and had provoked an important loss of
production with potential safety consequences. It
happened in 2009, while the company had made great
efforts during the past years to make the inteigest
more reliable, and the management did not undatstan
how such an act could have happened. When the work
analyst has met the field worker, he has asked thim
explain the whole story in details. The work antlyas
astonished by one detail: during the first halft pdrthe
story, the field worker appeared to work as a good
professional, but during the second part, he agpletr
work as a man who did not know the job at all. Bgri
the interview, the analyst has noticed several ildeta
which showed that in work situation during the seto
part of the story, the field worker was frighten&tep by
step, the analyst has put into light that the wonkas
able to work as a good professional until the threehad
entered a room containing valves and ducts with hig
vapor pressure. Then he discovered that the wdradr
known, several years ago, some colleagues beingeihj

by vapor loss in such a room, and that enteringhtgk
vapor pressure room was frightening him. Scarethby
place probably induced by the remembrance of the
colleagues’ accident, the field worker could notrkvo
anymore correctly. The frame of this event matdHES
defined above as the potential cognitive disortetes
Furthermore, this example illustrates how the piaén
cognitive disorder state induced by stress canymed
inadequate behavior.

These results illustrate that the way the subgetbie to
perform the task using know-how and skills depeonls
the HFS, and the HFS may determine the subject's
behavior.

3.2. Stress in working situations

The previous results show that the behavior careapp
as a consequence or a result of the stressedadtite
subject. The following intends to demonstrate that
similar apparent stressed states can yet be related
different behaviors. For this aim, observations and
interviews with trainers and trainees trained dhdcale
simulators and on non simulated situations for yrisk
professions have been done. Stressful situationg ha
been observed and put into discussion during the
interviews.

An aircraft instructor explained having lived a wer
specific situation, just once in his life. He waaiting a
team for aircraft piloting on full scale simulatofhis

simulator was equipped of screens in place of the
windows to reproduce the outside of the cockpit] an
installed on hydraulic motion in order to reprodube
movement and vibrations of the plane during thghtli
While the team had some difficulties to perform thgk,
the simulated flight derived to a simulated dramati
situation the end of which would be the crash. Aditw

to pedagogical goals, the instructor let the teamtd
deal with the problem, unfortunately without angeess
and the plane was falling down at high speed. Gn th
screen, the ground was approaching more and maore. |
the cockpit, vibrations were increasing. The 2{piam
was doing its best in vain and when the screens/atho
the ground up to the plane, the pilots put themsaon
their face to protect themselves from the impaait B
they were on simulator! The instructor was very
surprised of such a behavior. According to himthis
specific case, the trainees had felt a stressairalwhat
could be felt in a non-simulated situation, and piiets
had acted exactly as if everything was a real piaten
crash and finally, with their arms on the faceaaseal
crash.

In this case, it is difficult to claim whether pi$
stressed states are similar or not between sintuktel
non-simulated situations. Anyway, they are raree Th
following examples are more common.

Interviews with a Merchant Navy trainer pointed that

the observed stress could seem to be the samenin no
simulated and simulated situations (Fauquet-Aledhin
2011), but in fact not. This similarity only conoed the
symptoms. When the resulting action was considered,
what was done by the stressed trainee on simubedsr
not the same than what was done by the same siresse
person in non-simulated situation. It depended lon t
source of stress: on simulator, the trainee wassstd
because of the evaluation (source), and he wasnigad
the ship close to the edge very slowly (consequ&nce
while in the real harbor, the subject was stresssduse

of the workload and the number of vessels waitiog t
enter the harbor (source). He then led the shipecto

the edge much faster (consequences). In this thse,
state of stress seemed to be the same in simuened
non-simulated situations through the symptoms, but
differed through the induced behavior.

Interviews with a safety expert working on a nuclea
power plant and trained to pilot nuclear reactor in
accidental situations gave the same result. Thaeta
explained that he had co-piloted a reactor in aotal
situation twice during his career (4 years). Hel $hat in
these situations, he felt a stress and his mainezanwvas
the safety of the industrial plant and its envir@mmn
(source). Everything he did in these working situa
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was induced by this concern: act fast and effityent
(consequences). But on the simulator, it was quite
different: dealing with the reactor piloting in easf
accidental situations, his main concern was to gmeep
the following debriefing with the trainers (source)
during which he would have to show his good
understanding of the situation. For this aim, theywhe
took more time to read the procedure, and the kihd
information he had gathered (consequences) wete qui
different and more numerous than during a non-
simulated situation. Nevertheless, during bothagituns,

he felt the same state of stress. In this casesttite of
stress felt by the subject seemed to be the same in
simulated and non-simulated situations through the
symptoms, but differed through the induced behavior

This has highlighted how apparent similar HFS oést
can lead to different behaviors. As we have seka, t
difference is due to the stress source. Thus, tlecs
factors of stress are important to characterizesthess.
But these examples also show that consequenceseiddu
by the situation of stress can be useful for this
characterization. If we think to the graph shownFag.

3, each HFS can be related at least to two differen
subject’s behaviors, linked both with the sourcd #re
aimed action envisaged by the subject.

We have obtained similar observations for aircpilfits,
nuclear pilots, and anesthetists. Here, we canesighat
the behavioral symptoms must be taken into acctaunt
define the stress. These findings lead us to sudbes
Stress model presented in the next section.

3.3. The two 3-D space model of stress

According to us, an adequate model of the stress
phenomenon must be based on independent dimensions
as said above. When we check all our studied cages,
find some relationship between factors.

Our own observations show that:

« If context does not include all stress factors, ynan
Stress factors are part of the context. Thus stress
factors and context cannot be thought as two
different dimensions since not independent.

- Effective subject's autonomy depends on the
organizational context, which let us suggest that t
appropriate dimension is context rather than
autonomy.

e Subject's perception depends on subject's state, i.
subject's characteristics. They are also called
sometimes subject's vulnerability (Polevaya et al.,
2010), but it is an inappropriate noun as it mwest b
also considered the subject's strength.

« Social support and relationship are not independent

The conclusion is that the appropriate dimensioas a

» the context dimension (social,
environmental),

» the request or job demand dimension (excluding the
context),

» the subject's characteristics.

organizational,

Subject’s characteristics refer to the psycholdgica
abilities of the subjects to be sensitive or nostressful
conditions (for exemple: Zvolensky et al., 2005nda
these refer themselves to physiological charatiesiss
demonstrated by many researches. For example, tAlber
Shchepina et al. (2008) showed that rats could bem
or less tame according to adrenal glands sizedesfe
serum  corticosterone, blood glucose levels,
concentrations of amino acids, serotonin and taurin
levels.

But our aforementioned observations show that these
three dimensions are not sufficient to fully delserthe
stress phenomenon; as a matter of fact, we musitadm
that this 3-D model only describes the sourcerefsst In

the interactional approach, the stress is a rasfuthe
interaction of the three dimensions which produce
consequences that themselves describe the stregsaby
we call "symptoms" (Fauquet-Alekhine et al., 2011).
Symptoms are consequences of specific stimuli; drey
responses of the subject to these stimuli. We gjadhier
here subjective and physiological consequences as
"symptoms" (including "signs", while the strict nmiag

of "symptom" would only concern the subjective
consequences, the objective ones being designated b
"signs"). Symptoms may be  physiological,
psychological. As an extension, we can also spdak o
behavioral symptoms.

Physiological symptoms can be measured as heart rat
for example, and psychological symptoms can be
observed through physiological symptoms or known
through questionnaires of perception. Accordinghtese
symptoms (Fauquet-Alekhine et al., 2012), one can
define the type of stress and its intensity. Heve,can

see that the symptoms must be taken into account to
define the stress.

The conclusion is that stress is fully defined Wy tsets
of dimensions concerning on one hand the sourcds an
on the other hand, the consequences.

As described above, the appropriate set of dimessio

describing the sources is 3-D:

» the context dimension,

» the request or job demand dimension (excluding the
context),

» the subject's characteristics.

And the appropriate set of dimensions describing th

consequences is also 3-D:
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e the psychological symptoms,
« the physiological symptoms,
« the behavioral symptoms, or resulting actions.

In each 3-D space (Fig. 4), the stress is defingd b
variables on each axis which determines a volume of
stress. The first volume finds its consistency tigto the
interactions between the three dimensions (cortext
demand — subject's characteristics), and produces t
consistency of the symptoms volume in the secolmd 3-
space (psychological — physiological — behavioral).
These three dimensions interact together as
psychological symptoms usually produce physioldgica
responses, both making possible or not such betzavio
And the two spaces interact together, as symptoms
produce a feedback on the source.

3-D consequences space
psychological
physiological

3-D source space
context effects
request or job demand

)

interactions

subject’s charactenistics behavioral

feedback

Fig. 4. The two 3-D spaces model for short term
occupational stress

Unfortunately, this full description of stressed $JHf
can serve the characterization, may not alwaysestm
predictive extrapolation: as stressed HFS is cdagdxa
given subject in a given stressful contextelated to a
HFS described by variables in the two 3D-space$ wil
not necessarily be the same in another given ffitess
contextp. Similarly, if contexta is more stressful than
context B, the subject will not necessarily be more
stressed in contextthan.

Proof is the following results which reinforce the
suggestion that consequences are of great impertanc
fully describe the HFS as consequences vary from on
subject to another in a given context.

Among the subjects participating at the Stress-test
experiments described in sections 2.1 and 3.1letbfe
them were involved in a training program for haviag
new job in the same company. For this aim, they thad
take exams both on simulators and in front of an
examinatory board. We have compared the results
obtained at the Stress-test and the results irt sfbthe
examination board, for each subject, named A, B@nd
This has been done to evaluate the influence of the
contextual effect on the stressed subject’s belhagitd

to weigh up the importance of the subject’'s behatgo
characterize the HFS. Evaluation of the perceitesss
has been done using the PDI questionnaire accotding
our previous work (Fauquet-Alekhine et al., 201H an

2012). Results are shown on Fig. 5, for both cdsetex
Stress-test and examinatory board.

HFS zone: 0,7

0,6

0,5 Subject
cognitive disorder state

0,4 i —— A

03 - = B

02 - ¢
transient state 0,1 -

positive stress state { 0

Stress-test exam. board

Fig. 5. Comparison of HFS for subjects A, B ana@C f
two different contexts: taking the Stress-testianfdont
of the examinatory board. Evaluation of the perediv
stress has been done using the PDI questionnaire
according to Fauquet-Alekhine et al. (2011).

The results show three different cases for eacfestib

e subject A remains in transient HFS for both
contexts: Efficient potential of stress (EPS),

e subject B varies HFS from potential cognitive
disorder HFS (HPS) to transient HFS (EPS)
corresponding to the threshold zone defined by
Yerkes and Dodson,

» Cincreases the level within the potential cogeitiv
disorder HFS (HPS).

It appears here clearly:

» the contextual character of stressed HFS and the
great influence of the variables linked with the
subjects’ characteristics identified inside the 3-D
source space of the model proposed in section 3.3,

» the behavioral variation from one subject to anothe
showing that consequences are important to the
description of HFS.

4.Conclusion
On the basis of the study of performance vs stress,
have shown how the mental short term occupational
stress had to be fully described in a two 3-D space
model. We have questioned the apparent limits i th
model in terms of predictive extrapolation from one
known situation (including the subject) to another.
Further investigations will be conducted to analyze
performance level vs stress related to the cordext
also to analyze whether the subjects’ charactesisti
identified within the 3-D source space of the maualy
be characterized in order to refine the predictia¢ure
of the model.

According to the results that we shall then obtdlire
stress management will be think in term of dealinti
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the context variable (changing the context inflleergee
Fauquet-Alekhine et al., 2011) or dealing with the
subject’s characteristic within the context througklf-
regulation (Kuznetsova et al., 2005; Leonova e2@09

& 2010).
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Abstract
Nuclear power plants must constantly revisit their
organizations to ensure continuous improvement in
their level of safety. As with any complex and yisk
socio-technical system, training simulation is an
indisputable resource and unquestionably used.
Experiment results presented here show the
efficiency of a decontextualized software such as a
Serious Game to improve industrial worKers
performance expected to apply Human Performance
tools. In such a context, using Serious Game as a
pre-performing task helps to anticipate and reduce
industrial risks by increasing the reliability diet
task performance.

1. Introduction
Exploitation of nuclear power plants implies a high
level of safety and of work activity reliability.hE
production division of EDF always tries to find
organizational solutions in order to reinforce #os
lines (see for example: Le Bot, 2004; Fauquet,
2007, 2008; Fauquet-Alekhine, 2012a). Since 2006,
a Human Performance Program has involved all the
nuclear power plants of EDF, within one topic
concerning reliable professional practices for
workers in the field often called by the internaab
community: Human Performance tools (HP tools).
Benchmarking done abroad and concerning
different industries has shown HP tools could help
to avoid events (see for example Fauquet, 2009;
Fauquet-Alekhine, 2010; Fauquet-Alekhine &
Pehuet, 2011). The production division of EDF has
selected 6 of them to be applied during activities
(Theurier, 2010; Fauquet-Alekhine, 2012b).
The HP tools can be described as follows (Theurier,
2010):

" This work has been presented at thé" E-Virtuoses
Conference23-24 May 2012 - Valenciennes — France

* The Pre-job Briefing: located after the
preparation of activity (including risk analysis)
and its appropriation by the interveners, and
just before the activity itself, the Pre-job
Briefing is a specific phase of mental
preparation and coordination for the
interveners: sharing of perception,
implementation of key risks in working
memory,...

 The Take a Minute: located on the workplace
and just before its start, it asked workers out of
the urgency of action for analytical look at the
work environment: am | on the right unit? the
right track? the right equipment? Do | have a
risk of accident?.. The "Take a Minute" is
also used in case of interruptions or
progressive drift of the situations outside the
planned framework.

» Self-check: it permits to avoid the usual global
analogical way of reading. It asks analytic
reading (read aloud and point the finger) of the
identifier on the procedure and its
corresponding tag on the equipment before
implementation of an action.

» Peer-check: it asks, in addition to the self-
check, another person to verify the coherence
between the intention announced by the
internener and the draft of the action to
complete before it starts. It helps strengthen
vigilance.

» The Debriefing: it definitely finishes an
activity by expressing difficulty and facility
encountered in the action and the "innovative"
means in place to achieve the result. It is a
point of engagement inside a loop of progress
for future interventions.

* Reassured communication or 3-way
communication: it allows to ensure that
information has reached the consciousness of
the intervener while s/he was focused on
his/her activity. Theaddresseenust repeat the
information received and theddressermust
confirm the accuracy of the repetition.

These HP tools are expected to soon be part of the

professional practices of any workers of the French
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nuclear industry. They focus on the realization
phase of interventions and make the link with
preparation phase and feedback phase (Fig. 1).

For this aim, specific training programs have been
implemented both for field workers and for

managers. Even if the results are very good inderm
of safety results (Fauquet-Alekhine, 2012b), work

analysts and experts evaluate the progress as less

good than what might be expected. Furthermore,
observations in the field show that indeed HP tools
could be applied by field workers more efficiently
and that HP tools are not yet part of the professdio
practices as planned. Thus, new training solutions

have to be found, and transference programs have

to be built according to these new solutions.

Istained proactive approach e
.

~ 1mnstop —2
3 ways communi-
cation

gelf check
Safety significant events

‘ify?ost-job briefing .
Operating experience

-_Peel check_e

\sk assessment
Pre Job Briefing ™. -~

sk Analysis

/‘;‘ Sustained synchronisation

K | | ,"’
N 1
Itlanmng <——¥ performanee—- — 0E+

Fig. 1. The SiX Human Performance tools expected
to be part of professional practices, presented
according to the three work activity phases:
planning, performance, operating experience.

As this paper is devoted to the training aspect and
as the conference aims to deal with virtual tragnin

tools, we shall focus on one of the solutions sbugh
by the nuclear power plant of Chinon related to

these topics. The solutions sought are based on the

following findings:

e« From the pedagogical standpoint, it can be
efficient to train people to new practices in a
definitely decontextualized situation, provided
that the following transference period of know-
how is adapted for the trainees to develop the
expected skills (Fauquet-Alekhine, 2011).

e In 2011, an experiment has been conducted on
the nuclear power plant of Chinon suggesting
to workers, during a half-day demonstration,
the implementation of HP tools during
decontextualized playful activities (Fig. 2 to
4). The result was that several hundreds of
workers came here and took real pleasure to
apply HP tools. The observations were quite
different from those which could be done in
the field: it appeared that both characteristics
(decontextualized and playful) and their
combination could be a successful blend for

the HP tools to be more easily accepted and
applied by workers.

d

Fig. 2 a & b. Implementation of HP tools during

decontextualized playful activities. Here, a fagtic
bomb must be switched off.

Fig.3a &b. Implementatlon of HP tools during
decontextualized playful activities. Here, a) very
special order for shopping, b) a labyrinth in which
the way must be found according to clues given by
a coworker beyond the wall.

Fig. 4. Implementation of HP tools during
decontextualized playful activities. Here, a car
race with radio remote control and a part of the
circuit hidden behind a wall where a coworker

gives clues for the car to keep on the race.

The solution then is oriented to a pedagogical tool
presenting these two combined characteristics. The
form is a serious game in its playful dimension
called “ludus’ by the experts (see the recent
analysis of Alvarez & Djaouti, 2011).

2. Material and methods
The experiment has been conducted in April 2012.
Subjects were invited for taking a test involving
three devices. The test concerned one, two, oe thre
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of them according to a specific order. The three

devices (Fig. 5 a to c) were:

1- A mock-up presents ducts and valves to be
adjusted according to a procedure in order to
obtain a sample of clear water knowing that
valves and ducts are connected to a clear water
tank or to a colored water tank. In case of
mistake concerning the valves configuration, the
sample is spoiled by ink. The subject is free to
implement HP tools, but they are strongly
recommended. This device has been identified
as the reference activity (or tHeeal activity)
since it is the physical context and the only one
within which the sample of water can really be
spoiled. The mock-up has been designed so that
mistakes can easily occur : the two lines of
valves and ducts are tagged with very closed
labels. For example“1SIV104VR may be
confused with “1SIB104VR, “1SIV105VR’
may be confused with “1SIV105VA’.
Furthermore, the circuits are not aligned.

2- A virtual software specifically developed for the
purpose: the previous mock-up is reproduced on
the computer screen. The same activity is asked
but everything is virtual. As in device #1, the
subject is free to implement HP tools, but they
are strongly recommended. This device is
presented to the subjects as a virtual training
simulator in order to obtain better results on
device #1. According to previous work
(Fauquet-Alekhine, 2011), the avatar is chosen
female and peer as a co-worker rather than a
teacher, in order to get better results from the
trainee. The design takes into account research
results linked with virtual training software.
Recently, Beale & Creed (2009) noticed that
these results depended on the role played by the
agent: they suggested that an agent taking the
place of a co-learner for the subject appeared to
be perceived more positively than a tutor-agent.
Burleson & Picard (2007), quoted by Beale &
Creed (2009), found out that subjscgender
had significant influence: female had better
perception of the agent providing affect support
than the one providing task support, while it was
the opposite for male.

3- A serious game, no link with the activity of the
devices #1 and #2, is suggested for the subject to
have HP tools training. This Serious Game is an
education game which aims to help people using
the ATM device. It is available for free in
English version on the Grey Olltwit Educational
Software web sitewww.greyolltwit.com We
have used it with French subjects in order to

remind application of the HP tools. The subjects
knew how to use ATM, but were not used to

using it in English. The HP tools had to help to
be efficient. The scenario was as follows: the
subject had to imagine being in holiday in

England and asked by an old woman for help
using the ATM according to a check-list she

gave him/her. The tasks to do were : change
your PIN code, view balance account on the
screen, withdraw 50 with a receipt, withdraw 50

without a receipt, print a mini statement.

The devices were used for tests involving each case
according to the following order:

e Configuration A=1

e Configuration B = 2 then 1

e Configuration C=3then 1

Fig. 5. a) Mock-up with ducts and valves to be
adjusted according to a procedure. b) Software
presenting the virtual device with ducts and valves
to be adjusted according to a procedure. ¢) Serious

Game for HP tools training.

Subjects are workers NE23, 80% male in
agreement with the industrial context) and have
taken the test according to the distribution among
the three possible configurations given in table I.
These workers are expected to be familiar with the
reference situation task (device #1) and with tie H
tools. They are mostly technicians or engineers.
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Table I. Subjects distribution among the possible
configurations.

Configuration Subjects distribution (%)
A=1 26
B=2-1 52
C=3-1 22

Analysis has been done in order to appreciate how
device #2 (virtual) or device #3 (Serious Game)ldou
influence the results obtained on device #1.

3. Results & Discussion
Performance has been evaluated only on the detiees #
it has been identified as the reference activigyicks #2
and #3 being training devices. Performance ratiag h
been done according to the expected final reslda(c
sample of water) and the number of mistakes done
during the activity. A mistake is identified as soas the
subject does not touch at once the right valveoascdot
turn it as required. The mistake can be a hesitgtioe
subject tends to the wrong piece of equipment) or a
wrong handling (the subject acts on the wrong piafce
equipment and then makes a correction). Tableviégi
the proportion of mistakes on device #1 accordmthe
configuration of training. The proportion is thenmoer
of mistakes per subjects’ sample according to Téble
These proportions may be superior to 100% since
subjects may do several mistakes. We add to tteethat
proportion of HP tools applied per subject. Thipegrs
to be a relevant data since the aim of the traidienjces
is to succeed the water sampler with the help ofddis.
To obtain this value, the number of HP tools usgd b
each subject has been counted, then an average hadu
been calculated for each sample of subjects acuptdi
table I, and finally a proportion has been caladat
knowing that a maximum of 6 HP tools were expected
during the task realization. Figure 6 draws thedraph
corresponding to the results given in Table II.

The first obvious finding is that the work on theck-up
without any training just before taking the activgives
the poorer performance. Observations when perfamin
the task in configuration A have shown that verw fe
subjects thought about HP tools application. Th&a da
confirm these observation as we obtained for
configuration A the less HP tools applied.

Table II. Subjects efficiency according to the
possible configurations.

Configuration A=1 B=2-1 C=3-1
hesitations (%) 117 67 40
wrong handling (%) 33 25 0
failure (%) 17 17 0
HP tools (%) 39 47 57

140%
120%
100%
80%
60%
40%
20%
0%

117%

W A=mock-up

B B=virtual software + mock-up

C=ATM + mock up

57%
477
3% 39%

5%

1797%

failure

Hp tools
applied

hesitation ~ wrong handling

Fig. 6. Subjects’ efficiency according to the task
configuration.

Concerning the configurations with training, theuis
obtained show clearly that they improve the task
performance. The main finding appears in the
comparison between the effects produced by each one
while we could expect that the dedicated virtualicke
(#2) could give better results, in fact they ard¢aoted
with the decontextualized software focusing on bi¢ls,
with  100% success, a significant decreasing of
hesitations during the task performing, and the
disappearance of wrong handlings. Furthermoreh@ t
case of the decontextualized software trainingpiain

the higher level of HP tools application.

Yet, it must be noticed, as said above, that thsests
were expected to be familiar with the referenceasion
task (device #1) and with the HP tools. This mehas,

in our experiment, we do not teach the task andHRe
tools to the subjects: they already know them, have
already practice them, and the pre-training hetpset
summon existing skills, making the workers more
efficient. In this perspective, the Serious Gampeaps
more as a pre-formating software rather than a pre-
training software. The average time to perform the
Serious Game task is 5 minutes.

4. Conclusion
Our experiment results show that a decontextualized
software such as a Serious Game can improve workers
performance using Human Performance tools (reliable
professional practices) providing that an initigining
has been achieved both concerning Human Performance
tools and the task to be performed. The Seriouseégam
here a pre-formating (rather than a pre-training)
software; this means that it helps to re-summostigg
skills, making the workers more efficient, but ded not
help to acquire new know-how or skill.
The potential gain is important from safety andrexoic
standpoints: results show higher efficiency withsie
virtual training and their cost may be lower thahatv
has been used to date. Safer operating of indugtaats
will be interesting for the operators as for theope
living around such sites. Financially, this appeartow
cost since we have demonstrated that a decontesddal
software such as a Serious Game can improve workers
performance using Human Performance tools. This
means that the software does not need to be deditat
the industrial device; there is no need, at tragetof the
working activity, of a virtual software reproducing
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strictly a refine context of the real activity. Thre-
performing Serious Game may be applied for any task
and requires short time. Yet, what is surprisinthat all
workers met in interviews ask for dedicated tragnin
devices to improve their practices. It means trextobs
Games as a decontextualized but adapted trainvigede
is not expected by them a priori.
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Abstract
Reliable professional practices are important tsuia
the safe operation of nuclear reactors. Such et
become effective only within a managed framework.
This implies managersinvolvement in the field. In
French nuclear power plants, specific training éeded
for managers as they have been for a long timéien t
field mainly to control, to check, to evaluate. \Mesent
here a focus on the manadeitsaining within the
framework of the Human Performance Program.
Concrete exercises are described.

1. Introduction
Exploitation of nuclear power plants implies a higtel
of safety and of work activity reliability. The ptoction
division of EDF always tries to find organizational
solutions in order to reinforce these lines (see fo
example : Le Bot, 2004 ; Fauquet, 2007, 2008). &inc
several years, a Human Performance Program has
involved all the nuclear power plants of EDF, witline
topic concerning the management in the field dealin
with organizational problems.
The present paper exposes what is done on the KPP o
Chinon to help the management to be effective & th
field with this aim. It explains why this can bdfitiult
and what kinds of changes it implies, and expobkes t
means which have been chosen, focusing on specific
training sessions.

2. Theindustrial context and the Human
Perfor mance Program

Since several tens of years, studies have shown how
much human contribution to safety of industrialiliies
is important;: safety cannot be only supported by
automatic protection and control systems and a
comprehensive socio-organizational approach of work
activities must be managed at every organizatiorlle
(Llory et al., 1988). Thus, organization and mamaget
of French nuclear power plants are involved in anldn
Factor policy which evolves permanently with theirma

" This work has been presented at k8 Human Performance
meeting of WAN(CR1-26 nov. 2010 - Oldburry - UK
http://www.wano.info/

aim to enforce nuclear safety (Fauquet-Alekhine, 220
Lagrange & Desmares, 1999). The Human Performance
Program is situated in this frame. It consists efesal
items among which one concerns the managemenein th
field. A large benchmarking has been done (differen
countries, different industries) to identify esdigi i)

how can progress a safe industry by avoiding minor
events? ii) what helps a worker to avoid minor és2n

Why being interested on these two points? Becavesete
analysis shows that majors events which conceretysaf
are always a combined contribution of several minor
events (by event, it is necessary to understandm g
between realized work and expected task; any event
detected leads to a treatment (Fauquet, 2004, 2005)

is assessed according to the INES scale; quasesnis
classified at level 0: "no importance from the paif
view of safety".

Avoiding minor events is thus useful to reinforaeciear
safety as soon as they are identified: studiesrfidasen

et al., 1994; Leplat, 2006) have shown that pragres
could be made in common work activities, those Wwhic
are made very often, and lead the workers to bd tse
their job (more efficient) but also used to the&ksigthey
could be in routine conditions and not see them).
Benchmarking has shown that Anglo-Saxon industries
are using some specific professional practicesy(dre
also said Human Performance tools, or HP tools) to
avoid such minor events (see for example Fauq0€9;2
Fauquet-Alekhine, 2010; Fauquet-Alekhine & Pehuet,
2011). The nuclear division of EDF has selectedf6 o
them to be applied during activities.

One of the problem is that those professional pest if

they are daily applied by a lot of Anglo-Saxon weng

are not part of the Latin culture, among which Efren
industries, and of course, nuclear power plants.
Furthermore, these HP tools seem to be more easily
applied in a given industrial environment, accogdio a
given kind of management culture. On French nuclear
power plants, since several tens of vyears, the
management was involved in the field mainly for
verification, control, and evaluation. The risk tthaas
identified by the nuclear division of EDF was that,
such a context, the HP tools could become a mean to
overcome organizational defects rather than make th
activities more reliable.

It has been decided to help the management to ehitsg
work in the field. To deal with daily organizatidna
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defects and help the teams in working situation, a
corrective action program has been launched to gena
minor events and their treatment, and a management
program has been engaged on all the NPP of EDF
(Colas, 2001; Theurier, 2010; Fauquet-Alekhine, 201

3. The management program in the Human
Perfor mance Program
First, the management is involved in an initialirtiag
session which spreads out over several monthsrae th
steps.

The first step is an informative session of two dsou
during which the head manager of each departmdht wi
brief his managers about the aim and the needs
concerning the manager in the field within the Hama
Performance Program. This is the time for the head
manager to make his staff understanding the gain
expected by a new way for the management to bleein t
field: not only for verification, control, and evaltion,

but also to deal with daily organizational defects.

The second step is a training period in the figidyrder
to help the manager to adapt this practice antuagtiif
necessary.

The third step is a meeting with other managershtare
about difficulties and solutions compared to whsit i
expected.

Then, there must be a permanent motivation of the

management to reach the goal. This is done by:

e the head management which reminds the
expectations concerning the management in the
field,

« the event analysis used to remind the meaning and
purpose of the "management in the field"
expectations,

e the view through some indicators,

- afeedback through the analysis of what they do,

e the training or retraining support used to remimgl t
meaning and purpose of the "management in the
field* expectations, to remind the expectations
themselves, to help the manager to be in the field,
and also to remind what is expected from the
workers concerning the use of HP tools because.

This permanent motivation has very soon been ifiedti
as a necessity, because a manager who is usedrarbe
the field mainly for verification, control, and duation,
is quickly going back to old habits.

4. The management program and the specific training

and retraining support
On the NPP of Chinon, we have built by time some
specific  pedagogical exercises concerning the
management.
Two full scale simulators are used to help them
practicing the HP tools, and them to observe thémase
in the field.

Two simulators, a software piloting simulator and a

pocket maintenance mock-up facility, are used in

classrooms for the same purpose.

Additional specific exercises are used to help the

manager in the field:

e Exercise for a Simple construction for HP tools,

» Exercise for a Complex construction for HP tools,

 Exercise for a Team activity with 2 kinds of
management.

Exercise for a Simple construction for HP tools

This exercise needs thirty minutes, including déstons
in debriefing.

The pedagogical aim is to hold the manager to see h
small organizational details can spoil the effods
workers in the reliability of activities.

Managers are asked to work in groups of two toethre
persons. Each team receives an operating mode, seid
of seven to ten wooden pieces. In ten minutes, thest
build together a four pieces frame. The operatioglens
the same for every team except the title.

At the end of the ten minutes, some of them ar®sRrg
something which looks like a tractor, and the ahwave
something which looks like a modern art constructio

(Fig. 1).

Fig.1. Samples of constructions proposed by the
participants involved in exercise Simple constiauctior
HP tools

We then explain to all of them that the operatingdes
where the same, except one detail. They excharge th
operating modes and usually can not see the diftere
every body focuses on the lines of the operatingleno
forgetting the title. The demonstration is donenagers,

as workers, forget to watch what will give them the
meaning of the work activity (the title) as soonthsy
think that they know what is the document about.

The pedagogical objective is to lead them to uridads
that one of the management tasks for Human
Performance is to make the operating mode effeetige
reliable, for the workers to apply HP tools in good
conditions. This must become a general conclushoay
must watch the organizational defects for the H¥¥stto

be effective.

Exercise for a Complex construction for HP tools

This exercise needs 1h30 to 2h, including 1h td)lfoB
discussions in debriefing.
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The pedagogical goal is to help the manager to tfel
organizational difficulty to apply HP tools and kaow
how to observe HP tools.

The staff of a department is gathered is a roomhith
they must build the first circle of Stonehenge (R2g),
picking up in a set of wooden pieces some of thEig. (
2b), according to an operating mode. Figure 2bos n
shown to them; they see it only after the exercise.

Fig. 2a

Fig. 2b

Fig. 2. Complex construction for HP toels) A cultural
goal to make sensd) The result expected

The operating mode does not exist as a whole: enery
will receive one instruction, and the informatiorillw
have to be analyzed together before applicatioa jgin
briefing and time breaks). To conduct this analysis
leader is design (usually, we chose the boss offettum).
Four of them will be observers, but they keep
information each that will have to be transmitted t
another person. This implies that four other pessoil
have to ask this information (reliable communica}io
Four other managers can each read informationdept
paper: for each one, this paper is kept in anotbem;
they can go there and read it, but must leave ttiere
paper to bring back information in the main roorelfts
control and reliable communication). To build thecle,
one piece is part of another construction: no rkésta
must be done about the selection of this piecealserin

case of mistake, this piece is lost (time break peer
check).

The number of persons can be change for the puigfose
the need.

At the end of the 30 minutes, the observers halet @
say. The debriefing of the session help the masaiger
understand by the feelings and the acts:

e the gain produced by the HP tools,

» the complexity of acting with pertinent and
effective HP tools,

 HP tools are not always easy to observe, even if
applied,

» the observation of organizational defects (inclgdin
the management of the team) and the clear
identification of what is a main defect, and what i
a minor defect,

» the necessity of discussing solutions with the
workers concerned by organizational defects.

The session debriefing is conducted like the sitoula
training session (Fauquet, 2008; Fauquet &nkaux,
2008; Fauquet-Alekhine & Pehuet, 2011), or like the
event analysis (Fauquet, 2006).

Exercise for a Team activity with 2 kinds of mamaget

This exercise needs 2h,
debriefing.

The pedagogical goal is to help the manager todrdl

to understand what produce the manager's attitndben
team, make an analysis of his own attitude in tokl f
and of the one of the department management in the
field, and think about what can be changed.

The first hour is an exercise and its debriefing.

Managers are asked to work in groups of two toethre
persons, in different rooms (no contact). Each team
receives an oral operating order, a set of magefiahe
pencil, one board on a paper, a draft paper, aqiock
calculator, a set of ten invoices). In a quarteafhour,
they must write on the board paper, on each linthef
board (one line for one invoice) :

» the name of the society paid,

» the things provided,

» the amount of taxes,

» the total amount of the invoice.

including discussions in

The final goal of the exercise is to calculate tbtal
amount of taxes and the total amount of the inwiead
to compare them.

Several problems occur:

» the pencil does not work,

» the pocket calculator has no batteries,

e some invoices do not show explicitly the amount of
taxes which must be calculate,

» some invoices include different taxes rate duén¢o t
things provided, which implies some specific
calculation, and some adaptation of rules to fiél t
paper board (the manager's help will be needed).

60



Socio-Organizational Factors for Safe Nuclear Operation — Vol. |

To lead the teams, there are two managers, M1 a&d M
who are trainers in fact. M1 is fully concerned by
organizational problems. M2 is mainly concernedtmsy
respect of prescription and rules. These managers a
outside the rooms where is working the teams, aothe
called as soon as it is needed.

Of course, because of the problems listed abowe, th
team will ask help for material and for the work
understanding.

When M1 (organization) comes, he always brings soon
solution, or a suggestion, while M2 takes time oone,
then to produce the solution or give the informatiand
every time M2 comes, he makes some remarks
concerning the job: everything must be written éyao

the blocks of the board, the name of workers orfdha
must be the surname followed by the first letterthodf
first name, the invoices must be recorded on tipeipin
alphabetic order (which is useless), and so on.

The debriefing of the session helps the managefseto

and understand what they produce in the field: the

general comments are as follows:

« for M1 (organization) team, the task is not
interesting but can be done,

« for M2 (prescription) team, the task is boring, the
manager does not help, and soon, he was not
welcome.

The "workers' attitude" adopted by the managerindur
the exercise is always:

- for M1 (organization) team: they are pleased to see
the manager ; "we work all together : the team
includes the manager",

« for M2 (prescription) team: "at first, try to do rou
best, then, when manager coming, he can
speak.we laugh after".

The debriefing concludes that people work for alltesa
company, and a man (the boss). The manager'sdattitu
in the field contributes to built workers' behaviand
results. The demonstration of what is gained with a
management concerned by the organization in another
way than verification, control, and evaluationd@ne.

The second hour consists, for each manager, ikitign
about their own way to be in the field accordinguioat

has been said and discussed during the previous hou
The managers are asked to explain how they see
themselves in the field, and what they can hean ftioe
team about their presence in the field. They disal®ut
what they would like to do according to what is esied

of their head management. The discussion usually
concerns paradoxical injunctions: the head manageme
seems to ask them to be in the field for the dreteand

the treatment of organizational effects, but at shene
time, ask them to feel some indicators concerning
verification and control. They try to know how teal
with job meetings, consuming a lot of time. Manager
explain their need of training, because of thedf lwhbits

which engage them to be in the field for contradts.
appears clearly that we have a work to do, from an
organizational standpoint, in order to bring more
coherence between on one hand, the expectatioti of
head management and the job meetings for which the
management is required, and on the other hand, the
management in the field for the organizational disfe

5. Conclusion
The French nuclear power plants of EDF are invoived
a Human Performance Program which aim is to regefor
the safety of nuclear exploitation. Among the means
used to reach this goal, the management in the feel
deal with organizational defects is a main one.
Efforts must be done, from an organizational stairdp
and for the head management expectations, in doder
help the managers in the field. Among those effors
have the training of the management, a permanent
involvement through self-analysis done periodicadyd
a training supports renewed, sometimes by the mefins
out-context situations to help people to think the
situation disconnected from the usual constraititsirie
the daily job.

While the Human Performance Program is proceeding,
some significant progress has already been obsemred
the exploitation of nuclear reactors of the French
company EDF. But it needs time
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Abstract
Professional training for risky professions invave
procedures and guidelines requirements. The ugbeof
tools derived of this need sometimes have a sagtro
structuring effect that the user is unable to dwenvise
than going to the failure.
Experiments have been conducted in order to determi
if, within an industrial working populationNE57),
whether there could be a profession or an academic
training making the subject less weak concering the
structuring effect of the tools.
Results have shown that the solution does remathare
in the profession nor in the academic training, #vat
tools must integrate this possible weakness of the
intervener. Further experiments are planned tosasbe
effect of confidence and of global control.

1. Introduction
Exploitation of risky industrial plants implies agh
level of safety and of work activity reliability. e
production division of EDF always tries to find
organizational solutions in order to reinforce thdimes
(see for example: Le Bot, 2004; Fauquet, 2007, 2008
Since several years, a Human Performance Program ha
involved all the nuclear power plants of EDF, witline
topic concerning the management in the field dealin
with organizational problems (Fauquet-Alekhine, 201
Nevertheless, with all constrains under which woske
and managers are submitted, due to diverse fielcls &s
safety requirements (Buessard & Fauquet, 2009),
production, economical competition, skills drainedio
aging workers and renewal staff work activities
analysis show that, in given working situation, kens
can be involved in a structuring effect of the taséd to
perform the task. Observations have shown that
sometimes workers could be involved in a humanrerro
or a deviation leading to a major (or significaat)ent
even when they were updated regarding the taske wer
experienced, were well informed about the activity,

" This work is part of what has been presented atXi
WANO Human Performance WorkshoMalmo, Sweden,
2012.http://www.wano.info/

knew all about the job, were not too much self-aenit.
Indeed, nothing could explain the result except im@ak
the assumption that the tools used to perform dis& t
under time pressure could have led them to theteven
We thus thought the need that the tools used bkevsr
and its potential structuring effect on the activit
realization had to be investigated. We made the
assumption perhaps a given category of workersa or
given category of academic background, could reduce
the structuring effect of the tools.

The Macmillan dictionary suggests that a tool mayab
piece of equipment, usually one that you hold imryo
hand, that is designed to do a particular type afkywor
something that you use in order to perform a jokioor
achieve an aim (for example, speech is a tool of
communication), or someone who is used by another
person or group, especially to do a difficult ostdinest
job.

Making the list of possible tools, we concludedttha
could be the physical objet that extends the suilifec
transform the environment (e.g. carpetsdammer), but
also a method that helps the subject to transfdren t
social world, the organization, the attitude, ttehdwvior
(e.g. the professtwé books for teaching, the
psychologiss protocol, Human Performance tools for
the field worker). A tool may be thus external tet
subject and to the object or internal to the subjébe
essence of the tool can be physical (a hammer) or
psycho-social (a method, a protocol, a proced)rer
cognitive (a way of thinking) but can anyway be
materialized as a physical tool by being writtenpaper
(procedure, book). The transformation produced lan
physical (making a roof) or psycho-social (obtagnivew
behavior, new organization, new consumption habits)
The tool being an important mean of the work attiin
industrial context, and the potential structuririfpet of
tools leading to major event being observed, weadaec

to conduct experiments in order to determine wiretihe
not a given category of workers, or a given categdr
academic background, could reduce the structuffiegte

of the tool. The assumption that some professians o
academic background could have such an outcome was
made after specific training sessions involvingup® of
workers taking psycho-technical tests: it appediad
example that some professions were more successful
taking a test involving the Stroop effect than oshe

2-Materials & Methods
The study has been conducted with subjedts5()
working on the nuclear power plant of Chinon. Diffiet
categories of jobs have been chosen in order to:
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e determine how the tools used to perform a work
activity can be structuring and lead to the error,

« determine whether a socio-professional class or
academic training can question the structuring
effect of tools,

e understand palliative measures to the structuring
effect of the tools and at what levels (within the
tools, external to tools or activity or intervener)

We are thus studying how to avoid deleterious fecus
structuring of tools (including modus operandi)work
activity.

The professional categories chosen were:
e executive manager,

e charter engineer manager,

e ex-technician manager,

e nuclear reactor pilot,

e technician,

e department assistant,

e service sector job.

A last category was added, external to the indalstri
context:

e student (9 to 14 yo.).

It has been added in order to appreciate the gessib
influence of the formatting effect of the academic
training or of the professional training.

The test is called’Letter-test. It consists of a work
activity done in a minimum of time. In fact, lessmah 5
minutes is necessary. Objective of the activitipisount
up on five boards with three rows of letters eatie,
number of letters which the size (height) is lesgqual
to 5mm (Fig. 1 a). To do this, two different toase
proposed: a flat ruler (triple classic transparent
decimeter) or a mask preformatted for the sizehef t
boards (Fig. 1 b), with an opaque black area pékevath
three rows of eight windows each. The mask is mtese
as developed especially for the work activity wih
calibration of the height of windows said equabtam:

if a letter is seen entirely in a window, it museé b
recorded.

- b
Fig. 1 a &b. Letter-boards and mask used for that te
relative to the structuring effect of the tools.

a

The boards are seen one by one; whenever the heérd

is given to the subject, the board n is taken by th
experimenter.

The subject is informed that the Letter-test isetinftime
pressure), and s/he must choose one of the twes tool

proposed initially knowing that s/he can come baok
this selection as much as s/he wants. All dialogiidke
experimenters are written so that they give the esam
information as much as possible with the same words
same expressions for each subject.

For each analysis of a board, the results musebermd
on the supplied grid (Table I).

Table I. Results grid for subjects taking the Letést.

Board— 1 2 3 4 5

Line 1

Line 2

Line 3

The specificity of the Letter-test lies in the fabat all
the boards have a similar structure (3 lines athett8rs
per line, all positioned at the same place on ard)oa
except the last board: the board #5 has 9 leterdine,
the eight first letters positioned as on the forgvipus
boards. But the mask is sized to 8 letters peslise it
blanks the letter #9 of each of the lines of tharda#5.

Ethics: all of the data collected is treated stiaadly. No
personal data is collected or recorded. Subjectanato
broadcast on their side any information concerritmg
test. Only socio-demographic data, results
observations are recorded.

and

3-Results
The gender is not mentioned because each profession
induces this proportion. For example, the "depantme
assistant" category is female 100%, and the "ekerut
manager" category is male 100%.
Age and experience have been represented as large a
possible: it is not expected here a representatvaple
of the population of the site in terms of respeét o
proportions, but in terms of different profiles.
This sample is to identify whether or not a pogalat
stands another in dealing with the three lineseflioard
#5 letter #9, i.e. by implementing a particular Ezeh,
by deploying a special reflection.

Analysis of the data shows that, among the adult

population of the sample working on NPP, no poparfat

is pointed out, neither by the profession, nordayning.

Indeed:

» only 6 people over 57 deal with the letter #9, ihat
11%,

e among these 6 people, there are 3 students, which
gives 3 people out of 50 over the adult population,
which is 6%.

Professional profiles dealing with the letter #8:ar
* engineer - manager (1),

» operator (1),

» technician (1),

e student (3)

Academic profiles dealing with the letter #9 are:
e doctor (1),
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e charter technician (BEP degree) (1),

e university charter technician (DUT degree) (1),

e student (3).

On observables, we see that:

*  39% of subjects spontaneously implement a Pre-job
Briefing (PjB) by questioning and reformulation of
what is to be done, all categories combined,

*  33% perform initial review of the conditions of the
work activity in action; the control concerns
especially the adequacy of the mask with the
objective of the task; however it is implemented at
the beginning of the activity only,

* 23% applies a specific method by removing such as
vertical boards in rising or raising regularly the
mask.

e 12% choose the ruler at the beginning of the
activity and not the mask, different percentage of
those dealing with the letter #9 because some of
them change tool during the task performance,

e 11% have treated the letter #9,

* none was aware of the presence of an additional
letter by line on board #5.

These results are represented in proportion osdmeple
on Fig. 2.

50%

Fig. 2. Proportion of subjects having a specifitiaeior
whilst taking the Letter-test.

The correlative analysis between results and obbdes
indicates that:

e 100% of the people who have chosen rule deal with
the letter #9, and 100% of those opting for thekmas
do not,

« 100% of people who have dealt with the letter #9
are not aware of the presence of an additionarlett
by line on board #5.

e 83% of people who have treated the letter #9
performed a PjB.

«  50% of the people who treated the letter #9 irgtiat
prior checking to the realization of the task. But
100% of adults who have dealt with the letter #9
performed prior checking to the achievement of the
task.

These combined behaviors are presented on Fig. 3.

M treat the 9 letter / choose
the ruler

M treat the 9 letter / spécific
method

treat the 9 letter /
concious of the 9 letter

M doaPjB & treat the 9
letter / treat the 9 letter

Winitial controls & treat the
9 letter / treat the 9 letter

Fig. 3. Proportion of subjects having combined sfiiec
behaviors whilst taking the test.

To these data are added findings coming from
observations when carrying out the activity and
interviews in debriefing with the subjects. In pautar, it
appeared a priori confidence in most cases betwen
subject and the experimenter, which was not invgjvi
the subject to doubt about the quality of the masid
therefore did not engaged to carry out or to dedpen
initial control of the mask.

Observations in phase of realization of activitpwhd
how the tool is structuring and focuses attention o
specific informative clues, helping to achieve tial,
shadowing the peripheral indices. Thus, some stsjec
have implemented methods that might have revedaled t
presence of the letter #9, but did not see it wiliéy had

it in front of the eyes:

-Example 1: Some subjects (less than 10 case#dfit
mask for all the boards by raising the mask sewérads

to see the letters under the mask. Most of them are
looking for the letters matching within the windaws
They do not note letter #9 while visible.

-Example 2: The subject comes to the board #5thmut
mask on, counts letters, and has a doubt concething
last letter that appears right of the line #1slai'b'. He
removes the mask, takes the ruler and measures #&it
which is a '0', puts back the mask on, recountdetters
and does not notice that the last window of the #i
gives a 'b' and not a 'o’. (EMTO01)

- Example 3: The subject has chosen to align thekma
not on the upper cross of the board, but on thhtrig
column of the lines: for each board, s/he putsrtizesk
by adjusting right windows on the right column bkt
letters, column #8. Comes to the board #5: he does
same, and aligns the right windows of the maskhen t
right column of letters, here column #9. This proekia
visible shift for the experimenter-observer both the
crosses and the format paper. But the subject notes
nothing and therefore deals with letter #9 but hetter
#1 (in statistics, this case is registered as lyprot dealt
the letter #9). (EMTO04) (Fig. 4)
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i
Fig. 4. Example of shift of the mask put on therthdib:
we can see in the upper left corner the shift efrttask
cross compared to the board one. We can also see th
shift of the transparent mask over the white pagie¢he
board.

-Example 4: Some subjects (4 cases) performeditial in
control which led to accept the mask using only the
middle line windows. Their goal is to work with a
dedicated tool (which works fast) but reliable:
considering then that the top and the bottom window
lines of the mask are too big, they apply the maskhe
boards shifting the middle window line on each lofe
the board. Doing so and arriving at board #5, timake
visible letter #9 of lines #3 and #1 in offset frame
windows of the mask (CEMOQ9, P02, P04, TP08 (line 1)
(Fig. 5a &bh).

-Example 5: A subject takes the Letter-test in antp
facing a window, and decides stalling the mask
maintaining the boards vertical. A posteriori, & i
verified that letter #9 of the board #5 are slightisible.

But the subject does not see them.

"Fig. 5 b & . Examples of shifting of the mask when
using only the middle line.

4-Discussion

Interviews with adults indicate that time pressure
induced by the announcement of the activity timing
expected as short as possible lead them to chdwse t
mask. They think that this "tool developed espécialr
this activity" will save time, which is true sintlee mean
time of realization using the mask is about 3 mhile
about 6 min. with the ruler. They therefore prefiee
speed.

Subjects dismissing the mask for the ruler havenaltie
a prior control of the mask and concluded thatdswot
reliable.

However, students have another approach. Their
rejection of the mask is not due a qualification
examination of the mask, according to their expiana

in debriefing and the observed facts: none of thdents
has done such initial examination. What they prefé¢o
control the situation rather than the speed. Thectien

of the mask is induced by the inability to see wisat
hidden, the choice of ruler is induced by the
familiarization with this tool while the mask wille used
for the first time. Thus, the time constraint ist the
same value for this population covering the age49-1
years.

5-Conclusion
The findings are the following:

* No population of NPP professionals stands another
in dealing with the letter #9, i.e. by implementing
an approach, deploying a special reflection.

* The proportion of professionals of NPP dealing
with the letter #9 is very low (6%), compared to
that of students (43%).

e The population distinguished is therefore the
students (9-14 years). They favor control of the
situation rather than gain of time: they want to be
efficacious rather than efficient. However students
have not yet been confronted with the imperatives
of the world of work and productivity: the adults
are and have learned, were formatted to become
efficient (efficient in a minimum of time and
resource). However, any non-professionals of NPP
population can do better than a professional,
because to work on NPP (as in any industry), there
is a need to professionalize the newcomer, who
therefore becomes, whilst learning to be efficient,
very sensitive to time-control assessment.

Not having identified any industrial population
distinguished from another, and not identifying any
particular method related to the profession or the
academic training, it must be sought a solutiortdpe
with focus-structuring effect by the tools. For the
moment, it is clear that the solution lies in the
reconstruction of the tools: it must be the elemehtt
will allow the person conducting the work activibf
awareness of this possible focus. However, thetisolu
cannot always be intrinsic to the tools: indeedammer
will be a hammer while a procedure can be adjusied,
working method can be adapted. In particular, agrall/
control at the end of work activity can be achigved
which was not allowed in the proposed test. To sssse
the effect of such control, other samples of subyjett

be met.

In addition, in the tests, encountered subjectsvsdo
relative confidence in the experimenter. A sample o
subjects for which the confidence will be reducelil e
also met.

Thus, we will see if one of these opportunitiespheio
improve the results.
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Abstract

We here present the simulation training policyFoench
nuclear reactor pilots. Training sessions are desdr
Advantages and drawbacks are discussed. The tgainer
interactions are commented. Tools for transfereofce
know-how and skills development are presented. As a
conclusion, perspective of new training tools are
suggested.

1. The context: Industrial facilitiesand pilots

The operation of nuclear power plants requires gh hi

degree of control, whether in terms of operating or

maintenance, and whether in normal or accidental
situation. It concerns security and the health of
populations, and therefore the possibility to nm&imthe
nuclear sector in the energy market. Nuclear operat
must thus be able not only to maintain its know-Haow
also to update and to adapt to the new requirements
which can intervene at the level of safety or siégur

regulation or legislation (Buessard & Fauquet, 2002

economy. These imperatives are of two types:

e External: nuclear safety requirement changes that
the operator as the nuclear safety authority keep o
strengthening,

e Internal: corrective actions from event analysis
essentially done by the operator.

Several domains are worked out to ensure these
imperatives. The technical aspect comes in thegiee
since the industrial purpose is to run a techrégatem:
this dimension receives the design engireatention
from the construction through the operation to the
decomissioning of a plant. The organizational aspec
comes in second place, with a permanent desire of
analysis and adaptation of the organization takimg
account human in any dimension, since the induistria
purpose is also to operate a socio-technical sy$sem

" This work has been included in a shorter Frendsiow
within the report of thélaute Autorité de San{@&rench Health
Regulator) under the title “Etat de lart (nationait
international) en matiére de pratiques de simulatians le
domaine de la santé”, January 2012.

http://www.has-
sante.fr/portail/upload/docs/application/pdf/2012-
01/simulation_en_sante -_rapport.pdf

for example: Lagrange & Desmares, 1999; Fauquet-
Alekhine, 2010a). Many other fields are operated
permanently, including those implemented to meet th
capacity to develop and maintain expertise (Fauyquet
2003 and 2004): for this aim EDF uses nuclear cgact
piloting simulators. Control rooms are reproduced i
scale 1 (said "full scale simulators "), and cadtois
allow real-time simulation of the physical paramstef

the installation. The choice of such a teachind iso
motivated by a dual need:

» creating closest situations of the reality of
operations,

» leading a team to pilot a complex technical system
collectively.

In this perspective, the full scale simulator has
demonstrated its added value for nuclear industiy a
well before that for aviation.

The actors of the simulated situation are the piaim
members and trainers. An operating team of nuclear
reactor is generally composed of 15 individualsécaf
the 900 MWe reactor type) who operate a pair oftea
and associated equipment. The taking of positian3sx

8. The mission of the operating team is to pilog¢ th
reactor according to the electricity producing dedcha
from nuclear energy while ensuring the safety of
facilities. In the team, four to six people arechrarge of
piloting, the others being attached to the manijaaof
pieces of equipment on the installation directly.

2. Genesis: technical and pedagogical design
2.1.The simulator
There are different types of piloting simulatongl Ecale
simulators and part simulators.
Part simulators represent portions of the contoamnm,
and focus on a basic part of the installation {hildts
must learn and know before being involved in thelah
operating process.

Full scale simulators consist of the control roseplica
of the operating reality, a calculator and a cdnpanel
from which trainers manage the simulated situatidns
panel is closed-glass without color and with digiideo
system connected to several cameras that allovouari
views of the control room, with a capacity of zosath
that reading from a sheet of paper is possible oAthe
views of cameras are recordable and available ifatire
debriefing room. This video system presents an
undeniable added value and is subject to a sttigt:e
any image is deleted after the training sessiod, the
use is limited to the situation actors only.
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2.2.The scenario

The only simulator does not reproduce a work sibnat
in which operating team will be able to evolve in a
context which is the most realistic possible, i.e.
reproducing the better the reality of industriabrgiing.
The simulator is only a support tool recreating an
environment and permitting the interactions between
actors and the industrial process. To create alatetl
situation, it is necessary to dispose of prepacetharios
that engage actors in action. These scenariosfncate
the input parameters for the simulator calculatod a
input parameters to deliver to the operating te@his
allows to introduce the input data concerning therkw
situation which each one is about to live on the
simulator. It is also the time to propose a tecainihain

of the process during the simulated situation. Whele

is coordinated by the trainers.

2.3.The trainer

What the trainer is in ability to do during the silator
run (as during the session debriefing) is highlgetelent
on his professional experience. The trainers haviows
career profiles. Some of them are coming from apega
professions. Being from these professions gives
legitimacy at once in front of the persons in tiagn
This makes more easy technical discussions andghis
felt by the trainees, and it allows the trainerstgport
discussions in debriefing by the narration of eigrered
examples, full of meaning for the actors, and agipted
because s/he thus facilitates the understandinghef
topics discussed. In addition, this provides a aiert
attraction to the exchange, due to the anecdotabclter
of the story. For newcomers on a position as andra
computer databases containing stories of eventsbwil
investigated upstream training sessions. This blase is
a enjoyable tool even for the experienced trainbp w
sometimes would tend to stay on her/his own expeeig
which, even rich, therefore will take all the beheiff
recent operating experience feedback.

2.4.Reference / simuilated situation

From a reference situation, the scenario develbps t
simulated situation by reducing the variability thfe
context to emphasize what is necessary to achieve
educational goals.

This reduction in variability (i.e. the simplifigah of the
situation simulated from baseline), is fundamemahe
pedagogical approach, because it provides the nfeans
the pilots to focus their cognitive resources omsoof
the difficulties brought by the script directly in
connection with the pedagogical objectives. Sometim
pilots are complaining about being "too far frorality",
but this may be a necessity in the first place.

2.5.Training phases

All of which is implemented in simulated situatioasd
debriefing is essentially the work of research Iagte,
Samutay, and Rinacoste, from 1996 to 2001 (Klein et
al.,) 2005. EBguin and Pas# (2002) describe the
conceptual perspective of situations of simulatiansl
debriefings (see also Past2005) which was completed
by Fauquet (2007). In short, we must remember that

different modalities of work exist on simulator bdson

the objectives sought; for example:

» initial professionalization,

» recycling,

» accidental procedures,

« development of know-how within specific sessions
called “involving situatiori (“mise en situaticghin
French).

The initial professionalization is itself decompdsm

different phases: discovery and appropriation of th

simulator, basic operation of the facilities, opieg in
situations with technical failures. This progressiv
approach is fundamental because it allows to place
trainees in good conditions for learning: recentrkwvo
showed that gradual approach for crisis simulation
scenario placed most of trainers in a zone of dogni

disorder (Fauquet-Alekhine et al., 2011a & 2012).

2.6.Training session debriefing and professional
practices improvemnt

To achieve these goals, analysis of practices msthoe
used. This enables to re-examine what is done by th
team as what is not done, what have been the tbrust
not, with a perspective of potential transformatidhis
transformation can affect the individual or thelective,

but also the work organization in a non-simulated
situation.

However, any situation does not necessarily impig t
type of transformation. Sometimes, the collective
analysis of the work activity points practices rgeized

as effective by all actors (operators as trainefsje
added value is therefore more than a transformatioh
also a conscience making contributing towards the
anchoring of these professional practices.

In this type of exchange, the trainer leads thimées to
re-examine what is accepted in practice, and eages
pilots to define their personal style. It allowstito (re)
become aware of what they are implementing in the
work activity, and eventually make it available for
others: how to better transfer to others what veesavare
about?

The trainer can also lead pilots to speak on tledulrgess

for him to adopt such a practice. This leads them t
become aware of their practices, and possibly tokth
about them for other situations (Fauquet, 2005&e T
consciousness, individual first, broadcasts in the
collective to be integrated within a professiorntgles

The sought effect in the session debriefing is the
distancing of the pilots with their action in thienslated
situation they lived. To do this, the envelopingsition
of trainer, distant observer in a simulated situatiis
valuable assistance. This situation distancinglifatgs
the understanding of the pilotmtellectual approach of
the situation, individually and collectively, andust
permit the re-work, i.e. allow re-thinking in ordéo
transform. This distancing from the trainer alsomotes
the observation and analysis of the interaction dmsm
process, interactions between individuals and &heo
individual and collective contributions (or non-
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contributions) to the action in the situation. Tresult is
a potential transformation of the actions, intdra,
and contributions.

The debriefing refers to the methods of work attivi
analysis developed by Yves Clot (Clot et al., 19890,
2002; see also Fauquet, 2005b and 2006a; Fauquet-
Alekhine & Pehuet, 2011b) and is similar by somét®f
aspects to the Crew Resource Managements done by
airline companies.

2.7.The training session structure

Taking a simulation situation by an operating tesm

carried out on average on 3 days, each day thabean

broken down according to the objective of the fragn

e« A run on the simulator and a debriefing in
classroom. The briefing lasted less than 30 minutes
The "run" refers to the fact of taking the simuthte
situation, with a time length of 2h30 to 3h. The
debriefing of meeting lasts 2h30.

e A run of 3h followed by a debriefing of 3h
separated by a 30 minutes break.

¢ A debriefing of 3h followed by a 3h run separated
by a 30 minutes break.

It must be kept in mind that a simulated situatias
meaning only by combining adapted run time/debmigfi
time, where " adapted " implies that debriefing dim
should give time to discussion for what is doneirttyur
the run. In other words, believing that a good datad
situation is one that favors the time of the run on
simulator is an mistake.

3. Extension: studies, assessment
and maintenancetraining

Beyond initial training, development and learniffgrew
methods (Fauquet-Alekhine, 2011c), the simulatoa is
place of study (see Le Bot, 2004; Fauquet, 2008061;
Fauquet-Alekhine, 2010b; Fauquet-Alekhine et al.,
2011a and 2012): when professional practices are
established and anchored in the professional geadgr
organizational modification or change proposed My t
management may be studied and assessed prior to
application. It concerns the implications of such
decisions in terms of potential consequences orkelye
parameters such as safety, security, and produdtion
example, what is the influence of such additioriafm,
what consequence if using such standard of
communication, what added value with such technical
change for the quality of the industrial operatamdfor
the safety?

Training, study. and of course evaluation! Since more
than ten years, the capacities of the workers achito
operate reactors are subject to initial assessnimiit,
validation of capacities renewal is implementedyonl
since 2005. It is a matter of capacities validationt
skills validation. It is clearly agreed in the pgdgical
requirements that skills cannot be validated inusated
work situation. Validation of skills is thereforerfthe
hierarchy of the persons concerned. On this paint,
should be noted the difficulty encountered by the

company to implement this system of continuous
assessment: management decision has been confainted
the beginning of the Human Performance Program to a
tough opposition to a certain category of personal
strongly assisted by union trades. One of the hesso
from this situation is that, to avoid this kind adnflict,

the integration of the ongoing evaluation by the
simulation must be very quickly integrated into the
training organization, otherwise taken daily rekaly
can delegitimize the simulator as an assessmeht too

Progress induced by simulator training was conseique
enough for the Nuclear Production Division of EDF
management to recently make two major decisions,
heavy from organizational and financial standpgibtst
successful in terms of skills development. At tinel ©f

the 1990s, while the nuclear power plants of EDHE ha
several simulators on less than five French sitesas
decided a new distribution and the staffing of eakthe
twenty French nuclear sites of a full scale opatati
simulator: the investment has been considerablenTin
2006, the head management chose to expand this
educational action in other professions than opwyat
and piloting. While there were full scale mock-ups
intervention and maintenance personnel, it wasdgeci

to rig each nuclear plant of a full scale mainteran
simulator in so-called "chantieécole " structures: a
space of more than 2002mmeproduces an industrial
environment integrating different pieces of equipime
for intervention such as ventilation, pump, valves,
capacity, exchangewith or without fictive radiation
protection measures.

Quantifying the results induced by such actions is
difficult because they are always part of an acpan.
What can be rated is the result of all of thesentjoi
actions. To give just one indicator, since 2006 th
number of automatic scram for French nuclear power
plants has been reduced by more than 20%, which is
considerable.

4. The advantages and disadvantages (limits)

4.1.The several-days training session

Among the benefits of training on several conseeuti

days, we can point:

» The existence of a time of integration from one
session to another, a time of reflection. The
briefing, taking place just before the simulator
session is beneficial for any learning. The
production of the previous session remains present
in the trainegs mind and is reactivated by the
trainers at this particular time. This re-activee t
pilots attention on items selected in the debriefing
during the day before.

e The possibility of a progression on these days; for
example:

o D1 is to analyze a given problem according to
“solving problent method and to identify the
areas for progress,

o D2 is to try to implement what was decided in
the previous debriefing.
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o D3 is to work the transposition to another
situation,

This time of briefing just before the run on sintala
helps anchoring new practices thought during the
debriefing of the day before.
From the standpoint of learning and transferenasoim-
simulated operating situations, a several-days lsitmu
session is a real added value.

4.2 Fast kinetic and freeze option

The simulator also allows to vary the kinetic ofypical
phenomena in two senses: for the dilution prochas t
would take several hours for example, the traiseatile

to accelerate the simulation to fit the scenaridiine
limit for a run of 3 hours; similarly, for sometigdast, it

is possible to "freeze" the simulator, i.e. freethe
industrial process in the state so that the pitats take
the time to think about what is going on, and the
consequences of their actions or their non-actions.

If the benefit of such functionality of the simudat
(adjust the kinetic of phenomena) is immediatebible,

it must not be forgotten the possible drawbacks tiain
induce. Increasing the speed of the physical phenam
does not allow pilots to work the result of slowndidic.
For example, the reality of operation induces long
waiting periods during which the vigilance may damsh

to the point that the installation check-up by gilts
loses efficiency: a pilot must be able to work this
problem and this is not done if the simulator is
accelerated. By contrast, freeze the simulator dums
allow a pilot to work and try to catch up with the
immediate consequences of an inappropriate action.
Also, vary the kinetics of physical phenomena ig no
appropriate for the sessions called "involving in
situation”. They are adapted to the simulator sessat
technical learning phases (see section 2.5).

4.3.Transference

To help trainees, trainers follow the training extmin
from one to another by a FAP systefri¢he dAide a la
Progressioh in French), a support sheet for
improvement written jointly by trainees and tramer
They are individual, given to each, and must ensure
continuity of training on the simulator. For some
training, a contract of collective transferencevigiten at

the end of the 3 days. This document is the prgpafrt
the operating team. Trainers help in its draftiig.
gathers all the important points observed during th
session: good practices of the team on which ttay c
rely in their activities on a daily basis and therkvaxes

to improve. Must only appear on this document st
and findings observed and recorded by the team. The
team must feel free to use it or not. Some teams
incorporate the contents of this document in thesm
project, or use this document as a specific theme o
day dedicated to the organization analysis of ¢laent

4.4.Physical separation

The physical separation between trainers and dpgrat
team offers several advantages: it promotes the
involvement of actors in the situation, allows aldgue

between trainers without disruption or interferemgth
the actors of the team, and encourages taking riotes
the trainers.

4.5.Trainers background

One of the counterparts for an trainer coming fram
operating or maintenance profession is that s/inebea
engaged in technical discussions during the debgef
The difficulty is then to know how to keep the diste
necessary to not fall into such a trap. Howeveg th
solution cannot be the opposite, i.e. choose traindo

do not have such experience, as the job requiEsado

a legitimacy which will then not be acquired a piio
There is a need for the trainer not coming from the
operating professions to know a minimum of the
technical basis of these professions. S/He can win
legitimacy by the use of techniques or methods
appropriate to help actors to analyze their prastiby
her/his questioning. The fact that s/he is notestiln the

art of the professions gives opportunity for avalg and
productive questioning of the trainees.

4.6.Trainers training

When used by professionals of training, the trajnin
simulator is a remarkable tool. But as we have sten
technological tool is effective only in connectiavth
scenarii designed and built according to specific
pedagogical objectives taking into account specific
precautions. There is therefore a need of competenc
Having this competence is a real strength for the
organization but working without it can very quigkl
become a dangerous disadvantage: first risk cathde
deconstruction of know-how, of collective, even the
implementation of bad practices. Because even witho
being incompetent, trainers can generate resulis th
escape initially until their return via undesiraldeent
analysis.

5. Prospective conclusions
Proposing to conduct teams to work in simulated
situation contributes to make work activities where
practices are re-questioned, re-thought for a new
individual and collective development. This poirgt i
fundamental for the management of industrial risky
systems when research shows that management dgneral
tends to migrate to areas of less secure operdtiam
provided originally the designer. This type of naitjon,
well described by De la Garza & Fadier (2007), ban
induced, among others, by ignorance of some risks,
constraints of exploitation and production, and a
tolerance of the organization to accept exceedartpin
limits (the normalization of deviation suggested by
Vaughan, 1996 and 2005). Situation on simulataved|
to re-examine the relevance of the terms of actions
implemented by the actors in such a socio-technical
system.

However, the operator faces a problem of investment
because the simulators, technical objects driven by
calculator, are very expensive to purchase and to
maintain. Technological developments are yet taiced

this cost and open new perspectives. Some devsloper
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have designed hybrid systems that combine thespilot
work environment (real size control panels) andueir
image (the panel do not have any actual buttonidbut
itself a large on-touch LCD screen that duplicates
buttons and configurable indicators by simple congan

the screen). In parallel the Serious Games arelajeee
which immerses the trainee in a completely virtuatld
representing the most closely as possible thetyeafi
exploitation, or, on the contrary, presenting airdtfly
decontextualized environment. The cost reduction is
considerable because there remains only the ctdcuda

the simulator, the technical object becoming olisole
The question which must be asked is what is logh wi
such systems from the point of view of the inteigrabf

the know-how, because professional practice is not
incorporated anymore in the same way (Fauquet-
Alekhine, 2011c). This field remains to be explored
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Abstract
We aim to illustrate the provision of the analysis
activity according to the regulations approach, aas
supplement to the clinical approach of working\atti
This illustration is accomplished on the piloting o
nuclear reactors. The clinical material is acquifiem
simulated situations on full scale simulator of leac
reactor, and from analyses of events of industrial
exploitation.

The event analysis of nuclear power plant of Chipots

in an obvious place specific characteristic for som
events presenting a gap between realized work and
expected task, including some cases presentingdafisp
typography. This characteristic results in the fhet the
gap occurs because the control, although it is
accomplished, does not allow to avoid this gap, tduan
unsuitable object of control, or because it was not
accomplished by the operator at good level: a lihd
skip control phenomenon. Everything seems to take
place as though the operator had wanted to cooigla
part of the activity, assuming that the whole attiv
would then be validated.

At first, the approach of the analysis of activity
according to regulations (Faverges, 1972 ; Le[2a06)
has been used. It allowed to break down, on cogniti
plan, the basic mechanisms occurring during the
realization of activity. We noted that in the cask
activities based on the skill of the operator (seelel of
Rassmussen, 1994), he approaches activity by dgfini
for himself one or several objectives and achidhes
according to one or several final controls.

In term of regulation, we shall say that for cohttbe
operator uses a comparative module to confrontiesju
results and expected ones. If comparison is satfg

" This work has been presented at Syanp. Activity2008 -
Activity analyses for developing worlelsinki, Finland, May
12-14, 2008, and the abstract has been printedr uhdetitle
“Analyzing  training activity on simulators: the
complementarity of clinical approach and regulaion
approach” in théroceedings Activity20082

task is ended. If it is not, the operator re-irgettis
result into the curl to make an analysis, to redefi
objectives, then to compare the new acquired e sumd
expected ones.

According to efficiency research, the operator
implements secondary curls, with each their seagnda
objectives and their secondary comparative module.

But it can also bring problems : the analysis ofkimy
activities for nuclear safety events (Fauquet, 2@006)
shows that the operator can have tendency to valida
task as a whole on the basis of a secondary cotmara
module, and not on the basis of the main comparativ
module. Everything takes place as though, in sdnat
he forgot the main objective of the task and fodumely

on secondary curls, which can be seen as suboedinat
cognitive regulations.

The analysis has led to suggest to training traiaed to
work analysts to treat this problem by identifyitige
secondary objective and make the operators thikitab
the reasons that led them to identify such an obc
This can be done through a collective analysis stipgd

by the clinical analysis of working activity as ddeped

by Fauquet (2006), notably by leaning on the cadpaxi
the analyst to grab dialogic residues (Schelle®12@s a
mean of feeding of professional controversy, and
grabbing the agreed in speech for the re - queslibis
helps operators to understand the skip control
phenomenon and to adjust their control for further
activities.

1. Introduction
The aim of this study is to illustrate the provisiof the
analysis of activity according to the regulations
approach, as a supplement to the clinical appradch
work activity.

This illustration is accomplished on the piloting o
nuclear reactors. Considering needs for the prestady
in terms of observations and debriefings, and ko
account the industrial constrains of work, the ichh
material is acquired from simulated situations o f
scale simulator of nuclear reactor, and from aresysf
events of industrial exploitation. By operating eét is
necessary to understand a gap between realizedamdrk
expected task. Any gap detected leads to a treatmen
(Fauquet, 2004, 2006) and is assessed accorditigeto
International Nuclear Event Scale (INES). Quasiretyt

is classified at level O«(no importance from the point of
view of safety»). The treatment of gaps with weak
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stakes (minor events) allows to forestall the azfsgaps
with strong stakes (significant events).

The event analysis of nuclear power plant of Chipots

in an obvious place specific characteristic for som
events presenting a gap between realized work and
expected task, including some cases presentingafisp
typology. This characteristic results in the fduattthe
gap occurs because the control, although it is
accomplished, does not allow to avoid this gap, tduen
unsuitable object of control, or because it was not
accomplished by the operator at good level: a kihd
skip control phenomenon. Everything seems to take
place as though the operator had wanted to cooigla
part of the activity, assuming that the whole attiv
would then be validated.

The simplest case is the following: the operatontwdo
start a pump. For it, he must turn and push a butto

The operator goes up to the button, turns it, paishe
and makes sure finally that the button is defigiial the
expected final position. He validates so the good
execution of his task realization by checking tbhsiflon

of the button without proving that the pump is heal
crossed of the stateoff » in the state« on ». This may
seem amazing to read it on a paper but that setfes
reality in work situation, as work activity registein a
field of numerous and various constrains.

This simple situation finds analogies in various
circumstances. For instance, the operator musirpat
series of electrical cells to supply pumps. Inactoells
are pointed out by specific green tags, put doweach

of them.

The operator, operating mode in hand, accompligties
activity on cells through repetitive way, going rfioa
row to another and from a group of rows to anothes.

It checks« connected cells on his operating procedure;
but in order to do that, he leans on recovered tegsh

he puts down on the floor in front of him. But feome

of them, the connection is not real. However, aditwy

to the operator, activity is finally sold off andtisfactory
since he has got all his tags.

As for the previous example, the operator validaes
activity on a control which is not performed at doo
level; here, it is the recovered tags instead efébtion
on the cells.

On the basis of the well-known postulate of the
psychodynamic offering that any behavior has olslipu

a sense (Dejours et al, 1994) and therefore thatyev
person accomplishes a gesture or an action foasore
that is justified for himself, it appeared to usesgtial to
try to understand the mechanisms which produce such
results, to transform them, within the aim to resluc
occurrence of events presenting this skip control
characteristic.

2-Method
At first, we present the type of activities or taslept for
the study; then we present how the approaches dilisiw
an understanding of situation, then an analysthisfone
with the aim of solutions elaboration.

The approach of the analysis of activity according
regulations (Faverges, 1972; Leplat, 2006) has been
used. It allowed to break down, on cognitive pltdre
basic mechanisms occurring during the realization o
activity.

3. Analysis
We noted that in the case of activities based enskill
of the operator (see model of Rassmussen, 19949, s/
approaches activity by defining for her/himself ooe
several objectives and achieves them accordingécoo
several final controls.

We envisaged a model, exposed thereafter and é@tspir
by Leplats work (2006), giving an account of clinical
cases displayed above.

The objectives that the operator defines himsdlbfo
the analysis that s/he makes for the situation.s&he
redefined objectives are elaborated through nunserou
parameters; for instance: constraints, toleranesgarch

of compromise between potential aims and various
subjective motives. Motives call a subjective ratitity
here (Dejours et al., 1994) while the previous pestrs
are recovering from a cognitive-instrumental radiity.
The first one is centered on task, the second biesu
(the man at work). Subjective motives can be: suppo
onés health, having good relations at job, ameliotatin
competences, optimizing workload, searching a
promotion, for instance.

To assess the objectives defined by the task acheel,
the operator accomplishes a control.

In term of regulation, we shall say that s/he uaes
comparative module to confront acquired results and
expected ones. If comparison is satisfactory, tesk
assessed ended. If it is not, the operator reimjtis
result into the loop to make an analysis, to redefi
objectives, then to compare the new acquired st
expected ones.

And, considering the subjective motives of whichise
led to take into account, the operator implements
secondary loops, with each their secondary objestiv
and their secondary comparative module. They atlwv
operator to be more efficient in action and to e=dthe
mental load linked to a given basic task accordinthe
principle of cognitive economy (Allport, 1904; Kooy

et al., 2002).

These simplified cognitive regulations, increasing
effectiveness, can also bring problems. It is [zedgi
case in the clinical material recalled above.

The analysis of work activities for nuclear safetyents
(Fauquet, 2004, 2006) shows that the operator eae h
tendency to validate task as a whole on the bdse o
secondary comparative module, and not on the lmdsis
the main comparative module. Everything takes ptsce
though, in situation, s/he forgot the main objeztdf the
task and focused only on secondary loops, whichbean
seen as subordinate cognitive regulations.
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The metaregulation (Leplat, 2006), the role of ahis

to regulate passage from the main regulation to a
subordinate regulation (or secondary loop) to agmtis
summoned at the beginning of activity, but not fa t
end. So, task is sold off on an unsuitable comparis
since final main result is never compared with main
objective.

For the operator, there is sliding of objectiveo(fr the
principal to the secondary), sliding of loops ofukation
without return (from the main to the subordinatejth
focusing on this cognitive subordinate regulationthe
detriment of the first one.

4. Treatment
After debate between analysts and simulator trainer
further to the observation of several clinical cases
mentioned above, question settled of how to lead th
trainees to understand, by themselves, mechanisms
offered by this model.

Discreet steps are the following:

e in simulated situation, the trainers identify cases
such as those named above for which control takes
place only on the secondary objective (example:
stopping of a pump and control only of the position
of the button),

* in debriefing of simulation session, it is askedhe
operators to tell the chronology of event,

« with the help of the trainers, the operators higjii
the action relating to a secondary objective
(example: turn and push the button),

e the trainers request to the operators to answer
questions as such “what made you turn the
button?, to help the operator to come back to the
main objective,

e trainers ask if final control has definitely been
accomplished at good level related to the previous
answers,

e then trainers explain simply the sliding of objeeti
which took place, by saying that the operators
accomplished a final control as though he had
forgotten for which aim they performed this
activity.

The operators are finally led to think what thewldo
make on further situations to avoid this kind afgem.

At this step of discussion, the provision of thaichl
analysis of working activity has all its gain. Besa if
the approach according to regulations is a reméekab
mean to question the sequence of an activity etiamal
way, it stops however to question on the basis rof a
explicative model.

Answers to questions must be then searched in dpene
up for possible discussion between actors of thuasbn

of this question setting. It is there that the ichuh
analysis of activity intervenes as developed bydgtati
(2006), notably by leaning on the capacity of thalgst

to grab dialogic residues (Scheller, 2001) as anntda
feeding of professional controversy, and grabbihg t
agreed in speech for the re-question.

The way of secondary objective to the main object¥
activity is hired, then finished. On conceptuahsigoint,
the aim of trainers is to know how to bring the igpers
from the subordinate cognitive regulation back he t
main regulation.

The trainers reactivate therefore during debriefthg
metaregulation necessary for this transition, whikth
not take place in situation.

5. Conclusion
The electricity production by nuclear industry
implements a system of detection and treatment of
operating events in constant evolution: the aimtois
ameliorate continuously exploitation and safety of
installations.

For the treatment of events presenting specific
characteristic, we have proposed an oriented dafie
analysis of the work activity.

Those events are polluted by skip control phenomeno
due to an unsuitable object of control.

Using regulation approach, we have pointed out tiwv
operators accomplish their activity through regolat
loops, a main one with secondary ones (called
subordinate cognitive regulations), each of thewirtta
their main (resp. secondary) objective, and the#tinm
(resp. secondary) result.

Moving from one loop to another proceeds of a
metaregulation that does not operate at the entheof
loops.

The analysis has led to suggest to trainers anaoti
analysts to deal with this problem by identifyiniget
secondary objective and make the operators thikitab
the reasons that led them to identify such an ¢lvgc
This is done through a collective analysis supmbtig
the clinical analysis of working activity. This Ipsl
operators to understand the skip control phenomandn
to adjust their control for further activities.
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Abstract

Pilots of civil aircraft of Air France, as pilot$ auclear
reactors of EDF, are training on full scale simotat In
both cases, training generally consists of briefingrk

on simulator, and debriefing (Fauquet, 2007).
Articulation and structure of these three stagé®dtluce
fundamental differences, partly given by the speitiés

of jobs.

Comparison puts in an obvious place a bigger nexvou
tiredness for the pilots of planes than for theotgilof
reactors on simulator. This notably comes from the
kinetics of tasks to be accomplished: in the cactipthe
plane, actions to be put in chains and the ansofetise
technical system are much quicker than in the obntr
room of the reactor; on the plane, the scale oé tisnin
the order of some seconds in some minutes, whilthéo
reactor, it is counted in dozens minutes or everounrs.

Consequence is directly seen on the actors’ dexssibe
pilots of planes are led to put in chains decisiona
space of time which is counted in seconds, while th
pilots of reactors have several dozens minutes dgstm
cases. At the end of work on simulator (3h30 fag th
plane, 3h for the reactor), the pilots of planesnse
exhausted and express it so: “we are emptied” (in
French: “on est vidé”); pilots of reactor do noeusich
expression.

Then comes the debriefing after a 30 minutes pdtme.
the pilots of plane, debriefing lasts 1h30 agaBtstfor

the pilots of reactor. Considering the state ofabirs at
the time of debriefing, we note that the pilotg@dctors
can be easily engaged in discussions about work
practices in simulated situation, for at least twasons:

" This work has been presented at Syanp. Activity2008 -
Activity analyses for developing worlelsinki, Finland, May
12-14, 2008, and the abstract has been printedr uhdetitle
“Debriefing as an analysis of simulated situatioc@mmparison
between nuclear reactors operators and civil dirgitot” in
theProceedings Activity20083

they are less tired, and verbal exchanges will be
proceeded softly as there is more time for this.

Articulation of the two debriefings is therefore
accomplished consequently. Approach is directive fo
the instructor of the pilots of plane when it iglaitic for
the instructor of the pilots of reactor (Béguin &adg&ré,
2002) or analytical (Fauquet, 2007). Study points o
that, if pilots’ skills are not diminished by ditee
approach, there is a non-exploited potential whin
comparison puts in an obvious place.

L.Introduction
As pointed out by many authors especially in mddica
training (see for example Northcott, 2002; Brackenr
2004), for a long time the focus in the scientifierature
as in practice has tended to be on detailed deeripof
the action phase of the simulation training, fotiggt
how the reflective phase can be facilitated, espgci
through the debriefing. Our own experience shows ith
is unfortunately still the case in numerous trajnin
centers disregarding the kind of professions. Yet
debriefing appears to be of great importance foy an
work activity, non-simulated or simulated, which
includes the learning process of simulation trainiAs
written by Fanning et al. (2007), “although refieot
after a learning experience might occur naturallyis
likely to be unsystematic.” Rudolph et al. (200@)jrs
out the importance of analyzing performances within
context of both trainers and trainees; people ntake
“sense of external stimuli through internal coguti
frames, internal images of external stimuli.” Deffirig
permits to discuss the non-action which is defipite
part of the real of the activity: “not doing anyibj or
perhaps better stated, continuing to sit or stamdniot
moving elsewhere, is itself an action” (ClanceyQ2p It
must be understood that without any debriefing, rible
is to bound the simulation session to the realiaethe
activity which is different from the real of thetaty.
Non-actions are potential or possible actions nmted
but which might have been done, and are usually not
observed.

Indeed, everyone who had the opportunity to observe
such a debriefing will admit that the simulatioaiting
debriefing gives the opportunity to discuss togetbe
what have been done by the collective and whatbas
been done individually and collectively. This istno
possible without debriefing: in case of no debrigfi
thinking the work proceeds of a reflection whichust
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individual. According to the clinical analysis dfet work
activity academic stream (Clot, 1999; Fauquet &
Ceccaldi, 2004; Fauquet, 2006), in case of abseifice
debriefing, only the professional style reflectinige
individual know-how and skills is concerned by the
transformation process of training. But the profesal
genre, reflecting these professional aspects from a
collective standpoint in terms of art of the tradenot
worked out. Thus, a part of the transformation /
adaptation / integration of professional practicesot
done if we consider that the collective or collaiive
activity is as much important as the individual one

Nevertheless, it appears that simulation training
debriefings including these individual and colleeti
reflection works about the work cannot always beedo
despite the trainers’ will. This paper aims to esg@dhe
possible causes through the comparison of twoitrgin
cases: i) civil aircraft pilots, and ii) nucleaacgor pilots.

2.Methods
In both cases, observations were done for simulated
non-simulated work situations, and interviews were
conducted with trainers and trainees.

2.1.Civil aircraft pilots’ training

Pilots of a French company have been observed glurin
simulation training sessions and during short amtjl
flights aboard an Airbus A320 and a Boeing B747-400
respectively. In addition, observations have beened
during Crew Resource Management trainings which are
classroom trainings gathering a bit more than téstsp
mainly to exchange about Human Factors items
concerning their profession.

The simulators are full scale type, reproducing ribel
cockpit. Views through the cockpit windows are
simulated by LCD screens and physical feelingsdmsi
the cockpit are reproduced by the mean of hydraulic
motion. For example, air turbulence due to spedlifitt
conditions can be felt by the pilots, as well asss¢ions
concerning take off and land on.

The actors of the simulation training are the taiand
two pilots. The actors of the non-simulated sitatare
two pilots (within a team of 3 pilots for the lofigght).

Simulation training sessions are made of severgb da
distributed one by one over several month. It mehas
between two training sessions, there can be several
weeks.

2.2.Nuclear reactor pilots’ training

Pilots of the French company operating nuclear powe
plants have been observed in simulated and non-
simulated work situations, and interviews were
conducted with trainers and trainees. The teamsrobd
were operating a 900 MWe water pressurized reactor

type.

The simulator is full scale type, reproducing tlealr
control room.

The actors of the simulation training are one ob tw
trainers and a team of pilots which is usually cosgul

of two operators, one chief-supervisor, a team mana
and sometimes a safety expert. The actors of time no
simulated situation are the team of pilots and cokers
according to the on-going work activities.

Simulation training sessions are made of severgb da
distributed over several month but gathered in two
three consecutive days.

3.Results and discussion

3.1.The case of civil aircraft pilots

The simulation training session is composed ofiefig
(more than 1h), 4h of simulation run with a meameti
break of 15 minutes, and a debriefing of 1h30.

During the briefing, the trainer presents the sdent

be run during the training session. The briefinghanly
directive. Thus, most of the specific points arecdssed
even shortly before the simulator run. During the
briefing, the trainer asks the pilots about the wlagy
might deal with these points. This method could be
surprising from the pedagogical standpoint and ssitgg
guestions concerning the learning process. Butdinis

to re-summon the know-how to be more efficient, and
contributes to make possible a larger technicahosw.

During the simulator run, the team has to maingaimgh
level of attention due to cumulative technical pents,
and this in a continuous manner. In a cumulative
technical problems context, pilots to make mostheir
decisions within a short time (from a few seconalsat
few minutes). This is due to the fast kinetic of flight
parameters. After 2h, the time break is welcoméeam
noticed: “after the 4h simulator run, we are enytie
Despite the work environment and the pilots’
solicitations are less numerous than in non-siraedlat
situations, they are yet permanent during the 4t i
real flights, they are punctual. A trainer confignthis
feeling and explained that after these 4h, it bexom
difficult to obtain active participation of the pts during
the debriefing. A pilot added: “the simulator ruase
exhausting physically, mentally, psychologically.
However, the length will change from 4 to 3 hodraio
hours [...] would have been too short: we need to be
warmed up; we need to know the co-worker [as mbst o
the time, pilots meet them for the first time andl w
likely not meet him anymore]...; twice 1h30, it isagb”
After the simulation training session, “we are loakfor

a rest as soon as possible.”

This is why the debriefing is also mainly directiviehis
last period of the training session consist a techmpart
(about 30 minutes) followed by chronological
description of the simulator run (1h). The examined
points are chosen by the trainer, and the chroizdbg
description is done by him too. Questions ask by th
pilots are thus mostly concerning these points ted
solutions are suggested most of the time by theera

80



Socio-Organizational Factors for Safe Nuclear Operation — Vol. |

For example, the trainer says : “when you get thekp

off check-list, you say : ‘no | shall do it lateNo, do it
now, you've got it under your eyes, it is not wotth
keep work for later, because after you must cono& ba

it, and you just go here and there.” The pilot aesges.
Crew Resource Management trainings try to compensat
these aspects by the reflexive work done within5a 1
pilots group.

Despites all the constrains, trainers try to predaceal
exchange between all the actors of the sessiog:tthe

to make it a "interactive analysis" (Labrucheri®12).

In this perspective, trainers are sensitive to make
possible the expression of each. They also marage t
time during which each will speak and sometimes
suggest an order which will lead the most expegdnar

the one at the highest hierarchical position tcakpater

the others.

Furthermore, the debriefing is a special momerddal
with stress. For the profession, stress is an itapor
parameter. According to the trainee’s level of strehis
performance can be either improved or deteriorated.
Sometimes, it gives rise to surprising reactionoseh
trainees are even not aware (see similar findings i
medical field: Geeraerts & Trabold, 2011). Trainees
must be led to speak about the stress, while taddang to
avoid a consecutive loss of self-confidence in them
their teammates. It is important especially to \allthe
trainees to identify the stress, to talk abouaitd build
with the trainer the conditions which will allow tower
stress levels towards acceptable conditions. The
debriefing is the designated space for this, ang th
rationalization of the living situation which islaved
here helps the trainees to better manage it thetimes

and perhaps helps to develop a kind of meta-knayded

Providing such "interactive analysis" helps thangas
to gain access to a process of co-analysis thashel
put in discussion personal professional styles and
sometimes the professional genre which is collectit
helps to develop the power to act. During this nahgsis
called “cross-confrontation” (developed in secti®?),
the elements of discussion usually unnoticed irlydai
work life are maintained more clearly to allow thes-
work. This is part of the role of the trainer inacbe of
the debriefing. In a Piagetist perspective, seeking
promote the taking of consciousness (Piaget, 1974),
trainer must make saying rather than expose wiictot
so easy to deal with taking into account all thestmins
that make the debriefing mostly directive.

3.2.The case of nuclear reactor pilots

Several kinds of training sessions are availabletlie
pilots (see description in Fauquet-Alekhine &
Maridonneau, 2011; Fauquet-Alekhine, 2012). The
training chosen here to be compared to the previous
aircraft case is the so-called “situation involving
training; it is done on 3 days, each day brokenrdowo

a briefing, a run on the simulator, and a debrgfin
session in classroom. The briefing lasts less tB@n
minutes. The run refers to the actual work activty

simulator (or simulated situation, with a time lemgf
2h30 to 3h). The debriefing session lasts 2h30. The
existence of a time of integration between two isess
(from one day to another) is a real advantage ftioen
learning standpoint: it is a time to think and fear
unconsciously.

The briefing time placed just before the session on
simulator helps anchoring of new practices thought
during the debriefing of the previous day. Thisfrg is
beneficial for all learning. The production of the
previous session remains present in the minds ef th
trainees and is reactivated by the trainers at this
particular time. This re-activates the attentionpdbts

on the items selected in the debriefing of the liefpre.

The run on simulator then lasts 2h30. It alwaysireg
with a transfer of information between the trainarsl
the operating team. This will contain a brief ovew of
the simulated installation state (current productevel,
eventually unavailable materials) and the work paoy
provided for each simulated job (change in produnrctd
come, planned interventions, periodic testing). Téren
"short" is crucial, because it focuses on a fiiffetence
with the real operation situation: the 5-10 minutiegs
with trainers are supposed to replace the miniméiB0o
minutes devoted to an exchange with the shift team
leaving the place and the one arriving, bringingetber
about fifteen persons concerned through a tearfirigie
At the outset, this first step contributes to thainees do
not forget they are on simulator and not in a real
operating situation. Perhaps this is why very qftie
trainees explain that they are "here to managealarda
which is to come." They therefore start by watch the
control room for the slightest clue in order toedgithe
earliest this hypothetical failure. Thus, we camsetimes
observe trainees in simulated situation focusingvbiat
seems to be such clue, for example, an indicatdevad
slightly more than normal.

In this simulation situation, the trainer's place not
neutral. This place is both enveloping and inseinetthe
situation. It is enveloping through the distant exver
position which will be essential in the managingtioé
debriefing.

It is enveloping because the trainer has full cdrdf the
scenario, by stabilizing or by adjusting the partarseof
the simulator. The trainer also provides answers to
reactor pilots based on the role s/he is led ty fdaly
the head of the operating team is trained on sitoula
for any hardware simulated intervention, pilots tise
telephone to exchange with the maintenance te@mici
or a field worker for example, role played by thedrier):
this is another form of adjustment of parametershef
scenario.

The place of the trainer is also inserted precibelgause
these contributions take place in the history o th
temporal interval inside the simulated situatiorheT
trainer may take the role of a field worker of the
operating team, that of a maintenance worker, or
voluntarily the disturbing role of any worker ineth
process.
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Physical phenomena are rarely of fast kinetic: rthei
variation usually takes several minutes, even for
accidental situations during which specific proaedu
are applied, and during which the piloting team! wil
involve 5 persons at a first stage, and a lot gpsuting
teams at a second stage.

After the simulator run, the team has half an hiome
break. After that, they are ready for a severalrhou
debriefing. This part of the training session is
specifically hard if the session begins at 6:30 am:
means that the people will have to work until 01pP0.
Usually, they bring some food and non alcohol dsifde
the time break.

The debriefing, proceeding of a retrodiction (seg@n

& Pastré, 2002; Fauquet-Alekhine & Maridonneau,
2011) elaborates an analysis of what happenedniona
linear way.

Based on the conceptual approach proposed by one of

the French psychology theoretical streams, theicalin
analysis of the work activity (Clot, 1999; Clot at,
2002), we can highlight the importance of implenmant
the discussion of the workers’ action by themselges
Fauquet, 2006 and 2007; Fauquet-Alekhine, 20128y Th
are asked to explain what they are doing beyonahait

is a priori agreed, to re-formulate — as in a nodassical
self-confrontation analysis (Theureau, 1992; Mo#lo
Falzon, 2004) — but also to understand the wayhichv
each one is approaching the situation beyond what i
agreed a priori and can remain implicit. The dehig
seen in this framework, aims to extend
implementation discussion beyond the implicit witkthe
story, suggesting that the development activity is
governed by conflicts between concurrent activitiest
may be incurred for a same task to achieve but with
different costs (Clot, 1999), which is a specifit tbe
crossed self-confrontation practiced in the clihica
activity. Must be put under discussion the carroad
activity, but also suspended activities, thwarted o
affected, and even including of counter-activitiés.
relying on the collective development of the stathye
analysis highlights for the workers a lived andreda
history of what has built the situation. Duringstiihase

of collective discussion, is implementing the "&os
confrontation"” for a necessary comparison of the
"personal styles" through the "professional geraatl
make them to evolve. It is therefore a co-analyséhée
collective debriefing which re-examine the profeasil
genre. The shared rules of the professional gaerbath
constraints and resource for workers insofar agukhes

are not fixed, but can be re-examined and proce3ged
professional genre performs a psychological fumctar
each worker through a transpersonal dimension (€lot
al.,, 2002). This process is shaped by using the
professional style of each, and by confronting eattier
within the professional genre, redefining it thrbuthe
transpersonal memory (within the meaning of Bannon,
2000).

the

3.3.Comparative key points

From the ergonomic standpoint, one of the strengths
the configuration of the nuclear reactor simulasothat
trainers are separated physically from the piles
sitting at a table big enough to receive contrahpaters

as notebooks. It is not the case of aircraft tr@imeho sit
just behind the pilots. The physical separationvedl an
exchange of views in real time between trainers.
Furthermore, it fosters an involvement of traingeshe
situation and a dialogue between trainers without
disruption or interference with the members of tim.
Two other advantages for nuclear pilots concern the
number of trainers (2 while 1 for aircraft teamydahe
continuous character of the training (2 or 3 days
following while one punctually for aircraft teamyhe
first advantage allows more relevant observatidvased

in real time and increases the debriefing quadityd the
second helps anchoring of new practices thoughhgur
the debriefing of the previous day.

From the profession standpoint, comparison putann
obvious place a bigger nervous tiredness for tlospof
planes than for the pilots of reactors on simulaldris
notably comes from the kinetics of tasks to be
accomplished: in the cockpit of the plane, actitmbe
put in chains and the answers of the technicakgsystre
much quicker than in the control room of the regobm

the plane, the scale of time is in the order of som
seconds in some minutes, while for the reactois it
counted in dozens minutes or even in hours.
Consequence is directly seen on the actors’ decisio
making: the pilots of planes are led to put in obai
decisions in a space of time which is counted cosds,
while the pilots of reactors have several dozeruteisin
most cases. Furthermore, while aircraft pilots deith
problems within their bounded team (2 persons), the
reactor pilots trespass this bound and have thefiberi
supporting teams.

The debriefing for these two professions is thewefo
structured consequently. Approach is directive tioe
trainer of the aircraft pilots when it is didacfior the
trainer of the reactor pilots (Béguin & Pastré, 200r
analytical  (Fauquet, 2007).  Concerning
aforementioned debriefing quality due to the preseof
two trainers for reactor teams, it must be notitieat
what can be done for the reactor team is possildetad
the possible time length of the debriefing. As diveraft
teams have directive debriefing, the benefit of two
trainers is not so evident.

the

In addition, study points out that, if pilots’ dkilare not
diminished by directive approach, there is nevéegsea
non-exploited potential which the comparison patam
obvious place. More recent observations have beer d
within the flight fighters training center of thedach Air
Force Army. Here, after about 1h flight simulattre
debriefing does not last more than 15 minutes, iarsl
not more than a feedback of the session from Hiadr
to the trainee. Both of them agree that after staihing,
the pilot is not mentally available to do more.
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4.Conclusion
This comparative study has shown that the debgdtin
a simulation training must take into account theinrma
point concerning the physical and mental statehef t
trainees after the simulator run.
Although most of the studies show that a didactic
approach gives better results than a directiveielfitg,
the first one being more efficient from a pedagabic
standpoint, it is sometimes necessary to perform a
directive debriefing because trainees’ state doet n
permit the expectation of a participative exchange.
Nevertheless, even being involved in a directive
debriefing, the civil aircraft trainers have showhmat
tending to the didactic approach could be possibith
less efficient effect than for the nuclear readtamers,
but anyway actual. This gap may be compensated by
other kinds of training sessions: it is the case tfe
aircraft pilots with the Crew Resource Management (
two days training session) during which pilots extuhe
about their professional practices. Following these
studies, several changes have aoocured. Todap{in)?
simulator runs for aircraft pilots have been redute
3h30 which help training to be more efficient. AeRch
fleet manager recently explained: “I realize howtarms
of training we have made progress. In fact we work
differently during training sessions. We have
implemented the ATQP (Alternative Training and
Qualification Program). It came from the fact thvee
realized that the most serious events occurredowith
technical failure, while we trained the pilots fogjor or
minor malfunctions. There was a gap between what wa
taught and the ‘real life’. We have inserted in our
sessions exercises without failure (cases from our
operating feedback), but which could generate
organizational dysfunction within the crew, and ghu
could generate stress. The absence of procedure to
manage the situation may be very dangerous if tbe c
is not robust or rather resilient. Feedback is very
encouraging. Another innovation concerns the pilots
assessment: now it is done at the beginning of the
training session. [..] We work about the weaknessfes
each. As two sessions are undertaken by the same
instructor, s/he can therefore adapt, in part,sth&sions
according to the pilots and and their weaknesses.”
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Abstract
Studies with French nuclear reactor operating telaans
shown the established use of‘standard of
communicatiofi which was efficient within the team but
showed drawbacks when shared outside the teamwA ne
standard has been implemented all over the nufibsstr
Difficulties for implementation have been identifién
terms of i) changing habits inscribed in mind aondyof
long date, ii) requirements of a new management
approach concerning the work activity. Successful
results have been obtained from the safety and
production standpoints.

1-Introduction
Industrial processes involve workers in the develept
of specific communication due to their specificusttial
context. The materials, the process itself, thersas to
which refers the process, lead them to name andtthe
use specific words to indicate what they want tq do
where they need to go, what they expect from each
other.. With time and use, the words used are reduced by
removing some syllables of some specific words.sThi
induces in dialogues a lot of implicit. Most of ttime, it
helps workers to be more efficient, because exasng
are done faster, mental resources are used to other
cognitive tasks than making and understanding long
sentences. But sometimes, it could produce sonstysaf
events that are undesirable. The aim of this papéo
present a study concerning the balance between
operational communication efficiency when words are
reduced, and potential safety event occurrencéheln
presents the way habits can be changed on thés died
the difficulties this change implies.
This illustration is accomplished on the piloting o
nuclear reactors. The clinical material is acquifieim
simulated situations on full scale simulator of leac
reactor, and from analyses of events of industrial

" This work has been presented at tiné Conf. on Simulation
Technology for Power PlantsSan Diego, USA, Feb. 21-26,
2010.

operating. By operating event, it is necessary to
understand a gap between realized work and expected
task. Any gap detected leads to a treatment (Fauque
2004, 2007, 2008a) and is assessed according to the
INES scale. Quasi entirety is classified at leve("ifo
importance from the point of view of safety").

2- Progressing of the " observation-analysis' period
For some reasons too long to expose in this stagémn
we focused our observation efforts and analysighen
activities of the men at work in control room.
The actors have been seen in 2004 and 2005 inotontr
room of real operating situations, and in contomm of
full scale simulator (Fauquet, 2009). This représen
about fifty hours of observation. For this
experimentation, specific scenarios were develogadl
being used on simulator to put the actors in paiéyt
difficult situations of communication. The aim w&s
understand and to assess the robustness of the
communication modalities. For not simulated sitagi
observations were made over the working period$agf
rather than night, during periods often implicating
numerous exchanges between persons (the frequéncy o
night exchanges is much weaker).
A synthesis of observations and analysis were then
presented and opened up for discussion in teams
(Fauquet, 2006). These results were inserted inéo t
study in progress at the national level of the fiton
contribute to the elaboration of standards of
communication. We discuss it in section "change of
communication practices".

3-Effectiveness and limits of operational

communication: observations - analysis 2004-2005
Observations show that the mode of fiabilisationthef
exchange of information is function of the comptigaf
activity and working context. The more situation is
complex, and the more the actors feel the needplaia
their understanding of activity, and to questiore th
interlocutor. This was modeled par Rasmussen enal.
1994.
This mode of reliability, by the explicit enunciati of
what is done and will be done, is particularly
implemented when the actors are not much famikariz
with the task to be accomplished.
In simpler contexts (that is to say for work adias
known by the actors because already done severas}i
observations realized in 2004 and 2005 showed that
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recurrent reliability modes were in general to tlwenber

of two:

- Reliability of oral exchange by the written support
the oral message is enforced by leaning on thelVisu
support which is the operating document, held & th
hand by one of the interlocutors so that the others
can support their understanding of the message by
reading at the same time.

- Reliability of the oral exchange by the material
support: the oral message is enforced by leaning on
the visual support which is the control panelshaf t
control room, by indicating of a gesture the contro
organs concerned by the message, which are
affected by a tag indicating the name of equipment.
However, this assumes that each of the actors
understands that this concerns what about they
speak.

Observations also confirmed (because known well in

advance) that the mode of oral exchange used a

"standard usage of communication" due to this itréhis

environment and founded on the typical location of

equipments in the industrial places.

This is made possible due to tasks to be fulfilked due

to the location facilities of equipments in the usttial

places. In effect, most of tasks concern groupieérgy

equipments identified as belonging tadaasic system"

of the industrial process.

Every basic system is spotted by a number and a

trigramme (example: 1RRI, 2RCV, 4SEF) where the

number designs the reactor to which is devoted#sic
system.

And every organ is spotted by three numbers and two

letters; both letters indicate the type of orgaxaaple:

PO for pump, VA for valve) and number designs the

number of the organ. So, 1RRI002VA indicates tHeeva

number 2 of the system RRI of the reactor number 1.

This functional mark "1RRI0O02VA" is replaced by

"2VA" [two-vee-ay] in what we named the "standard

usage of communication”. As we explained it, madst o

part the tasks concern group of given equipments

identified as belonging to a "basic system".

In these conditions, the exchange between actors

concerns a specific basic system and speech starts

general with the precision of the trigramme of Hasic
system, to evacuate it then besides of speech t@ ma
more efficient transmission and understanding of
information.

In effect, the transmission of information searches

systematically to minimize the number of words dmel

length of the signifier, what passes systematically
evacuation of number of reactor and the trigramfrtae
basic system.

After the first enunciation of number of reactodahe

basic system, these are then put down as implicit.

Example = the pilot of reactor number 1 is meeting

problem for which he sends a field worker to cointne

equipment:
"Reactor 1, | have one worries on the system RiS. |
the pushing back of the one-pee-ow. | would likat th
you go to see in place if the fifty-nine vee-pee is
opened correctly."

It is necessary to understand here that the pslkd for a
control of the position opened for the valve 1RIS@B
located downstream from the pomp 1RISO01PO.
Complete formulation would give:
"Reactor 1, | have one worries on the system RIS, i
the pushing back of the pomp one-RIS-zero-zero-
one-pee-ow. | would like that you go to see in plac
if the valve one-RIS-zero-fifty-nine-vee-pee is
opened correctly."
Other specific case: observation and event angbygim
an obvious place one generality. Some workers weake
the quality of exchanges because their activitiémyva
them only exchanges by telephone, and the actars ha
then tendency to implement an implicit communiaatio
by habit (Fauquet-Alekhine, 2009; Fauquet-Alekh&e
Pehuet, 2011) and to neglect the reformulatioregtiest
while it takes all its importance in such context.
Cases of partial reformulation of exchanges of mgss
were noticed during this specific context ; in #hesases,
the actors choose the key elements in the message i
order to make more reliable according to themsetlres
understanding of asked action, such as a part of
functional marks, of number of place, of numbetask
form. It is still a product of the standard usage o
communication displayed above.

4-Safety event analysis
We explained how the actors implemented a "standard
usage of communication" founded on the functional
location of equipments and on a specific protocbl o
exchange inserting implicit information, notably the
reduction of the signifiers. At first glance, thrglicit in
teams appears as a strength as much as it hel@véo
more efficient collaboration, notably via the excbe of
information, by allowing a quicker understanding of
information.
But this implicit functioning is specific to a gimegroup
by using a code which is its own one; if the cdnstn
of the group changes, it is necessary to make hgsat
that the implicit will not work anymore so efficity,
since one or several persons of the exogroupe have
full knowledge of the group code.
The event analysis has shown which can be
consequences.
If the "standard usage of communication" can lead t
critical situations, then it is clear that it iscessary to
replace it with another standard without loosing it
efficient side or loosing few.

5-Changes of communication practices
Studies led on the nuclear plant of Chinon were
compared with other studies led on other nucldas snh
France. Results introduced above were confirmethby
analysis of observations accomplished as well athby
event analysis (Fauquet, 2006; Fauquet-Alekhin@9p0
In 2006, the head quarter of the company deciddtréo
a Human Performance Programme on all the 19 nuclear
sites of France. This program comes from studiedema
in numerous industries, in France and abroad, & h
been fostered by studies such as that introduces] aed
others (Colas, 2001; Rousseau, 2008).
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The Human Performance Programme urges the actors of
the nuclear plants to make more reliable their
interventions by using 6 reliability practices. \Ateall be
focused on one of the practices of expected rdiliabi
concerning exchange between actors during their
working  activity. It is named "reassured
communication"”. The prescribed usage of
communication has vocation to take the place ngtabl
the "standard usage of communication” presentegegbo
and to hire those who do not use standard of
communication to apply it.

It is expected for interventions on equipments loé t
nuclear installation, particularly during routinetigities.

It is said "3 ways": interlocutor INT1 enunciates a
request, interlocutor INT2 repeats request, and
interlocutor INT1 confirms or rectifies.

6-Changes of communication practices
Going to this mode of "reassured communication'ncan
be immediate, all the less that the modalities of
communication in work, such as ttstandard usage of
communicatiofi exposed above, are inscribed in mind
and in body of long date (see for example Fauquet,
2008b ou Dejours et al.,1994). We explained that th
way the actors communicated between them has & sens
which we tried to understand. Thus, any request of
application of another protocol of communication is
going to be confronted with established practides.
effect, this habitus is historically and socialynstructed
according to rigid norms. Changing these attitudesll
the less easy as the sense of behaviors is stithware
for the actors. This is valid for reassured comroaition,
but also for other reliability practices inscribad the
Human Performance Program.
To lead the actors to implement and to insert thigr
professional practices this modality of reliabiliseveral
stages were worked out since 2007.
These steps are carried out by management at all
hierarchic levels, helped by human factor constdtam
by specialized training people. We shall not depdlme
detail of these steps because it is not the majecbbf
this publication.
The first step was a pedagogic training of prelianyn
The second step was principally a step of analysis.
The third step is a stage of permanent deployment.
This third step also leans on the full scale sinwia
maintenance simulator or piloting simulator. Theg a
used to teach the workers and the managers theitath
gestures of reliability practices, and to help thém
incorporate these practices, that is to say to them
with the body in working situation. Simulated stioas
also make demonstration of the effectiveness of
reliability practices at work (see Klein et al., &)
Fauquet, 2008c; Fauquet-Alekhine, 2009).
In parallel to these centered training situations o
simulator, the managers offer punctually in thentea
pedagogical animations, the objective of which ds t
support in the mind of the workers the practices.ga
Management create this type of debate regularly in
teams.
For it, management is also subjected to a specific
training. A computer tool to draw identificationdathe

treatment of these difficulties has been developea.
make more dynamic deployment beyond the action of
management, role models workers are identified and
trained specifically. They are persons acknowledged
technically by the colleagues, who were spottetdaee
very quickly accepted reliability practices. Thesde
models are able of helping or recommending their
colleagues on the subject. The role models areendid

in local network, what allows them to share their
experience and knowledge, difficulties and solwgion

7-Conclusion
The French nuclear production division of EDF has
decided to involve every worker in a large relidbpil
activity plan, the Human Performance Programme, in
which reliability of operational communication is
concerned.
We shall take two examples to objectify resultsusemg
at national level:

e The number of reactor automatic scrams of
diminished by a factor close to 2 between 2007 and
2008, and the decrease is going on in 2009.

e The number of events which would be owed to
non-application or ineffectual application of
reliability practices diminished by a third.

These results are particularly satisfactory as tiue
effectiveness of progress. Yet, it also objectifibe
remaining margin of progress.

However, changing from a mode tdtandard usage of
communication”, inscribed in mind and in longstadi
body, to a mode of "reassured communication"
prescribed, cannot be immediate and will never be
absolute.

Two questions at least now can be put in study aith
view to following ongoing progress:

» Since the mode of communication between workers
is led to change, evaluating from a tradition to a

prescription, how this mode of "reassured
communication” prescribed can generate
"misappropriations” of application? In effect,

numerous studies, among which notably those of
Clot (1995, 1999, 2000, 2002, 2003, 2004), put in
an obvious place the involvements of prescription
on working activity and what can implement the
actors to answer it in a deviated way or not.

e How the future generations of workers will put in
their professional practices this mode of "reas$ure
communication” prescribed?
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Abstract

There are work activities for which the action of
intervener directly on the object of work is impitds,
most of the time due to safety constraints. Ithis tase
for example of a polluted industrial environment or
quite differently, the human body. In the first eas
interveners may need to keep far from the resttiatea
due to chemical hazards or high radioactivity for
example. The second case may be surgeons prefésring

be as less invasive as possible in order to reduce

anatomical damages; the aim is to help patients to
recover health as fast as possible. Some cases allo
training in the real context and for others, thek fiactor

is important enough to imply training in simulated
situation. This may be done on full scale or virtua
simulator.

Comparing pilots of robotic devices for radioactive
hostile environment at INTRA group on one hand, and
physicians for mini-invasive surgery at IRCAD oreth
other hand, we points out the constraints of each

profession and the consequences on the associated

simulation training, with a focus on the first pee$ion

(to make it simple, we suggest to consider a work
situation as d‘simulation training as soon as it is a
training session AND a part of the situation atsteia
simulated, such as physical phenomena or environmen
for example). This was done on the basis of inéawvei of
managers, trainers and trainees, and with the bé&lp
observations done in real and simulated situations.

Our findings show how thé&hostilé’ character of the
work for robotic device pilots of INTRA sizes theowk
activity while surgeons are mainly led and bounded
their work by the aim to keep the patientife. The
“hostile’ character of the work induces a high probability
of unpredictable facts and the consecutive risk of
destruction of the robotic device which would make
mission fail. In terms of training, this means tlhé

" This work has been presented at the annimal Workshop
“Intervention robotique en milieu hostilebf the Group of
Robotics INTervention on Accidents (INTRA), Fontravita
06-07 June 2012.

http://www.groupe-intra.com

simulated activity is most of the time far from theal
situation and thus makes the transference procéss o
knowledge and know-how from simulation training to
non-simulated activity more uncertain than for thigi-
invasive surgery. INTRA group copes with this ditfity

by training the pilots in a large diversity of casmn full
scale simulation training, and through virtual siation
training using ITUCR software. To go farther, the use of
such a virtual simulator in order to offer to thtopa lot

of different possibilities of environments would aeeal
benefit.

1. Introduction
High risk work activities imply sometimes risks ftive
interveners (endorisk producer), for the people
concerned directly or indirectly by the activity thoot
interveners (exorisk producer), sometimes for both.
Astronauts for example are most of the times infittse
category. Surgeons or anesthetists are mainly @& th
second category. Civil aircraft pilots are of therd
category with risks concerning both themselves and
people travelling in their plane.
For some professions and in some cases, specific
constraints imply not to intervene directly in cacttwith
the object of work activity.
Endorisk producing activities are the case of peopl
operating in hostile environment. For example, ders
use robotic devices to approach the bomb susceptbl
explode while they try to deactivate it. The same f
operators involved in post nuclear accident who tmus
check radioactive industrial equipment: we shatehge
concerned by the group INTRA which has developed
specific robots for this purpose (Fig. 1). INTRAshi®
conceive, to operate and to maintain a fleet obtiob
machines 24 hours / 24 hours capable of intervenimg
the place of human beings, in a major nuclear actid
in and around the industrial buildings of its mensbét
also assures the continuous training of pilots iwithe
installations of companies members: EDF, CEA and
AREVA. (web site:http://www.groupe-intra.cojn

1 ITUCR : Russian Agency of Nuclear Energy - Center
of robotics (Moscow, Russia).
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Fig. 1. Examples of INTRA robots driven in a sineda
hostile environment with the control panel (middle)
For exorisk producing activities, the case of sargeis
interesting. They are involved to seek the leaghsive
intervention possible for the patient. To achietés,t
mini-invasive surgery appears to be an appropriate
solution as it is the least invasive manner of apeg.
Instead of opening up the body with large cuts mode
the organs, small holes are done to insert surgicas
and camera for a very local operation. Since sévera
years, IRCAD (Research Institute against Digestive
Cancer, Strasbourg, France) has developed such a
technology for the digestive apparatus based orusiee
of robotic devices (web sitewww.ircad.f). Among
IRCAD digestive cancer research laboratories, ttazee
a research and development department in computer
sciences and robotics, and a training center irimaitty
invasive surgery (see for example Soler & Marescaux
2011). In this frame, IRCAD welcomes surgeons in
training sessions to develop the use of robotitesys
(Fig. 2) such as those developed by Intuitive Swyrge
(web site:www.intuitivesurgical.com

Fié. 2. The Da Vinci surgery facilities and the geon
on the right engaged in the control unit.

In both aforementioned cases, interveners use ibot
devices, or robots. Some cases allow a trainirigérnreal
context and for others, the risk factor is impottan
enough to imply simulation training. To make it pim

we suggest to consider a work situation &simulation
training’ as soon as it is a training session AND a part of
the situation at least is simulated, such as phjsic
phenomena or environment for example. This may be
done on full scale or virtual simulator using partfull

the robotic devices. A robot is here a tool thatigmged

the intervenés body for him to act on the work activity
object without direct contact. According to the
Macmillan dictionary,“robot’ is a machine that can do
work by itself, often work that Humans do. We mhatl
here the remote control character of the robothes t
machine does by itself what Humans ask it to do.

Yet, if this definition may fit both of the aforemgoned
cases, the robot in each case is quite differémyTare
designed according to the work aim, to the envirenin
and to other constraints inherent to the profession
specificities. As a matter of fact, the way theatsbare
piloted and the training associated are different.

The present study aims to analysis these diffecencd
what are the consequences in terms of traininggdesi
The problematic is interesting because, at a migwe,
both INTRA and IRCAD work activities can be
described in a same manner: an operator intervenes
within a risky framework in an environment wheréesa
constraints lead to use a robotic device. In bates, the
interveners work inside the object of the work atti

the hostile environment for INTRA and the patieat f
IRCAD. But when we watch the details, they become
quite different. INTRA is mainly led to keep on \org

the robot within a hostile environment: the losgafot
brings the mission to an end or implies a delay #ed
hostile character of the environment may contribtote
the loss of the robot. IRCAD is mainly led to ketiye
patient alive with less damage as possible. Ifrtimtic
device fails (is found not suitable or does notkypthen

the surgeons can come back to the classic invasive
technique and achieve the mission. This is notipless
for INTRA since anyway the mission will be perforine
by a robot. Furthermore, tHéostile’ character includes

a priori the unknown dimension of the environment:
while the human body is usually known for surgeohs
IRCAD, the hostile environment contains a part of
unknown configurations because hostile environments
are most of the time hostile due to destruction.
Comparing both professions and the associatedritgin
we aim to identify what is done by each one andeapp

to be of great importance for one and not for theeio
This will help to emphasize what appears as keytpoi

of the work activity in terms of pileg skills and the
comparative study will highlight why these are keys
points. This will help the trainers to enforce some
specific points and will help other professionsewen
newly concerned professions to conceive an adapted
training according to their kind of robotized work
activities.

2-Materials and method
For both work activities, interviews have been duuitd
managers, trainees, trainers and observations hese
carried out on simulation sessions only.
Trainees met are not novices: they are experienced
professionals, who are trained to new technical
specificities, new procedures, or just re-traineml t
maintain their skills.
For both professions, two kinds of situation haeerb
seen:

e Simulation with virtual representation of the
object of the work activity, which implies
computer graphic conception.

e Simulation with a real representation of the
object of the work activity: an experimental hall
where move robots for INTRA, and an
anesthetized pig for IRCAD.

Of course, for the first kind of situations, the ol
simulator take a reduce form. And for the secdhd,
case of INTRA presents a particularity: despite the
simulated character of the simulation session)dhs of
a robot (if happens) will be real: a robot fallifrgm the

89



Socio-Organizational Factors for Safe Nuclear Operation — Vol. |

stairs is really damaged and the waste of money lmeay
up to 1Meuros.

Figures 4a & b show INTRA robot on full scale
simulation and control panel. Figure 4c shows finia1
simulator for INTRA: the video images on the cohtro
screens used by the pilot are virtual while progtidisy
cameras fixed on the robot in full scale simulator.
Generated by the calculation software Robsim dgezlo
by ITUCR (Volov et al., 2002), they can reproducs a
environment according to the programfeedesire. The
trainee is thus sat in front of the real contrahgla, and
all that concerns the robot and cables are absent.

Cl | AL D
Fig. 4 a) INTRA robot on full scale simulation gessb)
INTRA contro panel during training session, c) The
virtual simulator for INTRA with virtual images dine
control screens generated by the calculation safwa
developed by ITUCR.

Furthermore, for pedagogical purpose, ITUCR soféwar
provides additional views of the robot moving ireth
hostile environment (Fig. 5 a & b). This allows the
trainer to have other arguments whilst explainirftatis
going on and helps the trainee to improve the rigsliof
what was done, making a relationship between wiaat w
viewed on screens and what can be seen from far.

Fig. 5 a & b: Additional Robsim (ITUCR) views oéth
INTRA robot moving in hostile environment.

Figures 6a & b show the virtual simulator used in
IRCAD: the video images on the control screens uged
the pilot are virtual. Generated by the software
developed by Intuitive Surgery, they reproduceitisee
human body environment according to the anatomic
laws. The trainee is thus sat in the real contanigfs,
and all that concern the robotic device and cables
absent.

a " i -

Fig. 6. The virtual simulator Da Vinci used in IRBA

and developed by Intuitive Surgery and a virtual
simulation through Mimic software on 6b.

We shall consider trainees who know the job and ddo
not train on simulator for an initial training tedrn the
work activity as beginners. This choice is maderider
to have comparable cases. This is necessary because
while all INTRA pilots are concerned by an initial
training on simulators, it is not the case of sorgeat
IRCAD: they first learn their profession, practicand
then are concerned by the use of a robotic device.

For surgeons, observations have been done on siomula
training sessions performed in IRCAD (Institute for
research against cancer of the digestive apparatus,
Strasbourg, France). We call hefgimulation sessidn

the training of surgery teams in the theatre whée
human patient has been replaced by a pig (chosatsfo
close anatomical and physiological characteristics
human). The training session involved two surgeants

for mini-invasive digestive surgery, working on DA
Vinci robot from the Intuitive Surgical company,
currently the most used surgical robot worldwidetHis
context, the surgeon works in specific conditioree(
Fig. 2): the physician is sat in front of a contdalvice
(right hand side of the picture), the head is putamthe
video box where he has a stereoscopic vision of the
operative scene filmed by two cameras, his arms are
sustained by a support for the hands to be invoivede
manipulation of two rings per hand. Through thésgs,

the surgeon manipulates instruments introducediénsi
the patier’s body and realizes the surgical operation.
Similar observations have been done with during
simulation with virtual representation of the oltje€the
work activity.

3-Results
The main result is interesting by the way it stuues
relationship between the work activity and the aims
[organization, tools]. It claims that the objecttbé work
activity is sizing most of the parameters and fectof
the intervention because this object determines the
endorisk or exorisk character or the activity. &etf it is
the classical finding that the work activity is argzed to
minimize the risks, taking of course into accounstc
and production objectives (Fig. 7). Other constsaimay
be added such as legal or technical constraints.
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production technical

constraints

M.
sizin
Work activity U eﬁ'eft

Exo or endorisk Human skills, Organization
activity And tools

constraints

Object of the
work actvity || neringic

effect

sizing
effect ﬁ sizing
effect

economic legal
constraints constraints

Fig. 7. The influence of the object of work acgivit
sizing organization and tools through the exo/eislor
characteristic.

In both cases (INTRA pilots and IRCAD surgeons),
organization and tools contribute to minimize rigks
produce nevertheless side-effect risks.

For example, INTRA pilots explain that the hostile
character of the environment where they must ieteev
implies the robot device to be able to go far friivam
where no human being is expected to go (at leattteat
time they are called to be in the place). As thstit®
environment is usually a damaged industrial plaasé

of Fukushima nuclear accident in 2011 for exampde),
radio remote control is not possible as said abdve:
industrial plant are full of metal which interfergith
radio waves, and nuclear plant have so thick whid
waves are stopped. Thus the robot unwinds cabldstwh
progressing in the environment which is usually
damaged. The fact that the 350 meter-cable could be
trapped somewhere and block the robot on the wal ba
or damaged by anything falling down is what we eall
side-effect risk. We could name it a consecutigg.ri

At IRCAD, the mini robotic device is used to reduce
pain and injuries of the patient. The robotic devitoes
not progress within a large space: robotic tootsiaside
the patieris body, and their movements will be bounded
within the space of the surgical intervention. Thilne
presence of cables or other robotic links is desth:
everything is put in the right place at the begngnof the
operation and then nothing is expected to movehdf
surgeon loses the string used to sew the cut flesy

be difficult for him to recover it with the mini-msive
robotic device. After that, making a knot to stdmet
string is another difficulty for which he has to tveined

in order to not injure the patient whilst handlitige
string. These are other examples of side-effe&is ri
consecutive risks. Nevertheless, the surgeon isecto
the patient. S/He keeps in mind that any classigcejery
remains available.

As we see, at INTRA, the intervener must care abiwait
environment in the aim the keep safe the robot fwhic
will achieve the mission. At IRCAD, the surgeon Inus
care about the environment in the aim to presdrve i

We shall discuss below the consequences in terms of

stress for the intervener.

In both cases of robot piloting (INTRA pilots and
IRCAD surgeons), interveners are concerned by:
e the same problem of piloting operation:
movements are done according to cameras,
e minimizing risks implies simulation training,

e simulation facilities are partly based on virtual
simulation and partly based on full scale
simulation.

But an important difference concern the social supp
while the INTRA pilot works with a co-pilot and &ief
supervisor who can ask at any time the advice of
colleagues who may help him concerning the chaice t
be done, on the contrary the surgeon is alone. In
addition, most of the time, the surgé&orhoice must be
done at once, while the INTRA pilot has a minutes,
sometimes hours to choose. It makes a huge differen
terms of decision making process.

4-Discussion
The sizing effect due to its exo or endorisk chiabas
a direct influence on the intervefestate of stress. This
appears clearly after observations and especidibr a
interviews. Table | shows what we explain hererafte

INTRA pilots explain that getting the robot to move
forward is difficult: an obstacle or an unstableface
might knock over the robot or block the cable. urchs
configuration, the robot is immobilized and no athe
robot may be sent. Anyway, the best solution remtie
one which will not involve human being in a local
intervention. As a consequence, the pilot must Hatvs
best to keep the robot operational and molslele cares
about the objective of the mission and about“tfie” of
the robot. S/He keeps in mind that any mistake atitbrt
the mission.“No more robot, no more missiofior the
pilot. After such an issue, other people will taltearge
of the problem and have to enter the area whil¢htzer
objective is to avoid exactly that.

In the case of INTRA pilot, reaching the goal df thork
activity is directly linked to the robot.

IRCAD surgeons explain that the main objectiveds t
reduce pain and injuries of the patient. The raboti
device is used in this aim, but any failure usihgs t
technique does not keep away from the possibibity t
come back to the classical surgery, a relativeby eshift
as the patient is close to the surgeon with alféledities
available to do so. Th&No more robot, no more
missiort for the surgeon does not apply here.

In the case of IRCAD surgeons, reaching the godhef
work activity is not directly linked to the robotitevice
since the surgeon can change from the mini-invasive
technique to the classical surgery.

From the psychological standpoint, tfido more robot,
no more missioch implies consequences on the
intervenets self-esteem. A mission success is more
probable for the surgeon, or should we write a imiss
failure has a higher probability to occur for th¢TRA
pilot. As the pilot knows it, it is important foirh/her to
be self-confident enough in order to have a goddybti
realistic self-perception of his/her skills and qmtence.
This self-perception is directly link with the selfteem
as it contributes to foster it (see for examplénSaulieu,
1997; Lieury & Feunouillet, 1996).
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Table I. Implications of the risk characteristic ¢tme
mission issue: each line induces the following.

INTRA robot pilots | IRCAD surgeons

Risk
characteristic

Endorisk: Exorisk:
hostile character of | Reduce pain and
the environment injuries of patient

Tool sizing Robotic device going Mini robotic device
far from the close to the
intervener intervener

In case of robot
failure, human
(surgeon, usually the
intervener themself)
will go to deal with
or do the job

If robot is lost, no
human will go to deal
with or do the job, or
if so, with high health
risks

One potential
consequence

Effect on the | A mistake may lose | A mistake may lose

intervener the robot and stop the¢ the patient, but if any
intervenefs robot failure, the
contribution intervener will cope
with classic surgery
Link robot- No more robot => no| No more robot =>

alternative: classical
surgery

mission issue| more mission

In this context, the virtual simulation is a nedgsboth
from economic as from pedagogical standpoint. Both
situations are high risk socio-technical systendefines
elsewhere (De la Garza & Fadier, 2007; Fauquet-
Alekhine, 2012a). As for any of such systems, INTRA
robot pilots and IRCAD surgeons take advantage of
virtual simulations because it avoids damaging teloo
pigs resp. (which cost money and animal lives) and
permits a broader diversity of training cases wdth
possibility of replay or a possibility to see wtennot

be seen if not virtually simulated. This is welugtrated

by the Robsim additional views on Fig. 5 which aatnn
be so easily available on full scale simulator.

As shown is previous works (Fauquet-Alekhine et al.
2011 & 2012), simulation training is expected tduee

the interveners stress level. We showed how this
reducing process could help the subject to workhin
appropriate Human Functional States (Leonova, 2009;
Fauquet-Alekhine, 2012b) with regards to the Yer&es
Dodson theory concerning performance versus stress
(Yerkes & Dodson, 1908).

The variables potentially inducing stress are sinfibr a

few of them and different or opposed for othershl&al
exposes a list of the main variables producinggase of
intervenets stress.

Simulation training appears then as an appropriate
solution to reduce these stressful exogenous paeasne
(meaning that these parameters are due to external
sources as defined by Fauquet-Alekhine, 2012b).
Especially virtual simulation gives the opportunity
build an environment as close as possible to theard
one. Even in case of damaged industrial plant,
assumptions done about damages may help to elaborat
the most probable environment for improving the
intervenets knowledge which is possible with Robsim
developed by ITUCR: computer simulator can be used
evaluate the feasibility of some operations; foaragle,

by the virtual model of environment where accident
happened can be checked the route for the robot and
feasibility of technological operations. The sanw f
surgeons in case of tumor: it can be added to tiosvk
anatomical environment the induced special distuzba
within the virtual simulation. The surgeon is thtsned

as closely as possible to the reality.

Table Il. Main variables concerning interve'sestress.

INTRA robot pilots | IRCAD surgeons

0 time pressure

0 cost pressure

o safety / physical risks for others

o physical discomfort due to the premises or
position or noise or ambient temperature

Shared
stressful
parameters

¢ Risk of destruction| -«
of material by
falling in holes or .
buildings falling
e unknown .

Risk of patient
death

Partly unknown
environment
Alone for decision

environment => making
self-perception of | «  Very fast kinetic of
skills & phenomena
competence e« sometimes

e unknown difficulties to

environment =>
high probability of
unpredicable facts
=> self-perception of

skills &
competence

¢ the weakness of th
simulation
training, not so
close to non-
simulated situation

e adisturbed (not
flat) environment
source of obstacleg
which could block
the robot; thus, a
significant
probability to lose
the robot

¢ possible loss of
metrology,
especially video

¢ noisy, bad visibility
environment

e aunusual practice
: the real situation
happens very few
times (*)

watch with time if
glasses needed
(effect of sudation
and tiredness)

D

Different stressful parameters

(*) Since its creation, INTRA was never asked for an
emergency in nuclear hostile environment due tandnstrial
accident. The few interventions concerned maintemanc
problems and where operated in order to reduce aichthe
radioactive exposure of workers.

Thus, virtual simulation training reduces the intarefs
lack of knowledge concerning the environment. By
reducing the stressful intensity of this varialilee fear
to lose the robot (INTRA) or to injure the patient
(IRCAD) is reduced. It means that we obtain a
consecutive decrease of another stressful varidtbles,
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the intervenés internal resource becomes available to
manage the other stressful variables and we olsain
global improvement of the interven®r Human
functional State.

5-Conclusion
The present study has emphasized what are keyspafint
the work activity in terms of pil skills and the
comparative study has helped to highlight why therse
keys points.

This might help the trainers to enforce some specif
points and help other professions or some recently
implicated by this problem to conceive an adapted
training according to their kind of robotized work
activities.

Additional interviews are planned to investigatee th
effect of the distance between the control fae#itand
the robotic devices: for example, do two metere dhe
same stress to the surgeon than 2000 km in catsdeof
operating?
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Abstract
Simulator training sessions for teams and crews
concerned with high risks systems are definitelytaip
date. For some big companies (refineries, chemocal
nuclear plants) or big organizations (hospitals,
universities), full scale simulators concern ifitraining
as reinforcement. It involves countries in all past the
world. One of the tools which can be very usefultfee
trainers working on such simulators is the auditeui
system. This paper explains why, and gives adwvice i
order to use such a system in good conditions. This
advice is based on many observations and exchanges
done with aircraft pilots, anesthetists and surgeoavy
officers, and nuclear reactor pilots.

1- Introduction
Simulators are now commonly used to train the teams
involved in the process concerned by high risk work
activities. Nuclear or chemical plants, for example
require to be managed from complex control roonaby
staff of operators who must make as less as pessibl
mistakes: some of them, or several combined togethe
can yield to dangerous situations for the peopleking
on the plant, or the ones living outside the plants
Another example is the aircraft pilots who must tooin
their plane in order to keep all the crew and pagses
alive. The same for the physicians (surgeons or
anesthetists) who must have the appropriate behavio
keep or save the life of patients.
To train all these people, many companies or
organizations have invested in full scale or patkt
simulators: people can thus be trained in difficult
situations without any danger for anybody. One h&f t
tools which can be useful for the trainers on such
facilities is the audio-video recording. But some ribt
purchase it because they do not find this usefufioonot
have the money to buy the facilities, or do not wno
what must be chosen.

" This work has been initiated in 2008 and the tdsave been
gathered in an internal report of the Lab. of Redeéor Sc. in
Energy (2008), reference: LA/./rapint-video01 ind00

We provide here advice in order to show the utibfy
such systems, and to help trainers to use thenoad g
conditions.

2- Context and purpose of the use of video during
simulator sessions

When pilots or operators are trained on full scale
simulator, usually, a debriefing session takes elfr
them to discuss together with colleagues and with
trainers about the work done during the simulated
situation (Fauquet-Alekhine & Pehuet, 2011). This
debriefing is important and we have already disedsts
utility (Fauquet, 2006; Fauquet-Alekhine, 20124d)isi
the time during which individual and collective wor
activities are put under discussion, within the ugraf
workers. This makes then possible for the workers t
transform or not their individual and collectiveaptices,
to decide together this evolution, in order to shtre
rules of their trade. It is a time to understandetber
what has gone right or wrong, and then be consadus
good practices, or find solutions to change inappate
practices.

Usually, the analysis produced by the trained teauth

the trainers is based on what everyone of therbles ta

put together in the collective discussion. Mosttloé
time, this narrative, which can be called "retrdidic”, is
enough for the people to discuss together aboutvirk
effectively done or not, and to point out most bé t
positive or negative characteristics of the coilector
individual work activities.

But all trainers know that, sometimes, it could be
comfortable to have a kind of "proof* of what has
happened during the simulated situation, because i)
sometimes, trainees are not so convinced of what is
reported about what they did or about what happdayed
colleagues or by trainers, or ii) people do notersthnd

the way they effectively did what is reported. licls a
situation, trainers would be happy to make the
demonstration by the use of video recording.

As we said above, some training centers do not have
such equipment, and others have different typestwhi
can bring advantages as drawbacks.

3- Observationsand analysis
Our analysis will be based on four kinds of obstove
on simulators equipped or not of video systems. fdhe
kinds of simulation training sessions are linkedhwhe
following jobs:
» aircraft pilots of a big European company,
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« commercial navy officers for big ships and vessels
of a European country,

* nuclear reactor pilots of a big European company,

e anesthetist's training at a European university and
medical center.

For commercial navy officers and aircraft pilotsp n

video systems are available, but of course, traineuld

like to have one; if they do not, it is not onlygaestion

of cost. Until recently, it has also been a questid

performance of the systems, which have, for a ting,

been based on tape recording video (we shall discus

about the drawbacks of those facilities farthery. ve

said, it has not only been a question of money: the

aircraft trainers made several years ago some watis

cameras fixed inside the cockpit, but the cockpitd

narrow that is was quite difficult to find the righlace

for the cameras, and the records obtained at itmis t

were not good enough to be exploited correctlynéans

that using cameras for video recording implies the

previous and careful study of the simulator in orte

identify the relevant location of cameras.

4- Usethe wholerecord or not?
Usually, the whole session on simulator is recorded
which is a good thing, because we never know in
advance all of that could be useful during the wing.

But, must the trainer watch the whole time recaydin

with the trainees? Usually no, except for specific
reasons, like the self and cross-confrontation ligpesl

by the French Work Psychology streai@lot et al.,
2002; Fauquet, 2008). Another specific reason ¢aldl y
the trainers to watch the whole time records, hithout
trainees: this is what we did the past year withsametist
trainers, in the frame of some researches conagrnin
stress and its implications during training sessiom
simulators (Fauquet & Emaux, 2010, Fauquet-
Alekhine et al., 2011). But for the debriefing fodling
the simulator training, it is clear that this mumit be
done for the following reasons:

e The debriefing must be a space of time for
discussion; only this discussion (we mean the effor
made by everyone to bring into words the thoughts
of what they did or not) will lead them to a progge
in their work activity (Dejours, 2000; Clot et al.,
2002; Fauquet, 2006; Fauquet, 2008). Thus,
spending time watching the simulator movie is a
waste of time.

e The video record must help the trainer in the
demonstration of a fact, in the aim of a pedagdgica
goal. As we noticed above, sometimes, trainees are
not convinced of what is said or reported during th
debriefing, even if it is done by their peers rathe
than by the trainer. In such a case, the trainedsie
to make the demonstration by the movie. And in
such a case, watching the whole recorded movie is
not useful: just the few minutes concerned by the
situation must be used.

As we see, the video record must be used just in a
punctual manner; it is a help for the debriefinglevithe
debriefing is not the opportunity to see what has

happened on the screen in a passive way. The €éiegrie
must remain a time of collective discussion.

5- Taperecord or numerical record?
Despite the technological progress concerning video
systems, numerical facilities compared to tape nding
facilities are still much more expensive. The guest
then is : must we decide in favor of tape recomtsaf
qguestion of price ? The answer is definitely NO.alf
training center do not have enough money to proeide
numerical system, the best is to wait for the pteo
lower, because, with the tape record system, maviky
be lost as a waste of time. The following exampig w
help to understand why.
It concerns the nuclear pilots' training. Some
observations have been done since more than tas yea
on the same training center. During this time, \thieo
facilities have changed, from the tape recordinstesy
to the numerical system. And we have been lucky
enough to use both of them. The difference has been
done very fast in favor of numerical facilities.
With the tape records, time had to be noted oreetsbf
paper, since, as we explained above, the wholerdeco
must not be used, but just some few minutes hede an
there; thus, it is necessary to be able to find the
sequences which are of interest. When this was done
during the simulator session, then, during the idéhg,
finding the right sequence in the tape record vediser
hard, and was taking the time of the trainer duritich
trainees were waiting. This was not a problem when
there was just one sequence to be shown: in sease
the tape could be prepared during the time breaknad
between the simulator and the debriefing. But when
several sequences were needed, it was ratherudtiffor
the trainer.
Today, the training center uses numerical systens |
quite different; should we say : it is like the fiea
compared to the previous system ? During the sitmula
session, trainers can make observations and, with a
simple click, put a time index on the time line the
record to notice what is of interest for them ladaring
the debriefing. And they can associate a title His t
index, in order to find it more easily later. Ttaows
them to have quasi instantaneous access to thersszgi
of interest during the debriefing, and even to save
sequences.

6- Camera characteristics
The zoom accuracy of the camera must be chosen with
regard of what is planed to obtain by the traindts.
depends of the kind of job for which people aréned,
and it depends of the size of the room where thieitrg
session takes place.
If we consider the aircraft simulator, the distance
between the camera and an object far from it can be
around 2 meters. But if we consider the nucleactoza
simulator, it can be 10 meters. Concerning anesthet
and navy officers, distances can be between those t
extremes. So, we can see that the choice of thersam
will be quite different from one case to anotharstj
because of the room size.
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Another point is the one of the objects that mayobe
interest. For the case of nuclear reactor pilotgedence
has shown that it was quite comfortable for theneato

be able to make a zoom to specific points like gheet

of paper on which the pilot is writing, or on a ejiv
indicator that a pilot is trying to read. This odurse

must be coupled with another functionality whichthe

possibilities of movement of the camera: zoomingnse
pointing a specific target, and so, high accuracystnie

chosen only if the camera is equipped of movingatem
control.

7- Ambiance or individual microphone?
Most of facilities provide a full audio-video systewith
ambiance microphones. This can be convenient fer th
anesthetist simulator, or sometimes, for the nuclea
reactor pilots, because they are working in a low
sonorous ambiance, and their voices are audiblg.ore
reactor simulators, it has been chosen by the coympa
since a long time, to have individual microphone fo
each of the people trained in the piloting simulago
that the quality can be every time as good as plassi
For the aircraft and navy simulators, it is quitBfedent
since the full scale simulators reproduce the safrttie
engine: to be more realistic, this choice has tdbmme,
and thus the trainees can have a closer feeling on
simulator to the one they have in non simulategasion.
Furthermore, on the aircraft simulator, when thekgit
is moving as it is supported by hydraulic jacksmeo
sonorous vibrations can be heard inside the simul#t
there is no individual microphone, it can be difficto
hear the pilots' voice. But these are just assumpti

based on the observations made, because the company

we have worked with has not yet equipped the sitarda
of audio-video facilities.

The conclusion is that if the simulated situaticare
noisy, individual microphone must be chosen.

8- Telephone discussions
According to the job concerned by the simulation,
telephone or HF radio will be used for discussion
between the trainees and others involved in theqa®
of the simulated job. Usually, the "others" areypth by
the trainers during simulator sessions. When the
discussion takes place via the radio, there ismblpm
most of the time to record the whole conversatidth w
the microphone, but when the telephone is involeea,
part of the exchange is missing, and this can be a
drawback because, most of the time, operational
communication is a parameter of great importance
(Fauquet-Alekhine, 2009, 2012b) that must be used
during the debriefing if needed.
On the nuclear reactor simulator, this option was$ n
available at first within the numerical facilitieand our
observations have quickly lead to put this as &cafe
mean of the system. Thus, the telephone line mest b
recorded on one track.

9- Moviedistribution or not?
The question concerns what must be done with the
recorded movies obtained during the simulator sessi
As it has been exposed above, those movies amuose

used during the debriefing. But after, what mustibee
with them. One can think that it will be a goodad®
provide the movies in a common format to each é&mjn
for further analysis. It means then that everyheim will

be able to show his own job on the computer to the
people he wants. Of his own job, but of the coliess)y
job too! And this is the problem! From the ethic
standpoint, and in some countries from the legal
standpoint, it is forbidden to put this sort of endideo
material at their disposal. And from the self-estq®int

of view, it can be a problem for some people of the
trained team. The problem comes from the fact that
people are not so much used to watch themselvéiseon
TV screen, neither to hear their own voice. Anddome

of them, it can be a problem: the problem of a ltieta
voice, a problem of clothes not so nice, a probk#m
stoutness or baldness; we have observed some tase o
debriefing blocked just because of self physical
discovery on the movie (Fauquet-Alekhine & Pehuet,
2011).

A second problem is related to the future positéthe
trainees. If among the trainees stands a futureagemit

will be possibly difficult to say things that coulcbuble
him/her.

To cope with these kinds of problems, the nuclear
company has written in its organization documeh#d t
all records would serve only to the session in prsg
records are then deleted after each session. For th
anesthetists, the trainers co-sign a letter wittryof the
people trained on the simulator, before every sassn

this letter, trainers engage themselves not tariblige

the video, to use it only in a research goal, anttaat
the data with an anonymous approach.

Experience has shown that it is much better not to
distribute the files of the records, and that tasnmust
always keep a hand on them. This is suggestedhéor t
legal standpoint, for self-esteem, and also for
pedagogical considerations.

10- Concluding advice
We can now gather advice from these above comments.
A previous and careful study of the simulator is
necessary in order to identify the pertinent |lamatof
cameras.
Those cameras are link to a recorder. Even if tape
recordings are low cost, they must be avoided tsmcau
they are too heavy to use. The numerical recortesys
must be chosen, and in case of lack of money wbise
to wait for the price to be lower. Experience hasven
that using a tape recorder is most of the caseastevof
time.
The zoom accuracy of the camera must be chosen with
regard of what is planned to obtain by the trainérs
depends mainly on the room size and on the tarbathw
has to be seen by trainer. High zoom accuracy imeist
coupled with moving remote control of the camera.
Concerning the audio system, if the simulated siina
are noisy, individual microphones must be chosamd A
if exchanges between people involve discussionhen t
telephone, the telephone line must be recordedren o
track.
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The trainer must not watch the whole time recording
with the trainees during the debriefing, except for
specific reasons, like the self and cross-conft@mraor
other reasons like specifics researches, which alo n
involved the trainees most of the time.

And finally, it is much better not to distributestfiles of

the records, and trainers must always keep a hand o
them. This is suggested for a legal point of viéav, a
self-esteem point of view, and also for the pedagig
point of view.
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