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Abstract. This paper presents the results of an ergonomic intervention conducted within a blast furnace plant. As part of its
risk prevention program, the company decided to set up an action plan, in a participatory manner, by setting up working groups
to solve health & safety issues. This field mission involved 230 employees, 80 of whom participated actively by being incorpo-
rated into working groups. After four months of intervention, a questionnaire survey has been conducted among employees to
study the effects of participation on the safety climate. The results seem promising and show that the benefits of participation
are numerous: a more positive safety climate associated to safer attitudes and behaviors. However, rather than just participa-
tion, it seems to be the employee involvement in the working groups and the satisfaction they derive from their participation
that guarantee these positive results. Hence, participatory ergonomics seems to be an effective way to decrease the number of
unsafe behaviors at work, provided that the type of participation has been previously well defined and organized according to

the specific context of each organization.
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1. Introduction

In the last few years, the issue of health & safety at
work attracted the interest of both the research com-
munity and practitioners, especially in industrial con-
texts where workplace hazards are numerous.

Prior research has shown that, besides technical
factors, employees' unsafe actions may be the prima-
ry cause of workplace accidents [15,17,28]. It makes
sense, therefore, that industrial companies are trying
to understand and modify these behaviors.

To address this problem, the development of a
positive safety culture appears as a key organization-
al factor in order to develop safer behaviors amongst
employees [2]. As a reflection of safety culture [4],
the concept of safety climate has been the focus of
many research studies [31,19]. Their main goals were
to determine how to measure this climate and to un-
derstand which factors could improve it. Employees'
participation in actions to improve their own safety
was found out to be one of these factors [23]. Thus,
as participation is a framework and a foundation for

ergonomics [29], this work aims at studying the con-
tributions of participatory ergonomics to the im-
provement of safety culture in an industrial context.

1.1. Safety culture

1.1.1. Safety culture as part of organizational culture

Safety culture may be understood as the attitudes,
beliefs, perceptions and values that employees share
in relation to safety [3]. Safety culture may thus be
considered as a part of organizational culture, in a
framework that is limited or related to safety [22].

Within the organization, the safety culture may be
dependent on many factors that demonstrate the or-
ganizational commitment for safety, as for example
management decisions, organizational policies but
also safety-related practices and processes [11].

1.1.2. An important issue for prevention

A positive safety culture may be described as a
culture that reflects a shared understanding by em-
ployees that safety is the first priority in the company
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[14]. It seems that an organization that develops and
maintains a strong safety culture will be more effec-
tive at preventing accidents, particularly through the
impact of safety culture on attitudes and behaviors of
employees [2].

At a psychosocial level, it is interesting to note
that the safety culture may predict different positive
attitudes at work. A positive safety culture would be
likely be, for instance, to increase job satisfaction,
work involvement or organizational commitment
[20].

Interest in safety culture is therefore also justified
by the broader impacts incurred, beyond the scope of
safety and ensuring the organization benefits in terms
of job performance of employees [9]. Thus, it is not
surprising that this concept has attracted the attention
of industry and researchers who have developed nu-
merous models and tools to understand and measure
the safety culture.

1.1.3. Safety climate: a measure of safety culture

Review of the literature shows that the more sig-
nificant indicator of safety culture within a company
is the safety climate [4]. Mearns, Whitaker & Flin
[19] describe it as the manifestation of safety culture
in the behavior and attitudes expressed by employees.

Safety climate can be considered as an alternative
indicator of the safety performance of an organiza-
tion. It makes it possible to overcome the limitations
of traditional measures such as the frequency rate of
accidents and their analysis. First, these are not sensi-
tive enough to provide useful information in the short
to medium term and learn about the impacts of a par-
ticipatory intervention [10]. Second, these perfor-
mance measures simply provide factual information
that shed no light on the perceptions of employees on
safety.

This information, which is given by the measure of
safety climate, may have an important preventive
purpose [17]. As proof, safety climate is described by
Flin, Mearns, O'Connor & Bryden [7] as a major
indicator of safety performance because it is asso-
ciated with both safety practices [31,26], occupation-
al accidents [19] and safe behaviors at work [1].
Many authors emphasize as well the fact that organi-
zations can no longer be content to collect informa-
tion on workplace accidents, but they must develop
proactive approaches, whose the study of the security
environment is part of [9].

Many scales for measuring the safety climate have
been developed in recent years [32,1,22,11]. Fur-
thermore, to understand how the safety climate im-

pacts safe behaviors at work, some authors have de-
veloped structural models that explain such behavior
[1,23]. Seo’s model [23] establishes linkages be-
tween safety climate, workload, risk perception, per-
ceived barriers and unsafe behaviors. It shows that
among these factors, the perceived safety climate is
the best predictor of unsafe behaviors.

1.2. Participatory ergonomics and risk prevention

1.2.1. Participatory ergonomics

If the practice of ergonomics has always meant, by
nature, a certain level of employee participation [29],
for the last fifteen years approaches identified by the
name of "participatory ergonomics" claim participa-
tion as a specific type of intervention producing its
own impacts [13]. According to Imada [16] this ap-
proach requires that beneficiaries of an ergonomic
intervention are involved in the development and
implementation of the resulting solutions. Wilson and
Haines [30] for their part insist on the notions of
power and knowledge allowing employees to influ-
ence both processes and outcomes of their activities.

There are several reasons to use participatory er-
gonomics. Firstly it can generate or enhance ideas
and design solutions, but it particularly allows an
easier implementation of the changes. Moreover,
participatory approaches will enhance the experience
and expertise of people [9]. The results are thus more
positive for both the organization and individuals
[30,13]. Finally, participation appears as a central
factor in the context of a risk prevention approach as
it will have a significant impact on the safety climate
and behaviors at work.

1.2.2. Participation: a critical factor of prevention

Participation is seen as a key factor in preventing
accidents. Rightly, as Simard et al. [24] define it as "a
powerful factor in effective prevention efforts". Thus,
giving the opportunity or even encouraging operators
to participate in the management of safety reduces
accidents and their severity [21]. It also helps to in-
crease compliance with the rules and safety proce-
dures because, as shown by Geller [8], employees are
more likely to accept and follow procedures they
have helped to develop. Moreover, it seems that par-
ticipatory approaches can take into account both fac-
tors of physical and psychosocial risks [12,6] : they
increase the sense of control employees feel over
their work and positively change their self-image
[25].
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Many studies have shown that participation and
involvement of employees in their own security was
one of the main components of the safety climate
[7,5,22,11]. As such, participation will therefore di-
rectly impact factors related to safety, including safe-
ty behaviors [23].

2. A study of the impacts of safety climate and
participation on safety behaviors

2.1. Background and scope of intervention

The intervention related in this paper was con-
ducted within a blast furnace plant. As part of its risk
prevention program, the company decided to set up
an action plan, in a participatory manner, by setting
up working groups to solve health & safety issues.

The involvement of the company in such a delibe-
rate and dynamic safety improvement approach may
be explained by several organizational factors. First,
it contributes to the desire to develop a safety culture
within the organization. The participatory approach is
thus perceived as a way to involve employees in safe-
ty concerns in order to achieve the ambitious goals
the company would like to reach in this area. Moreo-
ver, the company is determined to empower through
that process the stakeholders in the organization and
to change their behaviors, too often involved in the
occurrence of workplace hazards.

The scope of intervention was limited to a specific
area of the plant (actually one of the most hazardous,
where the cast iron flows from the blast furnaces) and
involved 230 employees in total. Among them, about
80 employees from all hierarchical levels and all
functions have been actively involved in the partici-
patory intervention by being incorporated into one of
the twelve working groups established under the
project. Each working group was composed of 6 to 8
members and co-facilitated by a “pilot” and an ergo-
nomist.

The ergonomist played many roles as he initiates
and guides the whole process but also acts as an ex-

pert, available for consultation by the working groups.

He was the referent person regarding the participato-
ry process and tried to be as close as possible to the
workers.

2.2. The participatory framework

The term “participatory ergonomics” actually in-
cludes a wide range of practices that do not have all
the same implications and impacts for the organiza-
tion [29].

Thus, it is necessary to describe in detail the type
of participation established through an intervention in
order to identify, within the scope of participation,
what factors determine what impact [22]. It is possi-
ble to use the “Participatory Ergonomics Frame-
work” developed by Haines et al. [22] to describe the
type of participatory design on which an intervention
is based. This classification describes participative
processes according to 9 dimensions. Table 1 de-
scribes our intervention according to this framework.

The identification of the participatory dimensions
involved in our participatory approach allows the
interpretation of our results in a specific framework.
The generalization of our results to another type of
participatory intervention is therefore not guaranteed.

Table 1

Description of the type of participatory intervention using the
« Participatory Ergonomics Framework » (Haines et al., 2002)

DIMENSION CATEGORIES

Permanence of initiative Temporary

Involvement Full direct participation

. Entire organization —
Level of influence
Department — work group

Decision-making power Group consultation

Operators — Line management -
Technical Staff - Union - Sup-
plier / purchaser

Mix of participants

Requirement to participate Voluntary

Physical design / specification

Topics addressed of equipment/workplaces/worrk
tasks
Problems identification - Solu-
Brief tion development — Implemen-

tation of change — Set/up struc-
ture process

Initiates and guides process —
Role of ergonomics specialist ~ Acts as expert — Available for
consultation
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2.3. Research hypothesis

This paper is focused on the measure of the im-
pacts of participation, as a component of safety cli-
mate, on safety-related behaviors at work.

The following assumption is made: participation
of employees will influence the perceived safety cli-
mate in a positive manner so as to generate a positive
effect on safety-related behaviors.

2.4. The measure of safety climate

To assess the impact of our intervention on safety
behaviors at work by taking into account both orga-
nizational and individual factors, a questionnaire sur-
vey was conducted four months after the starting date
of the participatory ergonomics approach.

Population and sample. Our sample consists of 54
operators, all working in the department involved in
the participatory process: 33 of them are taking part
in a working group; the remaining 21 are not directly
integrated in the participatory approach. The distinc-
tion between these two groups constitute the inde-
pendent variable of effective participation in our
study, complementary to those of personal perceived
participation and general perceived participation,
which are subscales of our perceived safety climate
scale [23].

The average age of our sample is 37 years old. Re-
garding work contracts, 81.5% of the participants in
our sample got a permanent employment contract
whereas 18,5% got a fixed-term contract. Regarding
length of service, 46% work in this department for
less than 5 years and 54% for more than five years.
37 of them have experienced at least one workplace
accidents.

Mode of questionnaire administration. Completion
of the questionnaire was conducted by individual
interviews with each operator, on the workplace. This
mode of administration, even if it induces some bias,
was chosen in order to read each question to the op-
erator and ensure understanding. Even if we are fully
aware of the possible effect of the mode of adminis-
tration on the quality of the data collected, a self-
completion mode was not envisaged in this specific
industrial context because some workers actually
have reading problems and would not have been able
to participate in the survey.

Measurement scales. Following the structural
model developed by Seo [23] (Figure 1), we meas-
ured perceived safety climate, perceived workload,

perceived risk, perceived barriers and, finally, de-
clared safety-related behaviors. However, because of
space constraints, the present paper will only focus
on the links between safety climate, employee partic-
ipation in safety as part of the safety climate, and
safety-related behaviors.

Figure 1: Structural model of unsafe work behavior (Seo, 2005)

Measurement scales used to assess the perceived
safety climate are adapted from the Seo Safety Cli-
mate Scale (SSCS) [22], which is composed of 5 sub-
scales:

- management commitment (7 items)

- supervisor support (5 items)

- coworker support (6 items)

- general employee participation (7 items)

- personal perceived participation (7 items)

- competence level (6 items).

A subscale of personal participation, derived from
the general employee participation subscale, has been
added in order to distinguish the general perceived
participation and the personal perceived participa-
tion. Moreover, note that the subscale of management
commitment has not been administrated due to the
opposition of the management.

The 10 items that constitute of our safety-related
behaviors scale have also been created based on
Seo’s study [23]. Each item refers to a behavior that
is typically involved in safety issues within the de-
partment. These behaviors have been identified on
the basis of observations, accidents analyses and in-
terviews of supervisors and managers. As an illustra-
tion, the behaviors targeted in this scale concern for
example the wearing of safety equipment, the com-
pliance to safety rules, workstation’s tidiness or even
the report of “near-accidents”.

The questionnaire administrated to the workers
that were involved in a working group also contains
additional items regarding their evaluation on their
implication in the participatory approach and the sa-
tisfaction they derive from it.
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Every scale of the questionnaire has been con-
structed as a Likert Scale, where items are formulated
as statements. For each of them, participants are
asked to indicate their level of agreement on a 8-
points scale from 1 (strongly disagree) to 8 (strongly
agree). The higher the value, the more positive the
perceived safety climate or the safer the behaviors.
Reliability analyses were conducted among every
scale or subscale to ensure that neither the translation
of the scales in French, neither the adaptation of
some items had impacted to global reliability of the
scales and subscales (Cronbach’s alpha >.70 in every
case).

Sociodemographic variables observed are: age,
length of service, employment contract, job position,
work team, history of workplace accident.

3. Results and discussion

The results of this survey show first that the safety
climate within the plant is generally perceived as
positive by the employees. All subscales composing
the safety climate scale collect a score above 5 of 8
and are all highly correlated (p <.01**). This good
assessment of the global safety climate may come
from the prevention efforts made within the company
for years.

The results confirm the existence of a link between
perceived safety climate and safety behavior (r =. 418,
p <.01 **). The more the safety climate is seen as
positive, the more the behaviors adopted appear to be
safe. A safety climate perceived as positive would be
potentially a factor favoring the development of safe
work behaviors. However, among the dimensions of
perceived safety climate, behaviors are only corre-
lated with the personal participation (r =. 580, p
<.01%%¥),

As a lever to change behaviors, it is interesting to
try to understand the factors that will influence this
safety climate. In this regard, the present study shows
only a few links between perceived safety climate
and socio-demographic variables such as age, length
of service, employment contract or job position. It
seems therefore that the factors that influence the
perception of safety climate are more related to the
organizational domain than to social or individual
variables.

Age is fairly positively related to personal per-
ceived participation (r =.249, p<.05**) so that the
older the worker, the higher the perceived participa-

tion. Similarly, length of service is also related to that
variable in the same direction (t(52)=-1.78; p<.05%%*).

Regarding antecedents of workplace accidents,
workers that did experience at least one accident
perceive the general employee participation as lower
(t(52) = 1.84 ; p<.05**) and are also less enthusiastic
about safety competence level (1(52)=1.97 ; p<.05**).

It is valuable to notice that it is the general em-
ployee participation that explains the main part of the
variation among safety climate (75% of variance ex-
plained) (F(1,52) = 166.3, p<.01**). In others words,
it means that the company’s perceived safety climate,
whether positive or negative, is mainly determined
by the positive or negative assessment of that specific
aspect of daily participation of the employees to their
own safety. Moreover, perceived personal participa-
tion is strongly related to effective participation in a
working group in the context of our participatory
intervention (t(52) = -2.44 ; p<.02%*).

Regarding the contribution of our participatory in-
tervention, the results show that effective participa-
tion is positively related to several key safety factors,
and especially to safety-related behaviors. The work-
ers that were actively involved in the participatory
process show a higher score of safe behaviors than
the ones that were not participating (t(52) = -1.97 ;
p<-05**). Our main research assumption is therefore
validated as it is now clear that participation impacts
safety behaviors, directly but also indirectly through
perceived safety climate.

Note also that the dynamic established during the
intervention seems good since the average means for
personal involvement in the participatory approach
and satisfaction related to that participation are re-
spectively equal to 5.78 (m = 5.78 , 6 = 2) and 6.14
on 8 (m = 6.14, ¢ = 1.34). However, beyond the sim-
ple act of participating in the process, it seems that
the feeling of involvement the workers and the satis-
faction they may derive from this participation are
the most important factors. Thus, the more the em-
ployee feels effectively involved in the health and
safety participatory process, the more his perception
of personal participation to safety is strong (r =.59, p
<.01 *%*),

In terms of safety behaviors, there is a positive
correlation between behaviors and age (r =. 268, p
<.05 *). The oldest employees thus reported having
safer behaviors. Similarly, behaviors also depend on
the length of service (t (52) = -2.44, p <.05 *). They
do not however link with job position, work team or
history of workplace accidents.

Finally, note that the analysis of effective safety
performance indicators shows no significant differ-
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ence, within the perimeter involved in the participa-
tory process, in the frequency of workplace accidents
between the period of the intervention and the same
period a year ago. As we have explained above, this
is not surprising not to see any immediate change on
these indicators. First, since the participatory inter-
vention only was in its beginnings, but also because
the inferences from such indicators are only justified
in the long term and on a large sample [9].

As a conclusion, our results confirm our initial as-
sumption by showing the positive impact of partici-
pation on perceived safety climate and safety beha-
viors. The implementation of a participatory inter-
vention appears to be an effective lever for change in
behaviors. However, the fact that the effective in-
volvement of employees in the process and the satis-
faction they derive are determinants factors proves
that the type of participatory intervention to set up is
not trivial. It is not enough to involve people: one
must also satisfied, through this approach, the mul-
tiple employees’ expectations and achieve to involve
them personally in the objectives of the intervention
[27,18]. To give satisfaction to the operators involved,
the management must therefore make resources
available to achieve the solutions they propose. Oth-
erwise, the benefits perceived at this early stage of
the intervention may run out of steam quickly. To do
this, some authors believe it is possible to control,
before or during the implementation of the process,
that some prerequisites ensuring the effectiveness of
the latter are well present within the organization
[30].

It would have been also interesting to repeat the
measures by replicating the survey several months
after the end of this one-year intervention. Indeed,
the effect of a factor such as participation does not
grow immediately, but requires the integration by
employees of this new management type. In addition
short term effects and long term effects are expected
to differ and the results may therefore have shown
some interesting links in the long term, especially by
showing how the end of the participatory process
could have impacted the perceptions of the safety
climate and therefore probably the behaviors also.

4. Conclusion

After four months of intervention, the survey con-
ducted among employees in order to assess the im-
pacts of a participatory intervention on safety climate
shows promising results. The benefits are numerous:

a safety climate perceived as more positive but also
safer attitudes and behaviors.

An important issue to emphasize is that, more
than just participation; it is rather the involvement of
employees in the participatory process and the satis-
faction they derive from it that provide these benefits.
The implementation of a participatory approach does
not guarantee by itself the desired results. It must
definitely be established so as to involve people. The
type of participatory intervention implemented, tak-
ing into account many elements of the context, will
therefore be a key factor in success or failure [18]
and will have to be at the heart of the concerns of
practitioners in the field of health and safety at work.
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