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Summary
For many years, stress has been shown by researchers to be 

both a source of performance and a source of cognitive disorders. 
Studies have shown how to measure some of those parameters 
identified to be closely associated with the occupational stressed 
state of subjects, involving heavy medical facilities requiring specific 
devices, and specific software for analysis. We have here elaborated 
a simple protocol requiring basic metrology and simple straight 
data analysis, qualified through specifics tests and showing a Yer-
kes & Dodson (1908) relationship between stress and performance. 
Application for reactor pilots and anesthetists training sessions on 
simulator has led to identify cognitive disorder zone during training 
and suggestions have been made for improvement. 

Materials and Methods
This study deals with a specific kind of mental stress, the short 

term occupational stress, versus performance of workers. On the 
contrary of sophisticated metrologies and elaborated software which 
need, thereafter, a careful data examination to be sure of the con-
clusions (Montano et al., 2009; Rohleder et al., 2009; Schubert et 
al. 2009; Bailon et al., 2010), we aim at a simple solution based on 
heart rate. Preliminary tests have shown that relevant parameters 
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(measured using a Polar FS2c) would be, for this kind of stress, 
the mean heart frequency (HRmean) and maximum heart frequency 
(HRmax) as shown before by others (see for example Schubert et 
al., 2009).

A Stress-test made up of 12 questions has been first used to qua-
lify the protocol and devices. It has been taken by French subjects 
(N=18; 50% male) healthy, same kind of academic background, 
about 25-35 yo, in two different conditions: No Stress and Stress 
Conditions (including stressful actions like the use of a clepsydra 
for time pressure). To elaborate the conditions, a 3-level qualitati-
ve scale (3-LQS) has been developed and applied based on work 
activity analysis, using stress variables within a 3-D source space 
(context, request or job demand (excluding context), subject’s cha-
racteristics) close to previous works (McLean, 1976; Karasek, 1990, 
1998) linked to a 3-D symptoms space (physiological, psychological, 
behavioral) as detailed in Fauquet-Alekhine (2011). The perception 
questionnaire of stress used for this experiment has been elabora-
ted earlier in order to obtain a quantitative measure of the level 
of distress experienced, tested by several including in its French 
form (see Jehel et al., 2005 and 2006).

After qualification of the protocol and device with the Stress-test, 
applications have been done to full scale simulation trainings for 
French nuclear reactor pilots (N>100) using the 3-LQS of stress, 
and anesthetist residents in a Paris district hospital (N=27) using 
the 3-LQS and physiological measurements.

Results
Using the 3-LQS of stress, two conditions of the Stress-test have 

been built up, No Stress and Stress Conditions, for which the fol-
lowing radar graphs show the obvious difference expected.

Analysis of measurements of heart rate HR (discrimination of 
conditions, modal analysis) and correlation with results of the per-

Fig. 1 a & b: the 3-LQS evaluation of the Stress-test conditions.
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ception questionnaire of stress (r=0.69, p<0.05) allow us to define 
a reduce coefficient of stress Ksr as : 

Ksr = HRmean . HRmax ampl where HRmax ampl = HRmax - HRmean . 
Plotting the performance coefficient of the Stress-test Kp vs Ksr 

gives a inverted U curve of Yerkes type with a correct discrimina-
tion of the stress conditions (R2=0.69).

Application of the 3-LQS for the French nuclear pilots training 
in order to evaluate the appropriateness of learning conditions have 
led to the assumption that some difficulties could occur at the end 
of the training cycle; independent analysis of the trainees results 
shows the same but further studies are needed to know the stress 
contribution.

Application of the 3-LQS for anesthetist residents’ training has 
detected stressful conditions. Application of the developed protocol 
(qualified with the Stress-test) gave the same result, showing that 
most of the subjects were in a cognitive disorder zone on a Kp vs 
Ksr graph of Yerkes type curve (see Fig. 3).

Comparison between both trainings, and analysis done for each, 
have led to suggest improvements for each profession. For anes-
thetists’ training, the main point is to make them familiarized with 
the simulator before the training session itself, with a progressive 
approach of the simulator in several steps distributed on several 
days, including the familiarization with observers whilst working on 
simulator. For the reactor pilots, the main point concerns the means 
available in terms of documents: procedures must be reviewed and 
ergonomic design must be obtained. For both professions, trainees 
must be able to perceive their knowledge and skills sufficient for 
the task: this implies to create or manage differently the previous 
steps of their training.

Fig. 2: performance coefficient Kp plotted vs reduced stress coefficient Ksr discriminates the No 
Stress Conditions (dark diamonds) and the Stress Conditions (clear scare).



86 15th European Conference on Developmental Psychology – ECDP

Conclusions
Demonstration is made for i) an effective 3-level qualitative scale 

able to rate stress conditions with regards of qualitative variables, 
ii) a simple protocol and device able to evaluate short term occu-
pational stress. Tests are successful and suggest a reduced stress 
coefficient Ksr as a relevant and accurate parameter for this kind 
of stress rating. The Yerkes and Dodson theory (1908) is matched. 
Application is done successfully with anesthetists’ trainees and com-
parison with reactor pilots’ training is done. For both professions, 
suggestions are made concerning the training improvement. Further 
applications are planned for both professions in the coming years.

References
BAILON, R.; MAINARDI, L.; ORINI, M.; SÖRNMO, L.; LAGUNA, P. Analysis 

of heart rate variability during exercise stress testing using respiratory 
information. Biomedical Signal Processing and Control, 5, 299-310, 2010

FAUQUET-ALEKHINE, Ph. Human or avatar: psychological dimensions 
on full scope, hybrid, and virtual reality simulators. Proceeding of the 
first congress Serious games & Simulation, Paris, France, in press, 2011

KARASEK, R.A.; THEORELL, R. Healthy work, Stress, Productivity and 
the Reconstruction of Working Life. New York: the Free Press-Basic 
books, 1990

KARASEK, R.; BRISSON, C.; KAWAKAMI, N.; HOUTMAN, I.; BONGERS, P.; 
AMICK, B. The Job Content Questionnaire (JCQ) : an instrument for 
internationally comparative assessment of psychosocial job characte-
ristics. J Occup Healtrh Psychol., 3, 322-55, 1998

JEHEL, L.; BRUNET, A.; PATERNITI, S.; GUELFI, J. Validation de la version 

Fig. 3: performance coefficient Kp plotted vs the reduced stress coefficient Ksr in case of 
anesthetists’ full scale simulator training.



87Bergen, Norway, August 23-27, 2011

française de l’inventaire de détresse péritraumatique. Can J Psychiatry, 
50, 1, 67-71, 2005

JEHEL, L.; PATERNITI, S.; BRUNET, A.; LOUVILLE, P.; GUELFI, J. L’inten-
sité de la détresse péritraumatique prédit la survenue des symptômes 
post-traumatiques parmi des victimes d’agressions. L’Encéphale, 1, 32, 
953-956, 2006

MCLEAN, A. Concepts of occupational stress, in A. MCLEAN (eds) Occu-
pational Stress; Springfield, Illinois: Thomas, 1974

MONTANO, N.; PORTA, A; COGLIATI, Ch.; COSTANTINO, G.; TOBALDINI, 
E.; RABELLO Casali, K.; IELLAMO, F. Heart rate variability explored 
in the frequency domain: A tool to investigate the link between heart 
and behavior. Neuroscience and Biobehavioral Reviews, 33, 71-80, 2009

ROHLEDER, N.; NATER, U. Determinants of salivary a-amylase in humans 
and methodological considerations. Psychoneuroendocrinology, 34, 469-
485, 2009

SCHUBERT, C.; LAMBERTZ, M.; NELESEN, RA.; BARDWELL, W.; CHOI, 
JB.; DIMSDALE, JE.  Effects of stress on heart rate complexity—A 
comparison between short-term and chronic stress. Biological Psycho-
logy. 80. 325–332, 2009

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




