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Abstract: Management of occupational health and safety (OHS) risks is a crucial component of
any business. Numerous investigations have shown that work-related injuries and deaths occur
disproportionately in small-to-medium-sized enterprises (SMEs) and that this is clearly due to
deficient management of OHS risks. The main goal of this work is to develop a base of indicators
suitable for evaluating OHS risk management maturity in industrial SMEs. A preliminary model is
then proposed for this evaluation, based on a small number of relevant indicators selected from a
careful bibliographic review. The work begins with a critical review of the literature and analysis
of known concepts, methods, tools and models of measurement of risk analysis maturity in order
to extract relevant indicators. The most suitable indicators are then grouped to form the basis of a
preliminary model for evaluating OHS risk management maturity in the SME setting. Our findings
will help managers of SMEs make sound decisions in their quest to improve the OHS performance of
their businesses.

Keywords: occupational health and safety (OHS); risk management; maturity; measurable indicators;
evaluation model; small-to-medium-sized enterprise (SME)

1. Introduction

In 2014, workplace accidents and conditions were the direct cause of 2.3 million deaths around the
world [1]. About 350,000 of these were due to accidents while the rest were the result of work-related
diseases. Analyses show that feasible interventions could have made these numbers much lower and
that their associated economic cost is close to 4% of global gross domestic product [2].

In 2015, about 87,600 work-related lesions were recorded in Québec [3], where workplace accidents
and work-related illnesses do not follow the same trend, the period of 2007 to 2012 in particular
showing a drop of −4.8% per year for accidents and an increase of 2.7% per year for illnesses [4].
An alarming increase in workplace fatalities since 2014 suggests that occupational health and safety
(OHS) management is being neglected or is becoming dysfunctional in the Québec workplace [5].
The remarkable variability of the number of work-related fatalities per year is not new. Although data
are incomplete, the trend appears to be the same or possibly worse in Québec small-to-medium-sized
enterprises (SMEs), which make up the majority of the economic fabric of the province.

Based on the frequency of injuries and fatalities [6], the workplace appears to be considerably
more dangerous in small companies than in large companies [7,8]. In Europe, 82% of work-related
injuries or lesions and 90% of those leading to death occur in SMEs [2].

The economic and social impact of work-related injuries and illnesses occurring in the SME
context has been well documented in various studies [2,9–11]. In addition to direct human suffering,
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productivity suffers and employee attitudes worsen. Taking factors such as these into consideration,
the annual economic loss due to workplace accidents in Canada is estimated at $19 billion [12].

SMEs generally aim to grow, thrive, increase the wealth of their owners, improve their methods
and increase the satisfaction of their customers. In order to do this, they search constantly for means
and assets that will maintain their competitiveness. One of these assets is an effective system of OHS
management [13]. In recent years, a variety of standards have been developed in order to promote
risk management, for example, ISO 31 000 [14], CAN/CSA-Z1000 [15], OHSAS 18001 [16] and so on.
Risk management is a fundamental component of business success in terms of economics, societal
factors and environmental protection [17]. As a decision aid tool, risk management represents means
of ensuring the long-term viability of any organization and this is becoming more and more obvious
as the performance of SMEs improves [18], as noted already a generation ago [19]. Under conditions
of rapid socioeconomic evolution, management of OHS risks in particular may be viewed as a wise
strategic initiative [20]. In fact, SMEs need to improve their recognition and management of the various
types of risk that are present in their work environments [21,22]. It was pointed out years ago that
OHS deficiencies in SMEs are strongly associated with inadequate management of the occupational
risks confronting these businesses [23]. It has since been re-stated that the limited ability of SMEs
to evaluate OHS risks must be addressed with urgency [21]. Various authors have noted that SMEs
suffer from persistent lagging maturity in the realm of OHS risk management [7,8,20,24]. They point
out several factors that appear to influence OHS risk management in SMEs, including insufficient
economic, technological and human resources, the onerous nature of OHS regulations, absence of such
regulations, bureaucracy, inadequate training or unavailability of training, poor communication or
lack of communication between managers and workers.

The main goal of this article is to develop a base of measurable indicators of OHS risk management
maturity better adapted for use in SMEs. In addition, we shall focus on certain indicators that have
rarely been applied until now. And finally, it was deemed necessary in the context of this study to focus
on predictive indicators of occupational risk of lesions and their possible associations with proactive
indicators. We shall conclude by proposing a preliminary model for measuring OHS risk management
maturity based on a small number of relevant measurable indicators.

The article is organized as follows: We begin by presenting the research problem in Section 2,
followed by a detailed description of the research methodology in Section 3. The results of the literature
review are presented in Section 4, in terms of the most relevant risk management maturity evaluation
models and the list of indicators suitable for measuring OHS risk management maturity in SMEs.
In this section, we also provide the details of the preliminary model used for this measurement.
In Section 5, we discuss the results and limitations of the study. Finally, our conclusion is provided in
Section 6.

2. Research Problem

The research problem comprises three principal elements (Figure 1), summarized below in our
presentation of the challenges confronting OHS in the SME setting. We then describe briefly a few
known OHS risk management tools and methods before focusing on measurable indicators of OHS
risk management maturity.

2.1. Occupational Health and Safety in the SME Setting

For a few decades now, the number and the strategic importance of SMEs has been increasing
in the global economy [25]. However, behind this success lie various difficulties associated with an
environment characterized by several constraints, these being primarily financial, regulatory or related
to competitiveness, OHS, quality and so on [7,24] and often posing considerable challenges to these
businesses. SMEs in general are constantly in search of new assets and competitive advantages [18,19].
For this reason, the effectiveness of OHS risk management represents a crucial aspect to be taken into
consideration in the SME setting.
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Figure 1. Principal elements of the research problem. OHS: occupational health and safety; SME:
small-to-medium-sized enterprise.

2.2. OHS Risk Management Tools and Methods

Like all other aspects of governance, OHS risk management requires a system of measurement
in order to be conducted effectively. SMEs do not have at their disposal OHS measurement tools
and methods that are adapted to their work environments and scales of operation [8,24]. Among
the factors cited to explain the unavailability of tools suitable for measuring their maturity level are
insufficient economic, technological and human resources, the adopted managerial mode and efforts
oriented towards productivity and quality to the detriment of OHS [26]. Although SMEs generally
have limited resources and operate under multiple pressures, they can implement measures based on
simple approaches to improving risk management [7,24].

2.3. Measurable Indicators OHS Risk Management Maturity

OHS risk management in the SME setting requires indicators that provide measurements of
relevant parameters [27–29]. This is important for effective management, facilitates decision-making
and solicits the commitment of company staff to the implementation of effective measures [30,31].

Solutions to problems experienced by large corporations with the effectiveness of risk management
have been the subject of intensive reflection in recent years [32], while little attention has been devoted
to the SME context, in spite of confirmed difficulties in this aspect of business management. The key
factors influencing risk management in SMEs have been considered on a fragmentary basis or a few at
a time (e.g., culture, communication, etc.)

3. Materials and Methods

The methodology of the present study comprised two principal steps: (1) a survey of publications
in order to identify the most relevant risk management maturity analysis models and to collect
indicators suitable for evaluating this maturity and (2) proposing a model of maturity evaluation
adapted to OHS risk management in SMEs.

3.1. Review of the Literature

The literature on indicators and measurements of OHS risk management maturity was surveyed
using the databases Google Scholar, Scopus, ABI/INFORM Global, Institut de recherche Robert-Sauvé
en santé et en sécurité du travail (IRSST, Québec) and Commission des normes, de l’équité, de la santé
et de la sécurité du travail (CNESST, Québec). Among the documents thus retrieved, we focused on
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articles published in scientific journals, conference articles, research reports, theses and memoirs,
standards, regulations and legislative or legal documents. In order not to exclude potentially
interesting indicators, the search was extended to subject areas such as quality management, software
development, project portfolio management and organizational management. Furthermore, in view
of the disparate definitions and the limited number of studies on SMEs, the search was extended to
businesses of all sizes in all sectors. We also took into consideration aspects related to competitive
benchmarking in SMEs.

Figure 2 shows the various sources of the indicators included in the preliminary list. These were
retrieved using keywords such as management, safety, indicators, leading, maturity, performance,
model, SME, benchmarking and so on. We also used the corresponding keywords in French to query
the databases of the IRSST (Québec), CNESST (Québec) and INRS (France).
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Figure 2. Distribution of risk management maturity indicators in the literature. IS: Information systems.

Having compiled a list of the risk management maturity indicators and measuring tools described
in the literature, we then grouped them into two broad categories: reactive indicators and proactive
indicators. Obtaining the preliminary list fulfilled our main objective. This provided the base for
proposing a preliminary model of OHS risk management maturity evaluation.

3.2. Development of the Preliminary Model of Risk Management Maturity Evaluation

The development of the risk management maturity evaluation model consisted of two steps.
The first step involved compiling the preliminary list of maturity indicators and grouping these
into four families associated with risk management processes, companies and their managerial staff,
individual workers, tasks and resources. These four families make up the base of the preliminary
model. The maturity indicators are supported with examples of measured values. The second step
involved using the four families in conjunction with relevant models identified in the literature in
order to propose a preliminary model of risk management maturity evaluation better adapted to SMEs.

Our approach to developing this model was drawn primarily from the works of Jia et al. [33] and
Cienfuegos [34] and is based on the notion of maturity levels, which are based in turn on the theory of
organizational learning described by Argyris and Schön [35].

4. Results

4.1. Risk Management Maturity Measurement Models

“Maturity” is complicated and slippery concept, since its definition depends largely on the context
to which it is being applied, on how it is being used and on the individual who is evaluating it. For our
purposes, maturity in the context of the SME setting means reaching a certain level of effectiveness and
performance with regard to management of OHS risks. Measurement of the level of risk management
maturity is fundamental to self-evaluation and improvement. As Kaplan and Norton [28] put it, “You
can’t manage what you can’t measure”.
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In order to evaluate OHS risk management maturity, many SMEs use benchmarking, which is,
according to Moriarty and Smallman ([31], p. 498), “an exemplar-driven teleological process operating
within an organization with the objective of intentionally changing an existing state of affairs into a
superior state of affairs.” In commerce, benchmarking is divided into two broad categories, namely
in-house and external. The in-house variety engages branches, departments or services within the same
company. It consists usually of comparing these divisions in order to improve practices. Being limited
in this manner is considered a weakness. In contrast, external benchmarking relies on comparison
to competitors and thus provides a way of revealing opportunities for improvement [27]. It is used
widely in research on SMEs [36,37]. With regard to risk management, all companies prefer external
references [27]. It has been believed for a long time that competitive benchmarking leads to better
results [38]. This approach makes it easier for companies to identify good practices, discover innovative
improvements, learn who their competitors are and what advantages they have and find the best
measurement tools and methods. In a study involving 8 companies focused on reducing occupational
injuries, it was found that benchmarking led to improved OHS risk management performance and
brought average reductions of 77% in the incidence of lesions [39]. The importance of benchmarking to
OHS had been demonstrated earlier using measurable indicators of performance and factors known to
affect OHS management [40]. Among these factors were inspections, meetings, regulatory framework,
training, communication, collaboration, workplace relations and resources.

Performance evaluations should focus both on means (or processes) and on results [41].
Performance can be described also in terms of “practices” and “quantifiable measurements.” Practices
are descriptions of behaviours that lead to deviations in performance. These may be associated with
processes, organizational structures, management systems, human factors or strategic approaches.
Quantifiable measurements refer to indicators associated with company performance, technical
performance (productivity) and efficiency (human input). The relevance of these measurements
must be reviewed continually. Several factors that influence benchmarking in this context have been
identified, including communication, training, commitment and involvement of upper management
(leadership), worker participation, development of policies and effective setting of goals, systematic
approach to management and decision-making, continuous improvement, teamwork and programs of
recognition and appreciation of effort [42].

During the past decade, several models and technological tools have been developed for the
measurement of “risk management maturity.” The growing interest of researchers in these models is
reflected in the number of articles published, particularly during the years 2009 and 2010 [32]. Prior
to this, a “maturity model” had been defined as “a simplified representation of the evolution that an
organization’s capacity for sound judgment and responsiveness may undergo in a given field of skill”
([43], p. 49). A model of risk management maturity was later characterized as a means of helping
businesses to determine their current level of maturity, to understand their strengths and weaknesses
and to implement suitable measures in order to improve their level of performance [33].

Several “maturity measurement models” appear to have originated from the quality management
maturity grid, first proposed in 1979 by Crosby [44]. This device is used to raise awareness of
the general need for a sustained, long-term quality program in all companies. It defines five
progressive levels corresponding to increasing awareness of requirements with respect to quality,
namely uncertainty, alertness, awareness, wisdom and certainty [45]. Maturity measurement models
often have similar structures [44]. They are based on definition of an ensemble of process areas,
of which the control is evaluated within an organization in terms of maturity level. Among the models
discussed in the literature, one of the most relevant appears to be the capability maturity integration
model, used notably to improve commercial software development processes [46]. Another is the
organizational project management maturity model (OPM3) developed by the Project Management
Institute (PMI®) [47]. Also well-known are the control objectives for information and related
technology (COBIT) model, used to manage the security, reliability and compliance risks inherent in



Safety 2018, 4, 5 6 of 20

information systems [48] and the risk management capability maturity model for complex production
systems (COPS).

It should be noted that the Mellon model developed at the Carnegie Institute of Software
Engineering was revised and corrected in 1997 [44,49]. The capability maturity model (CMM) was
thus proposed, which features a simple structure that facilitates evaluation of the risk management
processes of a business, based on indicators (culture, behaviour, etc.) suggested by observation. These
composite indicators facilitate communication of results, particularly by using plain language and a
common reference system. The CMM model describes an organization using four levels (Figure 3) of
increasing risk management capacity (naïve, novice, normalized and natural) measured in terms of
four attributes, namely culture, processes, experience and application [50,51]. Each level is defined
and characterized clearly, thus allowing companies to self-evaluate their level of maturity using a
previously established scale. Once this level of maturity has been determined, a company can set clear
targets for improvement [52].
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The risk management maturity system (RMMS) was developed for application to construction
projects [33]. This model is based on a system composed of three functional elements: capability,
evaluation and improvement. Figure 4 describes the capability element: (1) managerial capability
associated with the “organization,” which represents the support provided by the company with
regard to safety, stakeholder management, culture and the program risk management and (2) capability
associated with “processes,” which represents the identification, analysis, evaluation and handling of
risks as well as collection of afferent information.

In general, managerial capabilities associated with the “organization” and with “processes”
are at least somewhat interconnected. In fact, the former provides the basis of risk management
processes. Improvement of either favours improvement of the other (mutual relationship). The model
is divided into six categories and 21 activities, including risk management analysis feasibility, the risk
identification process, structured description of risk, selection and use of risk analysis methods, risk
analysis results, identification of residual risk and risk monitoring.

The risk management maturity model (RM3) was also developed for application to construction
projects [53]. Several facets of projects are analyzed, including the system, the process, human resources
and culture. RM3 is composed of the following five elements: risk management and leadership
capability, risk management organizational culture, risk identification and analysis capability and
aptitude for developing and applying a standardized process of risk management. It includes four
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levels of maturity: initial, repeatable, directed and optimized. The reliability and effectiveness of RM3
has been demonstrated in several empirical applications.Safety 2017, 3, x FOR PEER REVIEW  7 of 22 
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We note also a model developed initially to measure and later to promote safety culture in Brazilian
petrochemical companies [54]. In its original configuration, it included three levels (pathological,
bureaucratic and generative). Two others were added, namely reactive and proactive [55] and the term
“bureaucratic” was changed to “calculating.” The different levels have been defined as follows [56]:

• Pathological: characterized by worker-caused unsafe conditions. The principal focus of the business
is productivity. Safety legislation and regulations are disregarded or circumvented deliberately.

• Reactive: the organization is starting to take safety seriously. Measures and actions are undertaken
as accidents occur.

• Calculating: safety is guided by management systems based on data gathering. It is more
suggested or imposed by the administration than desired by the workers.

• Proactive: performance is improved using predictions. Worker involvement is starting the
transition from a purely top-down approach.

• Generative: active participation is preached and practised at all levels. Safety is perceived as a
central and crucial issue for the company.

Using a model proposed by Hudson [57], Parker et al. [58] designed a framework that could help
SMEs evaluate their safety culture maturity. Following improvements by Filho et al. [54], the model
now includes the following five dimensions:

• “Information” refers to the information system, that is, the manager’s evaluation of the system
put in place to favour circulation of and access to information on workplace accidents, for the
purpose of improving safety performance.

• “Organizational learning” refers to information processing and analysis and to training of workers
in subjects related to safety.
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• “Involvement” refers to that of workers in the risk management process.
• “Communication” refers to horizontal as well as vertical exchanges of information within

the company.
• “Commitment” refers to the support provided by the company with regard to safety.

Among the other relevant research articles identified are Safety culture maturity model [59];
The Model to Assess the Maturity Level of the Risk Management Process in Information Security [60],
The Safety Culture Maturity and Risk Management Maturity in Industrial Organizations [61] and The
Risk Maturity Model for Dutch Municipalities [34]. Underlying the development of these models is
the inclusion of the more recently described notion of good risk management practices [33,34], which
are particularly relevant to the SME problem. In summary, models of risk management maturity
measurement are helpful in several ways. The literature nevertheless does mention some of their
drawbacks, such as poor grounding (overwhelming subjectivity), structural complexity or highly
theoretical aspects.

4.2. Indicators Suitable for Measuring Risk Management Maturity

All of the models of maturity measurement cited above are based on the use of
indicators [31,42,56,62,63]. Measurable indicators play an important role in the process of improving
OHS risk management performance in businesses [29]. They allow comparisons of different situations
and provide reliable and meaningful information on relevant phenomena [31] and appear to be
indispensable for sound decision-making and getting staff involved and committed to implementing
actions designed to improve OHS risk management [30].

A measurable indicator of performance is defined as information that can be used to monitor the
evolution of a phenomenon relative to defined objectives or a previously determined and accepted
framework [64]. Updated regularly, such indicators are useful for evaluating the effectiveness and
the efficiency of a system or a part thereof over time. The number of inspections completed on time
divided by the total number of inspections planned for a given time interval is an example of an
indicator of proper carrying out of maintenance operations.

An indicator can also be an element or group of elements of meaningful information,
a representative index or a statistic representing some concern [65]. These are derived from data
collected on an observed condition, manifested phenomenon or element associated with the proper
functioning of an organization. The choice of an indicator is based on a certain number of criteria
that must be met. In this context, it should be kept in mind that monitoring trends over time is an
important aspect of risk management and must be based on objective characteristics such as those
proposed by the Institut national de l’environnement industriel et des risques (INERIS) [64] and the
Conseil du trésor du Québec [66]:

• Relevance: The preoccupation and the associated expectations have real significance in terms of
the objective to be met. The result or phenomenon to be measured is shown clearly and sufficient
information is obtained on the effects of the activities underway and the expected results.

• Validity: The measurement provides accurate and precise evaluation of the situation of concern.
It should be noted that validity is verified by cross-comparison with other indicators used to
measure the same phenomenon.

• Feasibility: The data associated with an indicator are accessible when needed and at an
acceptable cost.

• User friendliness: The criterion (indicator) is simple, clear, easy to understand and to present and
is interpreted the same way by all within known limits.

• Reliability: The measurements obtained correspond to reality. Values remain constant while
the measurement is repeated under identical conditions. The overall reliability of the indicator
depends largely on the reliability of the data (of the actual measurements).
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• Compatibility: Standard variables, calculation methods and frequencies of measurement are used,
as recommended by recognized official organizations, thus lending credibility to the indicator.

Although the usefulness of measurable indicators needs little further explanation, their
non-judicious use can be counterproductive and costly [67]. For example, over-rating a performance
indicator can lead to erroneous results and unrealistic objectives, which will likely have a negative
impact on the entire process of risk management and on motivation of staff.

In the literature, performance indicators are divided into several categories: quantitative,
qualitative, reactive, proactive, operational, strategic, in-house, external and so on. Even the names of
the various types vary depending on the author and the field of research. The two main categories that
emerge most consistently from the literature search are lagging indicators (reactive or retrospective)
and leading indicators (proactive or predictive).

The focus of most reactive indicators (mishap frequency, severity, frequency-severity and cost) is
maximization of results (income, sales, quality, etc.), whereas the focus of OHS performance indicators
is the reduction (frequency, severity, etc.) of workplace injuries [68]. In Québec, the CNESST evaluates
economic sectors and calculates dues using reactive indicators only [69,70]. This method has provided
close-up views of the OHS situation. However, the data show only what types of injury occur and
where, while providing little information about their causes. It has been shown that this way of
measuring OHS performance is imprecise, inappropriate and even counterproductive [70]. It is of
little aid to businesses where accident rates are low while situations at risk are numerous. In addition,
reactive indicators alone provide a partial and thus incomplete view of reality, one that can and
often does lead to ineffective actions. In order to avoid increases in annual dues, businesses tend to
under-report accidents. Results-oriented indicators can be divided into two levels of preoccupation [68]:
(1) injury prevention, with result categories such as number of incidents, equipment damage, rescue,
first aid, temporary reassignment and indirect costs and (2) monitoring of losses, with conventional
result categories including number of accidents, number of illnesses, number of workdays lost, direct
costs, dues and so on. Both levels concern past and hence unchangeable occurrences. Too much
emphasis on reactive indicators has been identified as a frequent major obstacle to the improvement of
OHS risk management performance [71,72].

Proactive indicators provide means of monitoring current OHS performance effectiveness
(maturity), activities and risk management processes plus information on the current OHS status of
the organization. In other words, they provide advanced warning of potential problems and therefore
the possibility of implementing preventive measures before mishaps occur. They can also be used
to reveal weaknesses in risk management procedures or worker behaviours that increase the risk of
injury [72,73]. Given the dynamic nature of the conditions under which most injuries occur, a proactive
indicator will be suitable only if it can provide constant monitoring. Being proactive is beneficial only
if the chosen indicator provides timely information that can be interpreted effectively and translated
into concrete actions. The USA National Safety Council [74] describes an effective proactive indicator
as being actionable, feasible, meaningful, transparent, easy to communicate, valid, helpful and timely.
Their use is generally associated with the following expectations: (1) anticipating, foreseeing or
eliminating risks and losses (possibility of taking swift action); (2) monitoring and evaluating OHS risk
management efficiency; (3) promoting safe behaviours, staff involvement and continuing improvement
and (4) communicating reliable findings. The USA National Safety Council [74] suggests three broad
categories of proactive indicators, namely (1) focused on operations (relevant to the functioning of
SMEs); (2) focused on systems (i.e., management systems); and (3) focused on behaviours or actions
of individuals or groups in the workplace, personal interactions in association with supervision and
management. As shown in Figure 5, there are also three hierarchical levels of application of indicators,
namely strategic, tactical and operational [64].
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A few guides and research articles discuss the use of proactive indicators of OHS status and
performance, such as a publication by the Government of Alberta [73]. Based on actual investigation,
this guide emphasizes that the implementation of indicators may encounter several obstacles, including
the absence of standardized practices or of reference criteria in the studied sector of activity. One study
reached the conclusion that benchmarking should be considered the most appropriate method
of comparing proactive indicators and their impact on businesses [31]. The proactive indicators
mentioned most often in the literature are listed below in Table 1.

Table 1. The principal proactive measurable indicators in occupational health and safety (OHS).

Proactive Indicator Examples of Measurement References

Identification of OHS hazards
– Number of hazards uncovered

[14,17,33,52]– Number of incident reports

OHS risk estimation and evaluation – Number of estimations and
evaluations carried out and validated [23,24,33,52]

Preventive and corrective actions – Number of preventive and
corrective actions recommended [14,17,24]

Risk characterization or profiling
– Number of potential risks, by level
of seriousness [33,74]
– Number of risks per category

Disciplinary policy or program – Number of disciplinary actions [75–77]

Communication of OHS risks
– Number of OHS meetings

[20,33,54,59,76,78,79]– Number of OHS reports
communicated

Monitoring and review – Number of re-evaluations of OHS
risk management activities [14]

Perception of OHS risks – Number and frequency of inquiries
into staff perception of OHS [25,54,59,76,77]

OHS training – Number of hours of training [23,25,33,54,59]

Information on OHS risks Not specified [8,33]

Organizational/process changes
– Number of new organizational
practices implemented [80–82]
– Frequency of certification and audits
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Table 1. Cont.

Proactive Indicator Examples of Measurement References

Prevention by design Not specified [83–85]

Commitment of management Not specified [24,59,79]

Worker commitment and participation – Percent response to questionnaires [24,59,78,86]

OHS-related behaviour – Number of observations of unsafe or
deviant actions [78,87]

Compliance with OHS guidelines or
regulations

– Number of penalties for
non-compliance [8,23,40,54,88]

OHS inspection – Number of inspections carried out [25,40,79,86]

Equipment and preventive
maintenance Not specified [25,79]

Work setting and situations
potentially at risk Not specified [7,8,20,24,79]

Evaluation of proactive indicators Not specified [74,79,86]

Technology – Degree of integration of technology
into the processes [33,89]

Budget – The amount allotted to OHS [33,40,59]

Workload – Evaluation of workload [90]

4.3. Preliminary Model of OHS Risk Management Maturity Measurement

The model was developed in two steps. The first step consisted of compiling a preliminary
list of maturity indicators and grouping these into families in accordance with the main objective of
this study, based on relevance to (1) risk management processes, (2) organization and management,
(3) individuals and (4) tasks and resources. These four families formed the basis of our preliminary
model. We supported the selected indicators with concrete examples. The second step consisted of
using the list of families in conjunction with relevant models found in the literature in order to propose
a preliminary model better adapted to the SME context.

Our approach to developing a model of OHS management maturity in the SME context was
drawn mainly from work by Jia et al. [33] and Cienfuegos [34]. This preliminary model is based on the
notion of levels of maturity. These levels find support in organizational learning theory as described in
work by Argyris and Schön [35].

The indicators are shown grouped into the four main families in Figure 6. It is important to specify
the frequency (annually, quarterly, etc.) of evaluation.

“Process based indicators” (Table 2) refers to quantification of OHS risk management activities,
preventive actions, corrective actions, risk characterization by category and/or level (risk profiling)
and finally monitoring and review. This latter activity allows overseeing of setting up and effective
application of risk-reducing measures as well as ensuring that the results obtained contribute to
achieving the objectives.

“Organization and management based indicators” (Table 3) refers to quantification of the role
of management, particularly in terms of commitment in the deployment of risk management at all
levels of the business, the communication of risks present in the work setting, OHS training for
workers, recognition of good behavior, leadership, organizational and process changes, evaluation of
the relevance of proactive indicators, carrying out inspections and checking OHS practice realities,
compliance with OHS regulations and prevention by design.
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Table 2. Measurable indicators of risk management maturity based on process-based indicators.

Code Indicator Measurement

P1
Identification of OHS risks
(or hazards)

– Number of hazards identified
– Number of incident reports filed
– Number of inspections carried out
– Number of persons trained in hazard identification

P2 OHS risk estimation
and evaluation

– Number of estimations/evaluations carried out and validated
– Risks identified per level

P3 Preventive and corrective
actions

– Number of preventive and corrective actions recommended
– Number of preventive and corrective actions found effective
(audited and validated)
– Number of preventive actions per type of hazard (e.g., closed
spaces, etc.)
– Number of corrective actions prioritized per level of hazard
(e.g., severe and minor)
– New number of hazards reported after implementation of
preventive and corrective measures

P4 Risk characterization

– Correlation between proactive and reactive indicators
– Number of potential hazards, by severity
– Number of hazards per specific category (e.g., closed spaces,
heights, etc.)

P5 Monitoring and review – Number of new evaluations of OHS risks
– Effectiveness of corrective actions implemented
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Table 3. Measurable indicators of risk management maturity based on organization and
management-based indicators.

Code Indicator Examples of Measurement

O1
Commitment of
management

– Number of suggestions implemented by managers
– Percentage of positive OHS evaluations carried out by managers
in the design phase
– Number (percentage) of managers participating in
OHS meetings

O2
Communication of risks
(or hazards)

– Number and frequency of OHS meetings
– Number of OHS information posters

O3
Leadership and
disciplinary policy

– Number of OHS-related disciplinary actions
– Number of recognitions of safe behaviours

O4
Organizational and/or
process changes

– Number of new OHS organizational practices implemented
– Frequency of OHS audits

O5 OHS training – Hours of training/hours of work ratio
– Number of training sessions

O6 Evaluation of proactive
indicators

– Number of evaluations correlating predictive measures with
OHS results
– Number of preventive actions for reaching OHS objectives

O7 OHS inspection
– Number of workplace inspections
– Percent compliance (and/or non-compliance) with applicable
regulations and standards

O8 OHS compliance
– Number of in-house regulatory inspections
– Number of compliance inspections carried out by
external evaluators

O9 Prevention by design – Number of plans or models that pass safety testing or validation

“Individuals based indicators” (Table 4) refers to quantification of measures regarding information
on OHS, perception of OHS risks by workers, worker involvement and participation with regard to
OHS and behaviour in the workplace.

Table 4. Measurable indicators of risk management maturity based on individuals-based indicators.

Code Indicator Examples of Measurement

I1 Information on OHS risks
or hazards

– Number of injuries attributable to lack of information
– Number of consultations of the OHS intranet by managers

I2 Perception of OHS risks – Number, frequency and results of surveys or questionnaires
on the perception of OHS in the organization

I3 Worker commitment
and participation

– Number (percentage) of workers involved in OHS activities
(inspection, training, etc.)

I4 Safe behaviour
– Number of observations of behaviour indicating
mindfulness (or lack thereof) of OHS
– Observed ratio of high-risk to low-risk behaviours

“Tasks and resources based indicators” (Table 5) groups quantification of the work environment
danger level and situations potentially at risk and requiring permits, workload, the technological
sophistication accessible to the company and use thereof to limit OHS risks, equipment use and
preventive maintenance and finally the budget allotted to OHS.
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Table 5. Measurable indicators of risk management maturity based on tasks and resources-based indicators.

Code Indicator Examples of Measurement

T1
Work environment, situations
potentially at risk

– Number of evaluations of written procedures relating to
OHS risks
– Number of managers trained regarding specific tasks
(e.g., closed spaces, work at heights, etc.)

T2 Workload
– Hours of overtime per week
– Frequency of measurement of workload

T3 Technology – Level of integration of risk management technology
– Level of integration of the technology into the processes

T4 Equipment and preventive
maintenance

– Percentage of time designated as maintenance time
– Number of injuries attributable to equipment failures

T5 Budget – Budget allotted to OHS
– Ratio of OHS allotment to overall budget

At this point, as mentioned in the research methodology section, we used maturity levels based
on organizational learning theory. According to this theory, learning is deemed to have occurred when
an organization detects and corrects an error in its management of OHS risks. The first step is devoted
to error discovery, while the other steps take place when the error is corrected. As shown in Figure 7,
there are at least two ways of correcting an error, including acting on the underlying behaviour (this
action requires a single-loop learning) and acting on the management system, which is considered as a
double-loop mode of learning [91].Safety 2017, 3, x FOR PEER REVIEW  14 of 19 
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These two types of learning and the definition of the five levels of maturity are listed in Table 6.
The levels included in the preliminary model are the immature stage (N1), the mature stage (N5)
and three intermediate stages. In order to make the model applicable, percentage intervals for each
level (0 to 100%) and scores for each element of the corresponding family (weighted 1 to 5) need to
be allotted.

Table 6. Levels of OHS risk management maturity [32].

Type Level of Maturity Definition

Single-loop
learning

1 Naïve The company learns little from its errors and is
not conscientious with regard to OHS.

2 Reactive
The company learns from its errors but lacks
formalized and standardized methods for
managing situations at risk.

3 Standard

The company learns from its errors and has a
formalized and standardized risk management
process intended to avoid repetition of
problems.

4 Proactive
The company carries out continued analysis
and evaluation of OHS performance and
responds in order to reduce or eliminate risks.
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Table 6. Cont.

Type Level of Maturity Definition

Double-loop
learning 5 Ameliorative

The company is continually improving its
management of OHS risks. It has well-rooted
OHS values, strategy, standards and
methodologies in place.

5. Discussion

The first and principal goal of this research was to compile a list of measurable indicators of
OHS risk management maturity that can be used in SME context. In view of the small number of
studies focused on the SME context, we broadened the search criteria to include research articles
and international standards that are not limited to this type of company. In fact, very few authors
even specify what scale of business is the focus of their work. Furthermore, the literature retrieved
is not limited to any particular sector or field of activity. The diversity and the comprehensiveness
of the documents on which we based our research thus revealed both positive and negative aspects
associated with evaluation of the risk management maturity of businesses in general.

Although the relevant indicators chosen are used in different industrial fields and for different
sizes of business, we compiled our list with the intention of avoiding redundancy as much as possible
and keeping those that can be used by SMEs. A measurable proactive indicator of risk management
maturity should rest on a solid theoretical base. The context of use must also be taken into consideration
in order to choose the most appropriate indicators. Choosing the indicators best adapted to the SME
context is particularly challenging.

The second goal of this research was to develop a preliminary model of risk management maturity
measurement based on the compilation of the selected indicators. These were grouped into four
families with supporting examples of possible means of quantitative measurement. We consider the
integration of indicators associated with good practices in prevention to represent true added value in
the proposed model.

Limitations of this Research

To begin with, the developed list of OHS risk management maturity measurable indicators is
not exhaustive. The limitations of the qualitative aspect of the proactive indicators also need to be
considered. Both their implementation and their use are subject to major constraints. Next, it must be
noted that the preliminary model developed suggests no particular formula either for weighting or for
quantifying the indicators. This choice will give more flexibility to researchers and practitioners to
develop mathematically supported tools specific to them and according to their vision. In this case,
experts will be more able to adapt the proposed model to their context. Appropriate tools for enabling
the indicators (e.g., a questionnaire) remain to be identified. Model examination and validation in the
SME context will require case studies, after completing the development of the supporting mathematics.
Validation will be possible only insofar as sufficient amounts of data are collected and found reliable
based on validated tools and found to reflect accurately the reality of the risk management practices of
the SMEs involved in the exercise.

Since this study is one of the first to look into how OHS risk management maturity could be
evaluated in small-to-medium-sized industrial enterprises, several complementary studies are being
planned in order to explore this research theme in the depth that it warrants, which will be only
beneficial to the cause of preventing occupational injuries in several industrial sectors in Québec.

Finally, Web of Science (Clarivate Analytics) has not been used in this work.
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6. Conclusions

This research was focused primarily on compiling a list of measurable indicators suitable for
evaluating OHS risk management maturity specifically in small-to-medium-sized industrial enterprises.
The integration of this list into a model of maturity measurement or evaluation represents value added
to this review of the literature.

Concepts, methods, tools and models of risk management maturity (or performance) evaluation
were analyzed in order to identify the most relevant measurable indicators. These indicators were then
used to develop the framework for a preliminary model adapted for use in SMEs.

In spite of the limitations of its findings, the research undertaken here is a significant step towards
helping managers of SMEs develop an in-house tool at minimal cost in support of their quest to
improve their OHS performance.
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