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Objective: As the world’s most dangerous profession, sea fishing enables discussion of
the concept of resilience and its articulation to the notion of safety in complex systems.
Background: In the small, emerging community working on this concept, the prevail-
ing idea to improve safety is that resilience must be reinjected into the know-how of com-
plex systems. Method: Thirty-four male skippers, divided into two groups, took part
in an interactive simulation of a fishing campaign. They had to make decisions in sit-
uations of trade-off between safety and production goals. Results: From the time they
left the harbor, the fishermen never gave up on fishing, even in extreme conditions, and
regardless of whether or not the catch was good. Not being suicidal, however, they used
multiple expert strategies to reduce risk without giving up on their fishing activity. Con-
clusion: Systems run by craftspeople are very resilient because they rely on a high level
of adaptability, based on the actors’ expertise, linked to an exposure to frequent and con-
siderable risk. Each actor is responsible for his or her own safety. The final discussion
bears on the question of knowing whether or not it is possible to design a safe system
while preserving its craftsmanship and therefore its native resilience. Application: The
results of these studies suggest potential adverse effects of classic safety interventions
in complex sociotechnical systems either in terms of professional reluctance to accept
new recommendations or through the emergence of new sources of risk.

INTRODUCTION

Initially, the concept of resilience belonged to
the physical sciences. Resilience is a body’s abil-
ity to withstand pressure and recover its initial
structure after an alteration of its shape. American
psychiatrists specializing in the treatment of small
children were the first to adapt the concept to de-
scribe an individual’s ability to live, succeed, and
develop in spite of adverse circumstances. From
this point of view, resilience is “the art of navigat-
ing the rapids” (Cyrulnik, 2001, p. 223). Quite re-
cently, the notion of resilience has been extended
to research on the reliability and safety of complex
systems (Hollnagel, Woods, & Leveson, 2006).

The present research is situated in this context.
This paper is an interrogation on the articulation
and the difference between the concepts of resil-
ience and safety. It is divided into three parts. The

first is an analysis of the theoretical framework
linking the concepts of resilience and safety; the
second, a study, through observation and experi-
mental situations, of the relationship between re-
silience and safety in conditions of extreme risk
using the example of professional sea fishing. The
third is a discussion of the results of professional
fishing and a general application of the concepts,
through an understanding of the link between
resilience and safety. The conclusion opens new
avenues of research to refine the model and im-
prove the safety of complex systems.

THE EMERGENCE OF THE CONCEPT
OF RESILIENCE

Complex sociotechnical systems (e.g., trans-
portation, energy, medicine) require safety mea-
sures. Over the past 30 years, cognitive ergonomics
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has provided many description frameworks. The
earliest efforts focused on the reliability of the hu-
man factor and the suppression of human error
(e.g., the technique for human error rate predic-
tion: Swain, 1964). The total eradication of human
error was quickly abandoned as an objective (be-
ing unrealistic from a simple theoretical view-
point), and safety naturally evolved toward a more
systemic perspective (Rasmussen, 1986; Reason,
1990). In parallel, and in Rasmussen’s (1986) foot-
steps, Hollnagel and Woods (1983) and Woods
(1987) focused on the conditions of a better human-
machine cooperation in which a system’s risks
would be perceived through its interaction dynam-
ics, rather than through the risk of failure of sin-
gle components within the system — the machine
on one hand, the human on the other (the concept
of joint cognitive systems).

Starting in the 1990s, a large community of re-
searchers began working along these lines, in a
trend notable for three strong points: an interest in
complex dynamic situations (aeronautics, railways,
nuclear plants, metallurgy, military situations); an
interest in fieldwork and the safety decisions actu-
ally made by operators (naturalistic decision mak-
ing: Klein & Zsambok, 1997; ecological safety:
Amalberti, 2001a; Hoc & Amalberti, 2007); and an
interest in limiting the traps or surprises that could
arise from ill-designed automation (Billings, 1997
Woods, Johannsen, Cook, & Sarter, 1994).

The concept of resilience is a natural offspring
of these original approaches, all focused on the
control of safety in complex dynamic systems in
the real world. The concept relates to relevant ac-
tions or strategies situated in three temporal hori-
zons, of which the first is to imagine the catastrophe
before it takes place. The example of Hurricane
Katrina (New Orleans, August 29, 2005; Westrum,
2006) revealed that the potential for this catastro-
phe was known and even subjected to analysis
through simulations of the events that could occur.
Unfortunately this information was not acted up-
on — hence the poor response.

The second temporal horizon is to adapt to a
critical situation and produce reasonable solutions
inreal time (Three Mile Island or Chernobyl in the
nuclear industry, as examples of poor resilience,
vs. instances of good resilience, such as the suc-
cessful Israeli medical response to bus bombing;
Cook & O’Connor, 2005). The third is to manage
the fallout from the accident, to the point of decid-
ing a company’s success or failure — for example,

the good resilience of the Concorde owners after
the Paris crash of July 25, 2000 (Amalberti, 2006)
versus the bad resilience of many companies for
which one accident contributed to bankruptcy
(TWA, Swissair).

Resilience provides full and adequate answers
to these three levels because it allows operators to
anticipate the unexpected so as to avoid it, to man-
age it when it does happen, and to survive the
fallout after it has happened, in terms of reputa-
tion, image, and legal penalties (see, e.g., Wreath-
all’s, 2006, definitions).

In other words, resilience could be described as
a system’s ability to resist a wide variety of de-
mands from its whole domain of operation. The
wider and better controlled the open performance
domain is, the higher the level of resilience. This
performance domain is continuously moving and
expanding, either (a) occasionally, in reaction to
an exceptional situation, or, more often, (b) as a
result of a gradual opening associated with better
personal and in-service experience. This last point
brings the discussion back to the pivotal question
of trade-off between safety and performance.
Often, the advantages of increasing production
are immediately perceived and the domain opens
out, whereas the associated risk taking implies
only drawbacks for safety at a later point in time.
The proper resilience adjustment for a system
caught in this voluntary or tacit increase in risk
taking, with a view to immediate profits, has be-
come a core topic for the study of resilience (Flin,
2006; Woods, 2006a).

Flin (2006) reported that earlier accounts of air
or rail disasters revealed an erosion of manager-
ial resilience. She considered the resilience of
middle-level managers as a vital component of or-
ganizational safety. She also considered three
kinds of skills that characterize managerial resil-
ience in relation to safety: (a) diagnosis (the abili-
ty to detect the signs of an operational drift toward
a safety boundary); (b) decision making (the abil-
ity to choose the appropriate action to reduce the
diagnosed level of threat to personnel or equip-
ment); and (c) assertiveness (the ability to per-
suade other members of staff that production has
to be halted or costs sacrificed).

As can be seen, resilience is related to the
capacity for recognizing the problem and making
a safe decision in adverse conditions, possibly giv-
ing up the potential benefits. The problem is that
the arbitration is often not that simple. The joint
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system made by humans and situations is also a
matter of available cognitive capacities (whether
they are natural or artificial). The feeling of danger
fundamentally depends on these joint capacities
and their reflexive perception by actors. Hence,
another reading of resilience could consider the
range of controllable situations as a matter of a
natural expansion of expertise and thus determine
that a more resilient system is a more knowledge-
able system capable of maintaining safety and
gains, neither of which excludes the other, in a
larger range of situations.

Bad resilience could then be considered as the
result of a triple force: poorly developed extended
competencies, poor or incorrect reflexivity (meta-
cognition), and last, but not least, difficulty in
giving up when facing the boundaries of control-
lable area.

Woods (2005, 2006a) introduced the concept
of “sacrificial decisions” to characterize this com-
plex safety/performance conflict management and
gave the Colombia accident as a most relevant ex-
ample (Woods, 2005). The National Aeronautics
and Space Agency had a culture of success, and
its staff was used to performing in challenging
conditions regarding both time frames and fi-
nances; for reasons of national pride and prestige,
there was a great deal of pressure to turn in an im-
mediate success. The trade-off thus naturally
leaned toward risk taking, a risk which was more-
over judged to be acceptable and controllable, con-
sidering the institution’s know-how. The same
ideas had already been clearly set out a few years
earlier, in a study on risk taking in surgery, in the
field of laparoscopy (Dominguez, Flach, McDer-
mott, McKellar, & Dunn, 2004). Surgeons contin-
ually assess whether the patient’s best interests
might be served by converting a laparoscopic case
to an open-incision one.

This trade-off is quite fundamental and has al-
ways plagued discussions of safety — the safest
aircraft never flies, the safest anesthesia is never
given — so that all operators in risky domains must
find and adjust the balance between acute “faster-
better-cheaper” goals (or the tactics that will help
to achieve these goals) and chronic goals such as
safety.

However, outside of the small circle of those
who promote the concept, the questions (and per-
haps the confusions) around the emerging notion
of resilience are still widespread. It is not easy to
grasp what it really represents.

For many professionals and scientists, the word
resilience is only the fashionable “emperor’s new
clothes” of research on work-related safety, after
the vogue in recent years of notions such as work-
load and situation awareness. In this line of
thought, the notion of resilience is sometimes as-
sociated with any action designed to improve a
system’s safety: The safer the system, the more it
is said to be resilient. Others imagine that the con-
cept describes an “extra coat” paving the way to
ultrasafety — a safety know-how that, once ac-
quired, would complete, through specific new
rules, a conventional safety plan that is already
based on the usual restrictions, mandatory equip-
ment, rules, and control protocols. The reality is
probably more complex and also more of a para-
dox (Amalberti, 2001b, 2006).

If the notion of resilience refers to the ability to
recognize, adapt to, and handle unanticipated per-
turbations (this would imply that resilience is con-
cerned with monitoring the boundary conditions
of the current model of competence; Woods,
2006a, p. 19), it can be postulated that the profes-
sions and practices most often exposed to such sit-
uations have acquired know-how in how to survive
them and are, consequently, particularly resilient
professions.

This opens the greatest paradox of all: The ac-
tivities and professions most frequently exposed
to unexpected, critical, unbalancing situations are
those in which the greatest risks are taken. For in-
stance, the best mountain climbers are known for
their ability to survive in exceptional and perilous
situations; each climb into the Himalayas is a
source of surprises. However, mountain climbing
in the Himalayas is the world’s most dangerous
sport, with a fatality rate close to 1 death out of
10 ascents.

This shows that the relationship between resil-
ience and safety is much more complex than a sim-
ple, cumulative way of improving safety. To test
this relationship even more explicitly, we will now
analyze the behavior of a high-risk profession —
sea fishing — and attempt to understand and model
the safety management and resilience of this activ-
ity. Seafaring in general is a domain known for its
harsh working conditions (conditions at sea, con-
dition of the ships, economic competition, etc.).
Eighty percent or more of major marine accidents
are caused by human error or organizational error
(Hetherington, Flin, & Mearns, 2006).

Perrow (1999) stressed the fact that the human
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factor has always been preeminent aboard ships,
whatever their size and complexity, and that ship
captains are faced, more than most deciders, with
the problem of having to choose between safety
and performance criteria. Perrow (1999) brought
up the accident of the Torrey Canyon (the first of
the big supertankers, capable of carrying a cargo
of 120,000 tons of crude oil), which wrecked off
the western coast of Cornwall in 1967 and caused
an environmental disaster because the captain, for
the sake of saving 6 hr, decided to take a direct
route through the Isles of Scilly.

In seafaring, the trade-off between production
and safety is all the more difficult because it occurs
within a highly demanding context characterized
by fatigue, extreme weather conditions, and stress.
All these conditions are more extreme in the
sea-fishing industry, which represents a genuine
textbook case for the study of resilience, and of
trade-offs between safety and performance.

THE SOCIOTECHNICAL SYSTEM OF THE
SEA-FISHING INDUSTRY

Characteristics of the Sea-Fishing System

The model studied here is that of professional
sea fishing. In this paper, we will focus on deep-sea
fishing as practiced by 20- to 24-m trawlers (usu-
ally with a crew of five, for fishing tours of 4-14
days). This choice is justified by recent studies
(Morel, 2005, 2007) showing that this fleet is high-
ly accident prone. The main risk factors identified
are intensive work rhythms, a hostile and chang-
ing environment, and the exposure of the crew to
critical risks specifically linked to the trawling
activity (handling the fishing equipment, hooking
the fishing equipment onto the seabed, etc.).

A paradoxical system. The sea-fishing system,
as is typical of craft-style activities, is character-
ized by a major paradox that has been pointed out
by previous studies on the subject (Morel, 2006;
Morel & Chauvin, 2006): This system is highly
regulated and yet is unable to achieve a high safe-
ty level. Morel (2006) explained that this paradox
is the consequence of regulations aimed at pre-
serving the resource rather than ensuring the safe-
ty of the people exploiting it. Furthermore, the
international conventions dealing with fishing
safety are not applicable to vessels less than 24 m
in length, and yet these make up 99% of the fish-
ing fleet worldwide. Finally, the sailors’ safety

depends for the greatest part on the decisions made
at sea, on board, by the fishing skippers.

A system that is objectively unsafe, economi-
cally fragile, and technically efficient. Sea fishing
is a difficult profession, but the fishers’ income has
been maintained at a fairly high level, giving them
(in France and the rest of Europe) an enviable
social position in small ports, where employment
in other fields is often precarious. In the deep-sea-
fishing category, the vessels are often technolog-
ically sophisticated and equipped with advanced
electronics; fishing over the season is aligned on
the maximum authorized quotas.

In short, sea fishers live fairly well. However,
their standard of living is critically dependent on
the authorized fishing quotas, and their standard
of safety is very low.

Sea fishing is the world’s most dangerous occu-
pation (International Labour Office, 1999; Kaplan
& Kite-Powell, 2000; Marine Accidents Investiga-
tion Branch, 1995; Wang, Pillay, Kwon, Wall, &
Loughran, 2005). The risks incurred by sea fishers
include many different types of injury (falling over-
board; being cut, burned, or crushed, etc.), which
can cause major damage and even be fatal. In
France, in the year 2000, the frequency of work-
related injuries in “ordinary” professions was 44
per 1,000 workers; among sea fishers, the rate was
143 injuries per 1,000 workers (Chauvin & Le
Bouar, 2007). Moreover, the rate of fatalities is
much higher in this industry than in any other sec-
tor of activity. The figures for the year 2000 were
100 fatalities a year per 100,000 sailors, as op-
posed to 15 per 100,000 in the building trade indus-
try (considered to be a high-risk sector) and 5 per
100,000 in other fields. These findings are not lim-
ited to France (Food and Agriculture Organiza-
tion, 2001).

The few formal safety rules in this industry
primarily involve steering and right-of-way reg-
ulations (with a privilege granted to vessels in the
process of fishing), mandatory training, the pres-
ence of on-board technical devices, and technical
rules applied to the vessels. Good practices and
safety recommendations, brought up in interviews
with professionals and insurers, are more numer-
ous: the safety lines tying the fishermen to the
vessel, the wearing of safety equipment, the safe
positions of the crew on deck, the limits put on the
fishing effort according to the state of the sea and
the weather, the correct behavior over certain types
of seabed (limiting or avoiding hooking onto the
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seabed with the fishing gear), the correct behavior
of the man in the wheelhouse on watch (normally,
a crew member is always on the bridge as a look-
out and to manage anticollision activities), and so
forth.

SIMULATION OBSERVATIONS

The objective of this experimental phase is to
study the fishing skippers’ decision-making process
by placing them in (simulated) situations of con-
flict between production and safety. The study is
based on a previous cognitive work analysis, which
provides the basis for setting up the events of the
simulated fishing campaign and for understanding
the responses and judgments of the participating
skippers. The scaled world study creates conditions
for focused observations directly on the phenome-
na of interest. The study focuses on the phenom-
ena through the addition of contrasting conditions
of observation over the two scenarios. Thus the
paper executes the now-classic methodology for a
research program directed at naturalistic cognitive
behavior (Woods & Hollnagel, 2006).

Method

Simulation of a fishing tour through scenarios.
The method we developed consisted of simulat-
ing a fishing tour through written scenarios, to
which we associated data (the determinants of the
decision-making process on the bridge) that could
be consulted on request by the fishing skippers as
they went through the experimental situation. To
study the decision-making process of military su-
pervisors, Zohar and Luria (2004) also used sce-
narios in situations of conflict between safety and

strategic objectives. Adie et al. (2005) used a forced
choice decision paradigm with conjoint analysis
to study the weighing of factors relating to ac-
cident risk perception by commercial deep-sea
divers. The withheld information paradigm was
previously used by Marshall, Duncan, and Baker
(1981) to examine the problem-solving processes
of nuclear plant operators.

We chose this method because it would have
been extremely difficult and costly to study the
decision-making process of fishing skippers di-
rectly on board, in real situations. The volume of
the catch and weather conditions are not parame-
ters that can be controlled. Simulations have two
great advantages: they are easily implemented and
easily accessible to fishermen.

Construction of the simulation. The fishing tour
simulation was constructed from two sources. The
first consisted of data gathered during a 14-day
period spent aboard a 22-m deep-sea trawler. An
analysis of the fishing skipper’s activity on the
bridge made it possible to extract the determinants
of the decision-making process (see Table 1) and
to show that sea fishers operate as a network
(Chauvin, Morel, & Tirilly, in press). The infor-
mation they exchange between themselves (quan-
tities of catch at a particular fishing zone, location
of vessels, characteristics of the latest fishing day)
and the information they receive from the shore
(weather conditions, current price of fish) are
strong determinants of their decisions. Damage
to the fishing gear is also an important determi-
nant, as these incidents generally require a high
level of involvement from the crew to undertake
maintenance.

The second source was information gathered

TABLE 1: Determinants of the Decision-Making Process

Type of Information Determinants

Information the skippers
receive from the shore

Information exchanged
between the skippers

The weather forecast for the next 24 hr; the current price of prawn (the
day’s selling price); the current price of fish (the day’s selling price)

The geographical location of colleagues at sea; the quantities of catch
over the last 5 hauls of the trawl (latest day of fishing); faxes received

from colleagues at sea (information exchanged about the quantities
caught by these colleagues)

Information directly linked
to the fishing activity

Permanent information
throughout the fishing
tour

The quantities of catch since the beginning of the fishing tour; breakdowns
or damage to the fishing gear

The price of diesel fuel; information related to the last fishing tour; fixed
expenses (diesel fuel, supplies, ice, engine oil, employer contributions)
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from expert fishing skippers. These exchanges
made it possible to adjust the data extracted from
the period spent aboard and to arrive at a formal
design for arealistic simulation, recreating the pro-
fessional context in which the fishing skippers are
required to make decisions.

The simulation took the shape of a realistic sce-
nario, reproducing the typical pattern of a 14-day
fishing tour in three highly frequented fishing zones
in the South Ireland waters: Jones Bank, Labadie,
and Small (see Table 2).

Choice of two contrasted scenarios. To enable
the participants to make decisions in situations
when production (quantities of catch) and safety
(weather conditions) are in conflict, two contrast-
ed scenarios were developed: SC1 involved very
satisfying production returns and steadily worsen-
ing weather conditions during the entire fishing
tour, and SC2 involved production returns below
the vessel’s cost-effectiveness threshold (in which
the crew’s wages are not guaranteed) and steadi-
ly worsening weather conditions during the entire
fishing tour (identical to SC1).

SC1 and SC2 were designed so that the partic-
ipants would make four decisions at specific stages
of the fishing tour:

D = 0: leaving harbor, with the vessel situated near
the Ouessant sea lane (SC*.0);

D =2: at the end of the 2nd day of fishing, with
vessel situated on the Jones Bank (SC*.1);

TABLE 2: Characteristics of Fishing Zones

D = 6: at the end of the 6th day of fishing, with
the vessel in the Labadie zone (SC*.2);
and

D =10: atthe end of the 10th day of fishing, with
the vessel on the Small Bank (SC*.3).

At each of these four stages (SC*.0, SC*.1,
SC*.2, and SC*.3) we assigned a given safety lev-
el directly linked to weather conditions. Both sce-
narios called for a similar, gradual worsening of
weather conditions, reaching the limits of safety in
SC*.3. The definitions of the different safety lev-
els were made by expert fishing skippers, so as to
avoid any floor effect (see Table 3).

At each stage of the scenario, the participants
could choose from among the following actions:
(a) continue operations in the same fishing zone,
(b) leave the fishing zone for another, (c) tempo-
rarily suspend the fishing activity, (d) return to
harbor, or (e) other. For each of the four decisions,
the participants had to justify their choice by
completing the phrase “you made this decision
because” with (a) “you felt you could handle the
situation,” (b) “the situation was becoming too dan-
gerous for the crew,” (c) “the situation was becom-
ing too dangerous for the fishing gear,” (d) “you
felt you must bring in more catch,” (e) “you were
satisfied with your catch,” or (e) “other (define).”

Table 4 presents the structure of the scenarios.

The participants. Thirty-four fishing skippers
(all males) aged 27 to 52 years (average = 37.8

Value/Ton Characteristics
Main Species Diversity*  of Catch®  Geographical Location of the Water Site
Jones
Large prawn, +++ +++++ Most southerly position; 3 Strong swell in bad
monkfish, cod, hr from Labadie, 8 hr from weather. No prawn if
hake, dab Small,12 hr from Ouessant the swell is too great.
Labadie
Large prawn, ++ ++++ Central position; 3 hr from Same as Jones
monkfish, dab Jones, 5 hr from Small, 15
hr from Ouessant
Small
Small prawn, plaice, +++++ ++ Most northerly position; 5 More sheltered than

hr from Labadie, 8 hr from
Jones, 20 hr from Ouessant

Jones and Labadie
in bad weather. The
swell is less strong.

carrelet, small
whiting, skate,
monkfish, various

30n a scale of + (least diverse) to +++++ (most diverse). I°On a scale of + (least value) to +++++ (most value).
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TABLE 3: Safety Levels Drawn Up by Expert Skippers
Safety (1) Safety (2) Safety (3) Safety (4) Safety (5)
Wind force (bf) <3 3to 4 4to 6 6to8 >8
Visibility (NM) >10 >10 3<V<10 <3 0
Condition of the sea Calm to Slight Slight to Moderate Rough to
slight moderate to rough very rough
Height of swell (m) 0 Slight waves 2to 3 3to4 >4
Actions recommended Fishing Fishing Fishing Momentary =~ Momentary
by expert fishing action action action interruption  interruption
skippers or take or return to
shelter harbor

Note. bf = Beaufort Scale. NM = nautical miles.

years, SD = 6.65 years) were selected. All of the
participants were in command of 22-m deep-sea
trawlers operating in the southern Ireland waters.
The participants were equally divided between
groups SC1 and SC2.

Procedure. The experiment took place in a
Breton fishing company. The participants of both
groups (SC1 and SC2) went through the simula-
tion in turn, independently. In making their deci-
sions, the participants could access the following
information: (a) the data contained in the written
instructions for each phase of the scenario (SC*.0,
SC*.1,SC*.2, SC*.3): the quantities of catch since
the beginning of the fishing tour, the geographical
location of the vessel, and the stage of the fishing
tour under consideration; and (b) data they could
consult freely on a graphic interface developed in
JAVA®. This interface was composed of interac-
tive windows (see Figure 1), each corresponding
to a determinant in the decision-making process
(as identified during the time spent aboard a ves-
sel and adjusted to the experiment’s context with
the assistance of expert fishing skippers; see Ta-
ble 1).

By clicking on a heading, the participant opened

TABLE 4: Structure of the Scenarios

a window containing the information. To look up
other information, he could close the window and
click on another heading. Every mouse click made
by the participants was saved in a text file. At the
end of the experiment, the file thus generated al-
lowed us to trace all the participants’ data requests
as well as the order of these requests.

Each participant went through a training phase,
in order to ensure optimal use of the graphic in-
terface during the simulation. Moreover, to avoid
an “apprenticeship effect” when information was
requested through the graphic interface, we pro-
grammed a random presentation of the headings
on the screen each time a sequence was opened
(i.e., in SC*.0, SC*.1, SC*.2, and SC*.3).

Once the simulation was over, the participants
were asked to give a hierarchy of the determi-
nants of the decision-making process (the deter-
minants presented on the graphic interface) by
order of importance. We compared their answers
with the information consulted on the graphic in-
terface. Last, a debriefing period with the parti-
cipants provided us with additional elements to
define the safety model and type of resilience char-
acterizing this system.

SC2: Production Level

Safety Levels Applied
(Weather Conditions)

SC1: High Below Vessel's Cost At the Forecast for

Production Level Effectiveness Threshold Moment the Next 24 hr
SC*.0 Decision SC1.0 Decision SC2.0 Safety (1) Safety (2)
SC*.1 Decision SC1.1 Decision SC2.1 Safety (2) Safety (3)
SC*.2 Decision SC1.2 Decision SC2.2 Safety (3) Safety (4)
SC*.3 Decision SC1.3 Decision SC2.3 Safety (5) Safety (5)
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Information consulted. The most important de-
terminants of the decision-making process were
faxes from colleagues, location of colleagues at
sea, quantities of catch over the latest day of fish-
ing, and weather reports. Table 5 shows that in
SC*.0, 91% of participants made their decisions
by combining only three determinants: faxes from
colleagues and/or location of colleagues and/or
weather reports. In SC*.1, 91% of participants
made their decisions by combining the same three
determinants and adding a fourth: quantities of
catch over the latest day of fishing. However, 41%
considered only the initial combination of deter-
minants observed in SC*.0.

In SC*.2, 82% of participants were still con-
sidering only the combination of four determi-
nants observed in SC*.1. In SC*.3, the participants
called up new decision-making determinants
(though still associated with the four previously

fish, fixed expenses, and damage to the fishing
gear. At this point in the scenario, the fishing tour
was drawing to a close. Overall, the participants
took into consideration the new determinants that
generally enabled them to optimize the upcoming
sale of their catch.

Table 5 also shows data on the consultation of
the weather report determinant. We found that this
determinant was not systematically taken into ac-
count for the first three decisions, but it remained
very frequently consulted in SC*.3 (during fishing
in extreme conditions). Moreover, the hierarchy of
determinants defined by the participants is very
homogenous and reveals that the weather report
occupied only the fifth place, after faxes from col-
leagues (first place), quantities of catch since the
beginning of the tour (second place), location of
colleagues (third place), and quantities of catch
over the latest day of fishing (fourth place).

Decisions in favor of maximum performance.
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Figure 2 presents the structure of decisions made
at four key stages in the scenario: at Ouessant
(SC*.0), Jones (SC*.1), Labadie (SC*.2), and
Small (SC*.3). Each of these key stages represents
a decision-making junction, characterized by the
response modalities defined in the scenario. At
each of these junctions, the expected gains and
losses were estimated, enabling us to link the deci-
sion with the expected performance. Overall, it
can be noted that the fishing skippers of the two
groups (SC1 and SC2) tended to opt for the deci-
sion from which they expected the highest gains.
The “suspend the fishing activity” and “return to
harbor” modalities were never considered (except
by a single fishing skipper in SC*.3).

Decisions made in extreme fishing conditions
(SC*.3). Contrary to the results we expected, the
fishing skippers in Group SC1 did not stop fishing
but, rather, adopted a strategy aimed at maximum
performance. Of the 34 skippers in both groups,
25 chose to leave a fishing zone because they hoped
to increase their catch, and 8 decided to seek shel-
ter, not so much because of rough weather as be-
cause of the risk of not catching anything more in
Jones and Labadie (a heavy swell makes it difficult
to catch species such as prawn). Their sheltering
from bad weather was in fact a strategy designed
to optimize production. Only 1 fishing skipper (in
Group SC1) made the decision to return to port, not
because of the weather but to optimize the sale of
his catch (fewer vessels at an auction means a bet-
ter price for the fish). Of the 25 fishing skippers
who changed fishing zones, 23 went to Jones (52%
in SC1, 48% in SC2) because they expected siz-
able profits from the move.

Asin SC*.0 and SC*.2, both groups (SC1 and
SC2) behaved in a similar manner concerning the
decision to change or not change their fishing zone.
Figure 3 reveals that a great majority of fishing
skippers decided to change fishing zone rather than
remain in the same zone, %*(1, N = 33) = 13.36,
p < .01. This decision was motivated by production
objectives, as the reason given by 82% of fishing
skippers was to fish more, %*(1, N = 34) = 14.24,
p <.01. Finally, within this simulation, the sea fish-
ermen never gave up on fishing, even in conditions
beyond the safety limits, whether or not they had
had a good catch since the beginning of the tour.

Ecological validity of the simulation. Several
studies (e.g., in the field of automobile driving;
Godley, Triggs, & Fields, 2002; Hoyes, Dorn, Des-
mond, & Taylor, 1996; Térnros, 1998) have shown

that participants tend to take more risks in simu-
lated situations than in real life. To reduce this ef-
fect, we constructed the simulation according to
on-site observations during fishing tours and with
the assistance of expert skippers. As a result, the
scenarios were very realistic. Moreover, the ves-
sel activity log drawn up from elements from fish-
eries during the last year (the very low number of
vessels coming back to port in very bad weather
conditions) confirms the risk-taking level ob-
served in the simulation.

DEBRIEFING PHASE
Method

Participants. Following the decision made in
SC*.3, we debriefed 8 of the 34 participants; of
these, 6 had decided to go to Jones, 1 decided to go
to Small, and 1 decided to return to port. We did
not go beyond the N = 8 participants interviewed
because the information gathered was very homog-
enous.

Material. We used a questionnaire based on the
theory of planned behavior (Ajzen, 1991, 2002)
and which elaborated on the model of the one de-
veloped for vessel navigation by Chauvin, Letir-
and, and Delhomme (2007). This questionnaire
included three types of questions:

¢ Dbehavioral beliefs: Q1.1 “according to you, what
are the advantages of (Option 1/Option 2)?”; Q1.2:
“according to you, what are the disadvantages of
(Option 1/Option 2)?”;

e normative beliefs: Q2.1: “according to you, who
would approve your decision to... ?”’; Q2.2: “accord-
ing to you, who would disapprove your decision
to...?”; Q2.3: “according to you, who would make
the same decision?”’; Q2.4: “according to you, who
would not make the same decision?”’; and

*  control beliefs: Q3.1: “according to you, what led you
to make this decision?”’; Q3.2: “according to you,
what could keep you from making this decision?”

The two options under consideration were the
decision in SC*.3 (Option 1) and going back to port
(Option 2).

Procedure. The questionnaire was successive-
ly filled out by the 8 participants in the presence
of the experimenter. This face-to-face meeting
opened the way for numerous open exchanges be-
tween the two parties.

Results

Implementing expert risk reduction strategies.
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Figure 2. Structure of decisions at each of the four key points.
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Figure 3. Choices and motivations of the decision in SC*.3.

Fishing skippers are assumed to be rational, non-
suicidal people. Consequently, if they continue
fishing in conditions well beyond the safety lim-
its, it is only possible through a high level of ex-
pertise on the part of the skipper, associated with
the use of risk-reducing strategies. The most com-
mon of these consists in “heaving-to” the fishing
vessel when the swell and wind force prevent the
skippers from performing normal trawl hauls at
their chosen course and speed. By fishing “hove-
to,” the skippers compromise with the storm by
keeping the bow of their vessel in an optimal
position in relation to the swell and the wind. The
engine power of the vessels must also be adjust-
ed to guarantee a speed allowing the crews to
continue their work on deck in spite of extreme
conditions.

The “heave-to” strategy is associated with an-
other, consisting of choosing to fish over sandy sea
bottoms in order to limit the risk of hooking the
fishing gear on rocks or on other undersea ele-
ments. In extreme conditions, “hooking-on” can
be enough to lose a vessel. This shows, more than
anything else, how much the safety of the crew and
vessel depends on the fishing skippers’ ability to
deal with the elements, however hostile. During
the period spent aboard a trawler for the purposes
of this study, the skipper made the decision to con-
tinue fishing during a full-blown storm (west wind
force 11 on the Beaufort Scale — 56—63 knots),
swell > 5 m). In spite of these extreme conditions,
the skipper managed to continue his fishing effort
and avoid accidents, though taking considerable
risks.

When weather conditions no longer allow ves-
sels to continue fishing, the skippers can adopt two
other strategies. The first is to persist in their choice

of a fishing zone. Some skippers prefer to “heave-
to” and wait for an easing of weather conditions,
so as to be more quickly in position to begin fish-
ing again. The second consists in momentary
changes in fishing zones. In this case, skippers
choose to head for more sheltered fishing areas
(closer to the shore or over shallower depths); they
are willing to use up more diesel fuel to gamble
for a bigger catch. When weather conditions be-
come “acceptable” once more, they generally re-
turn to their original zone. One of the advantages
of this strategy is to allow the crews to rest while
the vessel is under way. (We also observed that in
bad weather conditions, fishing skippers tend to
lengthen the average time of a trawl haul, to give
the crew longer rest periods.) All these strategies
necessarily depend on the skippers’ experience,
skill, and know-how.

Fishing skippers: Sole deciders on board. When
the skippers were asked “who would approve/
disapprove your decision in SC*.37” it clearly ap-
peared that the skippers were the sole deciders on
board. Consequently, the others actors (crew, com-
pany) could only approve them (except if their
decision turned out to be counterproductive). The
question “what could stop you from continuing
fishing?” summarizes in itself all our findings,
because all 7 skippers who decided to continue
fishing answered, “no one.” The same type of be-
havior can be found in small companies, in which
the director is usually the sole decider.

Stop fishing: Only for a valid reason. Even if
the decision to stop fishing could present advan-
tages for the crews (reduction in fuel consumption,
time lag between the vessels coming in to auc-
tion, decrease of damage from bad weather), the
disadvantages were perceived as more important
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and of greater consequence. For 6 of the 8 skippers
interviewed, a decision to stop in SC*.3 implied
the sacrifice of 2 fishing days and, therefore, of an
important percentage of their income. Weather
conditions and/or breakdowns could represent
valid reasons for skippers to stop fishing.

Decisions motivated by cost-effectiveness. The
7 fishing skippers who decided to continue their
fishing action in Jones and Small were led to do so
by the characteristics of the fishing zone and their
desire to make a profit. The single skipper who de-
cided to return to harbor (Group SC1) was moti-
vated not by safety criteria but by the prospect of
a better sale of his catch.

Metarules shared by every skipper of a fleet.
To the question “who would do as you did?” the
fishing skippers answered that all their colleagues
working aboard the same type of vessel would have
made the same decisions. In fact, the majority
were unable to tell us who would have decided
otherwise.

GENERAL DISCUSSION

Resilience: An Innate Quality of Risky,
Reputedly Hazardous Systems

These results show that the deciders of the sea-
fishing system are independent actors; they are
alone in making decisions on board, and safety
depends entirely on their decisions. Repeated ex-
posure to risks creates in these sailors an adaptive
know-how regarding safety, much closer to the
definition of resilience than to a totally rational
attitude. Although the best safety response would
be to stop fishing in borderline conditions, the re-
silient response is to go on, and develop survival
skills, according to the situation.

This willingness to take risks is actually based
on genuine craft-style knowledge of resilience,
centered on a familiarity with the environment and
the ability to anticipate the changes both of this en-
vironment and of one’s own skill, thus achieving
permanent and favorable adequacy.

The present study is consistent with a series of
other studies of high-risk activities. Amalberti and
Deblon (1992) pointed out the exceptional skills to
be found in fighter pilots, who constantly orient the
situation in which they are about to place them-
selves as a function of the perception of their own
ability to manage these situations (status of the
context, previous results in comparable situations,
flight fatigue, etc.).

Ranson et al. (1996) found that experienced
practitioners (whitewater paddlers) were constant-
ly seeking information (information-hungry be-
havior) to assess the changing hazards relating to
their ability to manage and control upcoming haz-
ards (e.g., whether the paddlers rested or tired; the
ability to recover if a paddler spills; how the haz-
ards of a particular run relate to the variation in
skills among a team of paddlers). Anticipating the
evolution of hazards is a key ingredient, and an
accurate evaluation of one’s own abilities in con-
text is another. Both are difficult cognitive skills,
and both can be enhanced even for an experienced
operator — the second of the two being the most
difficult to achieve and to assist.

It is obvious that professions in which risk tak-
ing is great and frequent encourage the acquisition
of such skills, which in turn further increase the
risk taking (metaknowledge effect). However, it is
extremely difficult to help an operator to acquire
these skills without exposing him or her to risks.
This was one of the conclusions made of the
failure of electronic copilot programs on fighter
planes. Very good assistance equipment designed
for controlled risk taking is mainly very good at
helping pilots who are already experts and famil-
iar with risk (Amalberti & Deblon, 1992).

The most frequently recurring requests of ex-
pert fishers are not for more regulations but the
opposite: They want new means of staying at sea
in unfavorable conditions (e.g., GPS equipment
allowing more visibility of surrounding sea traf-
fic, various electronic devices). Itis a burning and
even an ethical question in the field of ergonom-
ics: Should a sector’s request for help in optimiz-
ing production be satisfied, or should this request
be denied because of the paradoxical consequences
of added risk-taking, which would be the result of
a successful joint assistance?

The fishing system is able to cope with unan-
ticipated perturbations. In this way, this system is
safer than average for these exceptional condi-
tions, even if this result is relative and the system
suffers more accidents overall as it exposes itself
to more risks. To manage the risks, sea fishers rely
almost exclusively on a specific form of safety:
managed safety (Sy) or resilience. Going back to
the definition of resilience suggested by Holl-
nagel and Woods (2006), “the ability to manage
unexpected events” (p. 329) (before, during, and
after), we find that this form of safety is very dif-
ferent from the form which has been, and is still,



14

February 2008 — Human Factors

implemented to guarantee the safety of complex
systems: safety through constraints (prohibitions
and protections), or Sc. Consequently, a system’s
total (or observed) safety necessarily integrates
both forms of safety, but definitely not on an equal
footing. We postulate the following equation:

Observed Safety = [Sc + Su].

Within the framework of the fishing system un-
der scrutiny, constrained safety (Sc) is almost non-
existent. This first level of resilience constitutes
a dynamic coupling between Sc and Sy, relying
mainly on the autonomy of fishing skippers and,
therefore, on Sy;. Here, resilience constitutes an in-
nate property of the basic craftsmanship system
but is unable in itself to provide a high safety lev-
el (or observed safety; see Table 6).

Observed Safety = [Sc + SM], safety level: 107

Can the Fishing System be Made Safer
Through Constrained Safety (Sc)?

The fishing system has reached an economic
balance, but this balance is unstable because of the
growing scarcity of the resource, added to increas-
ing regulatory restrictions. These economic con-
straints force fishers to optimize their fishing
activity if they wish to retain a high income, and
they quickly reach the limits of authorized quotas.
This strategy drives them to ever-greater risks.
Inevitably, at this game, some win and some lose,
and any one of them can sooner or later become
“the loser.” If their activity is to be rendered safer,
the benchmark strategy in any industry would take
the form of prohibiting risk taking (Amalberti,
Auroy, Berwick, & Barach, 2005). This would
cause considerable disturbance in the profession,
which might not hold up under the strain (Amal-
berti, 2006). Moreover, the expertise that is gained

with exposure to dangerous situations would grad-
ually disappear, taking resilience with it.

Ultimately, the discussion on managed safety,
overall safety, and local “resilience” brings us
back to the most basic conceptual issue about re-
silience: often, the word resilience is used to refer
to first-order adaptive capacity when it should
more properly be reserved for second-order adap-
tive capacity: the way in which one can modulate
adaptive capacity as the situations change beyond
what one is normally able to handle (Csete &
Doyle, 2002; Woods, 2006b; Woods, Wreathall, &
Anders, 2006).

CONCLUSION

The process of making systems safer always
leads to a considerable increase in constrained
safety (Sc), to the detriment of self-managed safe-

ty (Swm).
Observed Safety = [SC + syl

Unfortunately, this increase is almost always
to the detriment of the resilient, adaptive ability of
the system. As it becomes safe, the system also be-
comes rigid.

One research question remains open: the com-
patibility of the two types of safety, constrained on
one hand, self-managed on the other. Future re-
search will have to define a method through which
a complementary vision of these two approaches
could be created.

Some avenues of research are already open: the
adoption of a proactive point of view, training on
simulators to cultivate resilience, proceeding with-
in the limits of a well-regulated work domain
where operators still retain some autonomy rather
than by strict protocol-type guidelines (free flight),
and rethinking the evaluation of risks by taking a

TABLE 6: Characteristics of Resilience in the Sea-Fishing System According to Amalberti (2006)

Model of Model of Criteria for Who Is in Charge of
Safety Level Success Failure Resilience Organizing Resilience?
Sea-fishing Quest of maximum Fatalism Skill’lknow-how  Operational actors
industry = performance Low skill/ Expertise organized as a network
ultraperform-  depending on the know-how Efficient tools Vessel owners
ing system skill of independent ~ Uncontrollable  and means of Political structures

operational actors outside factors

production
“Grants”
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new look at improbable scenarios (which are cur-
rently left aside).

None of these has yet proven its status as a new
approach regarding safety-improving actions for
risky systems.

REFERENCES

Adie, W., Cairns, J., Macdiarmid, J., Ross, J., Watt, S., Taylor, C. L., et
al. (2005). Safety culture and accident risk control: Perceptions of
professional drivers and offshore workers. Safery Science, 43,
131-145.

Ajzen, 1. (1991). The theory of planned behavior. Organizational Behav-
ior and Human Decision Processes, 50, 179-211.

Ajzen, 1. (2002). Perceived behavioral control, self-efficacy, locus of
control, and the theory of planned behavior. Journal of Applied
Social Psychology, 32, 665-683.

Amalberti, R. (2001a). La conduite de systémes a risques [Controlling
risky systems]. Paris: Presses Universitaires de France.

Amalberti, R. (2001b). The paradoxes of almost totally safe transporta-
tion systems. Safety Science, 37, 109-126.

Amalberti, R. (2006). Optimum system safety and optimum system re-
silience: Agonist or antagonists concepts? In E. Hollnagel, D. D.
Woods, & N. Leveson (Eds.), Resilience engineering: Concepts and
precepts (pp. 238-256). Aldershot, UK: Ashgate.

Amalberti, R., Auroy, Y., Berwick, D., & Barach, P. (2005). Five system
barriers to achieving ultrasafe health care. Annals of Internal Medi-
cine, 142, 756-764.

Amalberti, R., & Deblon, F. (1992). Cognitive modelling of fighter air-
craft’s control process: A step towards intelligent onboard assistance
system. International Journal of Man-Machine Studies, 36,639-671.

Billings, C. (1997). Aviation automation: The search for a human-centered
approach. Mahwah, NJ: Erlbaum.

Chauvin, C., & Le Bouar, G. (2007). Occupational injury in the French
sea fishing industry: A comparative study between the 1980s and
today. Accident Analysis and Prevention, 39, 79-85.

Chauvin, C., Letirand, F., & Delhomme, P. (2007). Social-cognitive
correlates of decision-making in a dynamic situation of interaction.
Le Travail Humain, 70, 33-65.

Chauvin, C., Morel, G., & Tirilly, G. (in press). The use of information
and communication technology in the sea fishing industry. Behav-
iour and Information Technology.

Cook, R., & O’Connor, M. (2005). Thinking about accidents and sys-
tems. In H. R. Manasse & K. K. Thomson (Eds.), Improving med-
ication safety (pp. 73-87). Bethesda, MD: American Society of
Health-System Pharmacists.

Csete, M. E., & Doyle, J. C. (2002). Reverse engineering of biological
complexity. Science, 295, 1664—1669.

Cyrulnik, B. (2001). Les vilains petits canard [Ugly ducklings]. Paris:
Odile Jacob.

Dominguez, C. O., Flach, J. M., McDermott, P. L., McKellar, D. M.,
& Dunn, M. (2004). The conversion decision in laparoscopic sur-
gery: Knowing your limits and limiting your risks. In K. Smith, J.

Shanteau, & P. Johnson (Eds.), Psychological investigations of

competence in decision making (pp. 7-39). Cambridge, UK: Cam-
bridge University Press.

Flin, R. (2006). Erosion of managerial resilience: Vasa to NASA. In E.
Hollnagel, D. D. Woods, & N. Leveson (Eds.), Resilience engineer-
ing: Concepts and precepts (pp. 208-219). Aldershot, UK: Ashgate.

Food and Agriculture Organization. (2001). Safety at sea as an integral
part of fisheries management (Circ. No. 996). Rome: Author.

Godley, S. T., Triggs, T. J., & Fields, B. N. (2002). Driving simulator
validation for speed research. Accident Analysis and Prevention,
34, 589-600.

Hetherington, C., Flin, R., & Mearns, K. (2006). Safety in shipping: The
human element. Journal of Safety Research, 37, 401-411.

Hoc, J. M., & Amalberti, R. (2007). Cognitive control dynamics for
reaching a satisficing performance in complex dynamic situations.
Journal of Cognitive Engineering and Decision Making, 1, 22-55.

Hollnagel, E., & Woods, D. D. (1983). Cognitive system engineering:
New wine in new bottles. International Journal of Man-Machine
Studies, 18, 583-600.

Hollnagel, E., & Woods, D. D. (2006). Epilogue: Resilience engineering
precepts. In E. Hollnagel, D. D. Woods, & N. Leveson (Eds.),
Resilience engineering: Concepts and precepts (pp. 326-337).
Aldershot, UK: Ashgate.

Hollnagel, E., Woods, D. D., & Leveson, N. (Eds.). (2006). Resilience
engineering: Concepts and precepts. Aldershot, UK: Ashgate.
Hoyes, T. W., Dorn, L., Desmond, P. A., & Taylor, R. (1996). Risk
homeostasis theory, utility and accident loss in a simulated driving

task. Safety Science, 22, 49-62.

International Labour Office. (1999, December). Safety and health in
the fishing industry: Report for discussion at the Tripartite Meeting
on Safety and Health in the Fishing Industry. Geneva, Switzerland:
Author.

Kaplan, I. M., & Kite-Powell, H. L. (2000). Safety at sea and fisheries
management: Fishermen’s attitudes and the need for co-management.
Marine Policy, 24, 493-497.

Klein, G., & Zsambok, C. E. (Eds.). (1997). Naturalistic decision mak-
ing. Mahwah, NJ: Erlbaum.

Marine Accidents Investigation Branch. (1995). Marine Investigation
Branch—Safety digest summary (No. 2/95). London: Department
of the Environment, Transport and the Regions.

Marshall, E. C., Duncan, K. D., & Baker, S. M. (1981). The role of with-
held information in the training of process plant fault diagnosis.
Ergonomics, 24, 711-724.

Morel, G. (2005). Analyse des abordages impliquant des navires de
péche: Premiére phase [Collision accident analysis involving fish-
ing vessels: First phase]. Lorient, France: University of South Brit-
tany, Ergonomics and Safety of Maritime Activities Laboratory.

Morel, G. (2006). Description of the actual mode of operation of fishing
units: A major phase of the sociotechnical approach of collision risk
management. In R. N. Pikaar, E. A. P. Koningsveld, & P. J. M. Settels
(Eds.), Proceedings of the International Ergonomics Association
Symposium (pp. 3925-3931). Amsterdam: North-Holland/Elsevier.

Morel, G. (2007). Analyse des abordages impliquant des navires de
péche: Deuxieme phase [Collision accident analysis involving fish-
ing vessels: Second phase]. Lorient, France: University of South Brit-
tany, Ergonomics and Safety of Maritime Activities Laboratory.

Morel, G., & Chauvin., C. (2006). A socio-technical approach of risk
management applied to collisions involving fishing vessels. Safety
Science, 44, 599-619.

Perrow, C. (1999). Normal accidents: Living with high risk technolo-
gies. New York: Basic Books.

Ranson, D. S., Patterson, E. S., Kidwell, D. L., Renner, G. A., Matthews,
M. L., Corban, J. M., et al. (1996). Rapid Scout: Bridging the gulf
between physical and virtual environments. In Proceedings of the
Special Interest Group on Computer-Human Interaction (SIGCHI)
Conference on Human Factors in Computing Systems: Common
Ground (pp. 442-449). New York: Association for Computing
Machinery Press.

Rasmussen, J. (1986). Information processing and human-machine
interaction. Amsterdam: North Holland/Elsevier.

Reason, J. (1990). Human error. Cambridge, UK: Cambridge Univer-
sity Press.

Swain, A. D. (1964). Technique for human error rate prediction (Rep.
SC.R.64.1338). Albuquerque, NM: Sandia Laboratories.

Tornros, J. (1998). Driving behaviour in a real and a simulated road
tunnel—A validation study. Accident Analysis and Prevention, 30,
497-503.

Wang, J., Pillay, A., Kwon, Y. S., Wall, A. D., & Loughran, C. G. (2005).
An analysis of fishing vessel accidents. Accident Analysis and
Prevention, 37, 1019-1024.

Westrum, R. (2006). All coherence gone, New Orleans as a resilience
failure. In E. Hollnagel & E. Rigaud (Eds.), Proceedings of the 2nd
Resilience Engineering Symposium (pp. 333-341). Paris: Mines
Paris Les Presses.

Woods, D. D. (1987). Commentary: Cognitive engineering in complex
and dynamic worlds. International Journal of Man-Machine Studies,
27, 571-585.

Woods, D. D. (2005). Creating foresight: Lessons for enhancing resil-
ience from Columbia. In W. H. Starbuck & M. Farjoun (Eds.), Or-
ganization at the limit: NASA and the Columbia disaster (pp.
289-308). Malden, MA: Blackwell.

Woods, D. D. (2006a). Essential characteristics of resilience. In E.
Hollnagel, D. D. Woods, & N. Leveson (Eds.), Resilience engineer-
ing: Concepts and precepts (pp. 19-30). Aldershot, UK: Ashgate.



16

February 2008 — Human Factors

Woods, D. D. (2006b). How to design a safety organization: Test case for
resilience engineering. In E. Hollnagel, D. D. Woods, & N. Leveson
(Eds), Resilience engineering: Concepts and precepts (pp. 296-306).
Aldershot, UK: Ashgate.

Woods, D. D., & Hollnagel, E. (2006). Joint cognitive systems: Patterns
in cognitive systems engineering. Boca Raton, FL: Taylor & Francis.

Woods, D. D., Johannsen, L., Cook, M., & Sarter, N. (Eds.). (1994). Be-
hind human error (State of the Art Rep. 94-01). Dayton, OH: Wright-
Patterson Air Force Base, Crew Systems Ergonomic Information
and Analysis Center.

Woods, D. D., Wreathall, J., & Anders, S. (2006). Stess-strain plots as
amodel of an organization’s resilience. In E. Hollnagel & E. Rigaud
(Eds.), Proceedings of the 2nd Resilience Engineering Symposium
(pp. 342-349). Paris: Mines Paris Les Presses.

Wreathall, J. (2006). Properties of resilient organizations: An initial view.
In E. Hollnagel, D. D. Woods, & N. Leveson (Eds.), Resilience
engineering: Concepts and precepts (pp. 258-268). Aldershot, UK:
Ashgate.

Zohar, D., & Luria, G. (2004). Climate as a social-cognitive construction
of supervisory safety practices: Scripts as proxy of behavior patterns.
Journal of Applied Psychology, 89, 322-333.

Gaél Morel is an ergonomics researcher in the Study
Group on Health, Work, Information and Cognition at the
University of South Brittany, where he earned his Ph.D.
in ergonomics in 2007.

René Amalberti is the codirector of the Air Force Aero-
space Medical Research Institute in Brétigny-sur-Orges,
France. He received his M.D. from the University of
Marseille in 1977 and his Ph.D. in cognitive psychology
from the University of Paris in 1992.

Christine Chauvin is a cognitive psychology and ergo-
nomics researcher in the Study Group on Health, Work,
Information and Cognition at the University of South
Brittany. She earned her Ph.D. in cognitive psychology
from the University of Paris V in 1996.

Date received: April 16, 2007
Date accepted: October 12, 2007



