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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
Ksr

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.

30,0%

8 20,0%
10,0%
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.

12,0%
10;0%
‘O
B 8,0%
2 'S
(%]
0 60
[J] o,0%
Q
S ‘/’
o 4,0%
() /
b
=}
= 2,0%
o
f 0,0% T T 1
-100,0% -50,0% 0,0% 50,0% 100,0%
2,0%
relative stress balance

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

References

Bailon, R.; Mainardi, L.; Orini, M.; Sérnmo, L.; gana,
P. (2010) Analysis of heart rate variability during
exercise stress testing using respiratory inforomati
Biomedical Signal Processing and Contre] 299-310

Bridger, RS.; Brasher, K.; Kilminster, SAD. (20119b
stressors in naval personnel serving on ships and i
personnel serving ashore over a twelve month period
Applied Ergonomics42, 710-718

Broadhurst, P. L. (1957) Emotionality and the Yesrk
Dodson lawJournal of Experimental Psychology4,
345-352

Cohen, S.; Kamarck, T.; Mermelstein, R. (1983) A
global measure of perceived stre3surnal of Health
and Social Behavigr24, 385-396

Fauquet-Alekhine, Ph. (2011) Human or avatar:
psychological dimensions on full scope, hybrid, and
virtual reality simulatorsProceedings of the Serious

Games & Simulation WorkshpopParis, 22-36,
http//hayka-kultura.com/larsen.html
Fauquet-Alekhine, Ph. (2012a) Behavior as a

consequence to fully describe short term occupation
stress.Proceeding 1% Annual International "Stress
and Behavior" Neuroscience and Biopsychiatry
ConferenceMay 16-19, 2012, St. Petersburg, Russia,
31

Fauquet-Alekhine, Ph. (2012b) Causes and
consequences: two dimensional spaces to fully
describe short term occupational strelss.Fauquet-
Alekhine, Ph. (edspocio-Organizational Factors for
Safe Nuclear OperatignMontagret: Larsen Science
Ed., 1, 45-52
http//hayka-kultura.com/larsen.html

Fauquet-Alekhine, Ph.; Frémaux, L.; Geeraerts, Th.
(2011) Cognitive disorder and professional
development by training: comparison of simulator
sessions for anaesthetists and for nuclear repitds.
Proceedings of the the XVe European Conf. on
Developmental Psychology Pianoro  (ltalia):
Medimond Srl., 83-87

Hancock, P. A., Szalma, J.L., & Weaver, J.L. (2008¢
distortion of perceptual space-time understresd) Do
Multidisciplinary Research Program: MURI Operator
Performance Under Stress(OPU®Jhite Paper

Karasek, R.A.; Theorell, R. (1996)ealthy work, Stress,
Productivity and the Reconstruction of Working Life
New York: the Free Press-Basic books, 398p

Karasek, R.; Brisson, C.; Kawakami, N.; Houtman, I.
Bongers, P.; Amick, B. (1998) The Job Content
Questionnaire (JCQ) : an instrument for internatliiyn

43



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

comparative assessment of psychosocial job
characteristics]. Occup. Health Psychol3, 322-55

Kilminster, S.; Bridger, R.S. (200Nlodified work and
Well-Being Questionnaire for Cohort Study of Stiass
the Naval Service: Psychometric Validation
Unpublished MoD Report.

Jehel, L.; Brunet, A.; Paterniti, S.; Guelfi, J.0(®)
Validation de la version francaise de l'inventade
détresse péritraumatiqu€an J Psychiatry50, 1, 67-
71

Jehel, L.; Paterniti, S.; Brunet, A.; Louville, Bsuelfi, J.
(2006) L'intensité de la détresse péritraumatigrézlip
la survenue des symptdmes post-traumatiques parmi
des victimes d’agressions.’Encéphale 1, 32, 953-
956

Mathewson, KJ ; Jetha, MK ; Drmic, IE ; Bryson, SE
Goldberg, JO ; Hall, GB ; Santesso, DL ; Segalowitz
SJ ; Schmidt, LA. (2010). Autonomic predictors of
Stroop performance in young and middle-aged adults.
International Journal of Psychophysiolagy6. 123-
129

Mclean, A. (1974) Concepts of occupational stresg).
Mclean (eds) Occupational Stress Springfield,
lllinois: Thomas, (111p) 3-14

Montano, N.; Porta, A; Cogliati, Ch.; Costantinda,;
Tobaldini, E.; Rabello Casali, K.; lellamo, F. (2)0
Heart rate variability explored in the frequency
domain: A tool to investigate the link between hear
and behavior. Neuroscience and Biobehavioral
Reviews33, 71-80,

Rohleder, N.; Nater, U. (2009) Determinants of\ealy
a-amylase in humans and methodological
considerations.Psychoneuroendocrinology34, 469-
485

Schubert, C.; Lambertz, M.; Nelesen, RA.; Bardwell,
W.; Choi, JB.; Dimsdale, JE. (2009) Effects okst
on heart rate complexity—A comparison between
short-term and chronic stresBiological Psychology
80. 325-332

Spielberger, C.D.; Gorsuch, R.L. (198@anual for the
State-Trait Anxiety InventoryPalo Alto (California):
Consulting Psychologists Press Inc, 42p

Staal, M. (2004) Stress, Cognition, and Human
Performance: A Literature Review and Conceptual
Framework. NASA report, reference: NASA/TM—
2004-212824, 177p

Yerkes, RM.; Dodson, JD. (1908) The relation of
strength of stimulus to rapidity of habit-formation
Journal of Comparative Neurology and Psychology
18, 459-482

44



