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ABSTRACT

This paper presents an analysis, by a combination of dynamic systems and fuzzy logic, of the work environment of hu-
man factor. This environment contains a set of factors (variables) that influence human behavior in the context of in-
dustrial safety. The definition of these behavioral factors is made from a prior synthesis of the main factors that influ-
ence the safe behavior of human factor. The use of system dynamics allows identifying causal interactions between all
these factors and representing these interactions through a systemic and dynamic vision. Fuzzy logic is used to account
the qualitative and uncertain nature of variables value (called linguistic value) resulting from the phenomenon of per-
ception. This work is a new conceptualization of dynamic systems and fuzzy logic for modeling the safe behavior of
human factor.
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1. Introduction ganizational and also economical). In addition, the hu-
man behavior cannot be assessed in a qualitative manner
with precision and certainty.

The complexity of this problem, the existence of in-
teractions, and the difficult nature to quantify factors
influencing human behavior, all of these have led us to
define a modeling approach to allow a detailed analysis
of the main factors explaining the performance of human
factor and causal interactions that link these factors, and

. ; - to establish a decision support allowing to identify the
1nter2{ct10n with iall components of the s:ystem throu.gh principles of action to develop and channel operators’
functions (formalized with the use case diagram) carried behavior in the context of industrial safety.

out by the operators. This network of interactions within This paper contributes to the modeling of safe behav-
the system shows that the human factor in addition to the

organizational environment defines its behavior by avoi-
ding any situation of risk (Figure 1). Human factor

Consideration of human factor and the organizational
. . . Safety behavior
environment in risk management appears to be a key
Organizational

Behavior of human factor is an important key in indus-
trial safety. The results of the lessons learned from the
accidents show that almost two thirds of the accidents are
caused by behavior problems (procedural violations, er-
rors...). Another reason to be interested in the behavior of
operators is that the behavior is a major lever of safety in
addition to technical and organizational improvements.

In [1] the authors showed that the human factor is in

element to improve industrial safety [1]. This environ- .

. ” / environment of the
ment contains multiple factors that influence human be- work
havior. Analysis of this situation leads to more under-

stand the complexity and the dlv?rSIty of the prpblem, Figure 1. Relation between human factor and the activities
due to several factors (psychological, psychosocial, or- of a system.
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ior of human factor, in which we combined several tech-

niques that we seemed able to deal the problem. These

techniques are:

* System dynamics used on the one hand as a technique
to describe the different variables of the system and to
analyze the causal interactions between these vari-
ables, on the other hand as a method of reflection and
action. Indeed, system dynamics is based on methods
which make it possible to study complex systems
with a systemic vision. It is a way of thinking, be-
cause it allows analyzing the causality within a sys-
tem “systemic character”, and a mode of action, since
it is part of an approach of decision support.

* the theory of fuzzy sets used to account for the quali-
tative, uncertain and linguistic character of the vari-
ables (in this text, variables are behavioral factors) in-
fluencing safe behavior of human factor.

This paper is organized as follows: First of all, we
specify the main criteria of safe behavior of the human
factor. After, we describe the principle of the proposed
generic model of safe behavior founded on the system
dynamics and the theory of fuzzy sets. This step led to a
thorough investigation followed by dynamic modeling
using the concepts of fuzzy sets. This work has made a
generic simulation, in which the value of variables was
conducted through interviews with employees of a che-
mical industry in Morocco.

2. The Main Criteria of Safe Behavior of
Human Factor

Several definitions of the concept “behavior” exist in the
literature. According to [2], behavior is “the set of reac-
tions objectively observable that an organization will
typically have a nervous system performs in response to
stimulation of the environment, themselves objectively
observable”. In the [3], the behavior is defined as “a real-
ity apprehended as observation units, acts, in which the
frequency and the sequences are susceptible to change; it
translates into action the image of the situation as it is
developed, with its own tools: the behavior expresses a
form of representation and construction of a particular
world”. According to [4] there are two types of safety
behavior. The first one corresponds to the caution, which
consists for example to respect and implement several
safety rules, to wear protective equipment, etc. the sec-
ond type is safe initiative or behavior of initiative for
safety [5]. This second type of behavior consists to make
suggestions in order to improve safety or to take initia-
tive to avoid a situation of risk or also to propose correc-
tive measures when equipment is defective. Transgres-
sions and violations of rules, non-compliance procedures
are the behaviors to avoid. The right strategy is to pro-
mote in the same time both types of safety behavior,
namely caution and safety initiative. Several works have
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studied behavior of human factor. These works studies
the behavior either from a single aspect: competence [6],
personality [7,8], performance [9], or they presents psy-
chological or psychosocial factors influencing behavior:
stress [10,11], motivation [12,13], fatigue [10,14], preci-
sion in the work [15], feeling self-efficacy [16], intelli-
gence, emotionality [17], conflict [18,19]. Other socio-
organizational factors have been the subject of research
showing the influence of these factors on the behavior of
operators. In the [5], the authors show that the micro-
organizational factors such as degree of internal cohesion
of the work group, degree of cooperation of the group
and the supervisor are potential determinants of the pro-
pensity of operators to be cautious and to have safe ini-
tiative. Other studies [20] show that the macro-organiza-
tional factor, such as the degree of commitment of man-
agers in prevention, is an important factor that positively
influences the safety behavior of workers. Some resear-
chers were interested to study the causal interactions be-
tween psychological factors influencing the behavior of
workers. But these interactions are presented individually,
for example, the impact of variation of the effort on the
performance [21], the effect of motivation on the deci-
sion to act [12]. A generic model of behavior has been
proposed by [22]. His model presents causal interactions
between psychological factors (motivation, stress, per-
formance, satisfaction, feeling self-efficacy) and psycho-
social factors (conflict, communication), in order to de-
fine a model to study the effects of these two factors on
the efficiency of operators in a production system.

3. Proposal of Generic Model

3.1. Principle of a Generic Model of Safe
Behavior of Human Factor

In the proposed model, we consider the psychological,
psychosocial, organizational, and also economic factors
in order to develop a representative model of safety be-
havior.

The objective is not to study exhaustively all the fac-
tors influencing safety behavior, but to give a representa-
tive model, precise and complex. The selected factors are
factors that are designed to analyze human behavior mai-
nly in the workplace and have been objects of scientific
studies. The definition of causal interactions between
these factors is also based on these scientific studies.

3.2. Modeling Methods

3.2.1. System Dynamics

System dynamics is the theory of system structures, a
theory that deals with the study of the causal interactions
between the components which constitute the structure of
a complex system. It is a modeling methodology for un-
derstanding and representing complex systems and ana-

OJSST



98 H.BOULOIZ ET AL.

lyzing their dynamic behavior [23]. It finds its origin in
cybernetics, which is the interdisciplinary study of the
structure of regulatory systems [23]. System dynamics is
a modeling method that allows a system to be repre-
sented in terms of feedback. It is founded on the original
work of Forrester, who defined it as “the investigation of
the information-feedback character of industrial systems
and the use of models for the design of improved organ-
izational form and guiding policy” [24]. System dynam-
ics deals with the study of how the behavior of complex
system changes over time [23].

System dynamics has two interesting aspects: systemic
study of the concept of feedback and dynamic study of
system behavior. It shows how the structure of a feed-
back system and the loops that it contains are responsible
for its dynamic behavior. It is a method that focuses on
the interactions between structural components, and be-
havior that is founded on the concept of feedback [25]. It
is a methodology for designing and analyzing a system
and simulating its behavior. According to [26] the syntax
of system dynamics is neutral and independent of the
field of application.

The model of system dynamics consists of three types
of element (Figure 2): stock (or level) elements (also
called state variables); flow elements; and auxiliary va-
riables and constants [27].

3.2.2. Theory of Fuzzy Sets

The theoretical basis of fuzzy logic (fuzzy logic) has
been established in early 1965 by Professor Zadeh Uni-
versity of California, Berkeley. This technique combines
the concepts of “fuzzy subset” and “possibility theory”
[28]. It is an approach based on human reasoning rather
than on difficult calculations [28].

The theory of fuzzy sets offers a formal framework to
model the imprecise and uncertain aspects of natural
language. According to Zadeh [29-31], this theory is the
most suitable formalism to describe qualitatively the lin-
guistic variables.

This approach allows understanding natural phenom-
ena which are imprecise and difficult to model based on
the definition of rules and membership functions in sets
called “fuzzy sets” [28]. Its interest is related to the for-

N\
U
auxiliary
variable \
| /7~ N
-4 Vi \
o—0O— ... (O )—D
o e ocC N Y\
Inflow Outlfow

Figure 2. Schematic of a system dynamics model using the
stock, flow and auxiliary variables proposed by Forrester
(Forrester, 1961).
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malization of linguistic variables which are used to
model imprecise or vague knowledge about a variable
whose value can be unknown as low stress or low moti-
vation. In order to represent these variables linguistically,
the fuzzy sets are used.

A fuzzy set is completely defined by the data of its
membership function. From such a function, a number of
characteristics of fuzzy subset can be studied.

A linguistic variable is a triple (V, X, Tg), where V is
a variable defined on a reference set X. The overall Tv =
{Al, A2, ..}, finite or infinite, contains standardized
fuzzy subsets of X, used to characterize V. The number
of elements of Tv is greater or less. Figure 3 shows an
example of a representation of the linguistic variable
“motivation.” In this example, V = Motivation X = R; Tv
= {low, high}.

In fuzzy logic, the fuzzy reasoning, also known as ap-
proximate reasoning, based on fuzzy rules which are ex-
pressed in natural language using linguistic variables [28].

3.3. Representation by a Causal Diagram

We recall here that the most existing studies that have
studied the causal interactions between factors, influenc-
ing human behavior, have studied these interactions indi-
vidually. Thus, we aggregated these individual causal
interactions in order to develop a generic model of safety
behavior. The use of existing scientific works enables us
to give credibility to our model. Figure 4 presents the cau-
sal diagram of behavior developed under software VEN-
SIM.

This diagram shows a set of causal interdependencies
between factors influencing the safe behavior of opera-
tors. To structure the presentation and the explanation of
this diagram, we divide these factors into two categories.
The first category corresponds to factors that directly
influence the safety behavior. These factors are: preci-
sion, feeling self-efficacy, intelligent conduct, motivation,
stress. The second category corresponds to the factors
that influence factors of the first category. Gradually, as
we present each factor of the first category, we also ex-
plain the factors of the second category

3.3.1. Description of Factors Influencing Safety
Behavior of Operators
1) Motivation
Motivation is an important behavioral factor that di-

100%

Figure 3. Linguistic variable “motivation”.
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Figure 4. Generic causal diagram of safety behavior.

rectly influences the decision to act. This factor has been
the subject of several studies and the many theories have
been developed around this factor [32-38].

Motivation is the hypothetical constructs used to de-
scribe the internal and/or external forces producing re-
lease, direction, intensity and persistence of behavior.

In [12] the authors are interested to develop a more
detailed model of motivation based on system dynamics.
Their studies consist to explain why a person subject to a
change in his environment will actually decide to act
(action). They call “motivation” the process that leads to
action and to decide.

Several factors influence the motivation process. We
are not trying to be exhaustive but we limit only to some
of these factors. Resecarches show the presence of a
strong link between improving human relations and mo-
tivation of operators [39].

Aggression and sanctions are factors that increase
stress and demotivate operators. While recognition and
appreciation of their work increases their motivation.
Similarly, accountability is an important factor influenc-
ing employee motivation. It results in the freedom of
decision and action of employees. Training is also a
source of motivation which increases their commitment
to a specific activity. In [20], the author shows that or-
ganizational factor such as degree of involvement of
manager in the health and safety in the work has a posi-
tive influence on the safety behavior of workers. This is a
factor influencing worker motivation.

2) Stress

The workplace remains a major source of psychologi-
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cal stress [40]. Stress is one of the factors studied to ana-
lyze the behavior of the human factor in the work. For
psychologists, stress is the result of any emotional,
physical, social, economic or other which requires a re-
sponse or change in a specific situation. In [41] the au-
thors presented stress as a process in three major con-
ceptual phases, themselves influenced by personal factors,
social and environmental. These phases are: stressors,
stress and consequences [42].

Stressors are the source of stress existing in the work
environment. Stress, the second phase of the stress proc-
ess can be long or short term depending on the nature of
stressors. This second phase constitutes psychological in-
terpretation and experience of events seen as stressful by
an individual. Finally, the consequences, which are be-
havioral manifestations, psychological, physiological and
organizational events, results the prolonged stress.

In the [21], the author presented a stress model using
system dynamics. His model consists to develop causal
interactions between stress and some psychological fac-
tors such as: motivation and mood.

Human relationships are a source which influences
stress. Aggression increases stress of operators. The wor-
king environment is also stressful. Factors of this envi-
ronment are ergonomic factors which exert pressure on
the person such as: noise, vibration, temperature... etc.

Another factor that seems interesting to introduce it as
a factor influencing stress is economic factor correspond-
ing to the degree of instability of the company in the fi-
nancial market. A recent investigative study shows the
influence of the financial crisis mainly on workers stress

OJSST
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[43].

3) Feeling self-efficacy

Feeling self-efficacy is an important factor that di-
rectly influences the behavior of operators. According to
cognitive theory [44], feeling self-efficacy constitutes the
belief that an individual has in its ability to produce or
not a task. Confidence that the person up in his capacities
to produce desired effects influences their aspirations,
their choices, their vulnerability to stress and their level
of perseverance [44]. This confidence has a logical link
with learning through training which influences motiva-
tion [45].

4) Precision in the work

Precision in the work is related to the quality and effi-
ciency of activity achieved by the operators. This is a
factor that leads to the presence or absence of errors, and
therefore directly influences the behavior of operators.

In [22] the author presented a model of imprecision in
the work. Several factors affect the accuracy or inaccu-
racy in the work. These include: fatigue. According to
[46], fatigue is a decrease in activity of a living system
and related to the activity of this system. A simple loop
appears as soon as we analyze the physiological phe-
nomenon of fatigue [14] (Figure 5).

This loop is positive and can become dangerous in
case of nervous breakdown. According to [47], nervous
fatigue is manifested by an inability to maintain a system
with an initial devolution accompanied by increased er-
rors and reduced vigilance. The relevance of procedures
is an important factor that increases the precision at work,
while the absence or the incorrect information leads to
imprecision.

5) Intelligent conduct

According to psychologists, intelligent conduct corre-
sponds to a mental level which is concretized by the be-
havior, the adaptation, the ease of solving problems, and
the ability of an operator to predict the effects of his con-
duct. Intelligent driving is associated with competence.

In the [48], the authors show that the competence is
defined as a result of the use of internal expertise in an
external context: Individual competence = processing
mechanisms + internal expertise + external context.

Modeling of competence was studied by several re-
search which proposed models of competence [49,50]
[51]. In the [52] the authors proposed a model of compe-
tence that distinguishes knowledge, expertise and skills.

/ Physical fatigue
Physiological balance

(nervous)
N

Figure 5. Loop of fatigue.

Recovery between
quarts

Nervous fatigue
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Competence can be seen as a process but also as a dispo-
sition to act [53].

Competence is a process which makes it possible to
build or to adapt strategies for action by mobilizing the
resources needed to accomplish a mission. Learning
through training is an important source of competence
development [54] and a powerful tool able to develop
safety behavior [55].

Experience is also an important source of learning and
consequently affects competence. According to [56], an
individual “applies his prior knowledge, those created by
his perceptual experiences and those made by his cul-
ture”.

3.3.2. Model Simulation
Any operation simulation in system dynamics begins
from a specified state of the system. Before running the
simulation, the initial conditions for each state (or stock)
variable must be defined.

The estimated value of the variables was conducted
through interviews with employees of a chemical indus-
try in Morocco. The method consists to develop an eva-
luation grid with a qualitative value scale (very low, low,
medium, strong, very strong) which corresponds to the
interval [0; 0.25; 0.5; 0.75; 1]. A value of 0 means very
low and the value 1 means very strong. This grid is then
presented to the subjects interviewed in order to give, in
linguistic terms, an estimate of each variable. Each lin-
guistic term is identified with a fuzzy subset as we will
see in the next section.

Various sensitivity, or case studies, such as examining
changes in the different variables, could be carried out
using the proposed model. We present an example of a
case study corresponding to loop of motivation.

The following table shows the simulation conditions of
this case study.

The values given for the current situation correspond
to the values of variables estimated through the interview.
The duration of the simulation period is defined arbitrar-
ily as six days.

Figure 6 presents the simulation results of the case
study given in Table 1.

This figure shows clearly the influence of motivation
on the behavior of operators. Indeed, as shown in the
diagram causal (Figure 4), several factors (or variables)
influence motivation such as: degree of commitment of
managers in prevention, human relations, and still others
factors such as recognition, appreciation and account-
ability. A disturbance in these factors affects the behavior
of operators.

3.4. Fuzzy Model Representation

3.4.1. Justification for the Use of the Theory of Fuzzy
Subsets
The development of causal diagram and description of

OJSST
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Safety behavior of operators

]
0.8 %\

0.6 S
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0.4
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motivation: +20% of motivation

motivation: —20% of motivation

Safety behavior: current

Figure 6. Effects of motivation on human behavior.

Table 1. Case study conditions.

Case Study Data Set Description
Current situation 0.75
High motivation Degree of increase: +20% of
Motivation g the current situation

Degree of decrease: —20%

Low motivation L
of the current situation

Time bounds for model Initial time: 0 Final time: 6

Time step 0.25 day

causal interactions between the main behavioral factors
have shown how and why it was interesting to analyze
such problem with the system dynamics. They also
showed that the proposed causal model uncorked on lin-
guistic variables whose value is mainly due to the phe-
nomena of perception. Each linguistic term is identified
with a fuzzy subset as we will explain.

But the translation of these linguistic values into digi-
tal values raises major questions. For example, when the
motivation takes the value of 0.75, using natural lan-
guage, we say that the motivation is high. What it means
the motivation of operators is high? How to represent this
linguistic value? How to formulate the quantification
language? And finally, how to integrate these linguistic
values in a system? We have also encountered another
problem in the evaluation of some variables. There were
answers that begin with “I think”, for example: “I think”
the level of commitment of managers in prevention is
low, I think the level of human relationships is high... etc.,
which gives uncertain nature of the values of these vari-
ables.

Therefore, we have recognized imprecise (i.e. strong,
weak, etc.) and uncertain (responses that begin with “I
think™) character of these variables. In order to find the
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answers for these questions, the new concept of set-mem-
bership of a gradual element to a set appears as an ideal
model for behavioral factors. Each linguistic term is
therefore identified to a subset.

3.4.2. Application to a Causal Model of Behavioral
Factors

The identification of causal relationships has been well
defined in the first part of the proposed approach. The
definition and description of these interactions has al-
lowed us to estimate the strength of each interaction in a
loop of the model. The method consists to break all
feedback loops of the model in an individual interaction
sequence. Figure 7 shows an example of such sequence:

The estimate of the intensity of each sequence of in-
teraction is collected in a matrix in which each axis con-
tains linguistic values. Each linguistic expression is iden-
tified as a fuzzy subset. Figure 8 shows an example of
estimation matrix of strength of the causal interaction
between variables in the example of the sequence shown
above.

This matrix is then interpreted as an interaction. The
value of this interaction is constructed from linguistic
expression that the estimation in the matrix suggests. In
the example of Figure 7:
¢ If the degree of commitment of the managers in the

prevention is very low then the motivation is very low;
* If the degree of commitment of the managers in the

prevention is low then the motivation is very low or

low;
f\
I moti\m

safety behavior

degree of commitment o
managers in the
prevention

Figure 7. Example of a sequence of causal interaction.

Motivation
Very Very
low Low Medium  Strong strong
Very strong * *
Strong * *
Medium *
Low *
Very low * *

Degree of commitment of
managers in the prevention

Figure 8. Example of estimation matrix of the strength of a
causal interaction.
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e If the degree of commitment of the managers in the
prevention is medium then the motivation is medium
or high;

e If the degree of commitment of the managers in the
prevention is strong then the motivation is strong or
very strong;

* If the degree of commitment of the managers in the
prevention is very strong then the motivation is very
strong;

Similarly, we have estimated the intensity of each in-
teraction in the proposed model. The evaluation of these
interactions makes reference to the rules of computation in
fuzzy logic.

4. Conclusions

In this work, we have developed a methodological ap-
proach for controlling the safe behavior of the human
factor. It is an approach to decision support combining
two techniques: system dynamics and fuzzy sets theory.
This approach allows understanding the problem in its
generality and studying a specific application.

System dynamics allowed modeling the complexity of
the problem by analyzing the set of causal interactions
(forming feedback loops) between several variables that
influence human behavior. The practical significance of
this technique is to identify the principles of action to
develop and channel safety behaviors of operators. The
model can be used as a support to assist managers to
study the impact of a potential disturbance on the per-
formance of the operators.

The theory of fuzzy sets allowed accounting for the
qualitative and uncertain character of the variables in the
model. The data obtained by the method of interviews
allowed us to obtain data near the current language with
linguistic expressions.

The methodology presented in this work is already
being implemented. It will be developed in other case
studies. Indeed, we will apply this methodology to a sam-
ple of industries of different activity in order to assess the
safety behavior of operators in relation to the level of
danger that exists in these industrial activities.
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