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Complex arguments continue to be articulated regarding the theoretical foundation of health and safety
management system (HSMS) performance measurement. The culmination of these efforts has begun to
enhance a collective understanding. Despite this enhanced theoretical understanding, however, there
are still continuing debates and little consensus. The goal of the current research effort was to empirically
explore common methods to HSMS performance measurement in mining organizations. The purpose was
to determine if value and insight could be added into the ongoing approaches of the best ways to engage
in health and safety performance measurement. Nine site-level health and safety management profes-
sionals were provided with 133 practices corresponding to 20 HSMS elements, each fitting into the plan,
do, check, act phases common to most HSMS. Participants were asked to supply detailed information as
to how they (1) assess the performance of each practice in their organization, or (2) would assess each
practice if it were an identified strategic imperative. Qualitative content analysis indicated that the
approximately 1200 responses provided could be described and categorized into interventions, organiza-
tional performance, and worker performance. A discussion of how these categories relate to existing indi-
cator frameworks is provided. The analysis also revealed divergence in two important measurement
issues; (1) quantitative vs qualitative measurement and reporting; and (2) the primary use of objective
or subjective metrics. In lieu of these findings we ultimately recommend a balanced measurement and
reporting approach within the three metric categories and conclude with suggestions for future research.

Published by Elsevier Ltd.
1. Introduction

Health and safety management systems (HSMS) are broadly
characterized as a set of institutionalized, interrelated, and inter-
acting elements strategically designed to establish and achieve
occupational health and safety (H&S) goals and objectives (ANSI/
AIHA Z10, 2012). The goals and objectives of HSMS activities center
on occupational injury, illness, and loss prevention. Numerous con-
sensus standards provide guidance across industrial sectors as to
the types of activities important for inclusion in an organization’s
HSMS (e.g., ANSI/AIHA Z10-2012; British Standards Institute,
2007; U.S. National Mining Association’s [NMA] CORESafety).
Although HSMS frameworks offer varying types and numbers of
elements, each system is grounded in the now institutionalized
Deming/Shewhart plan-do-check-act cycle (Haight et al., 2014).
In addition, they each include activities designed to develop an
organization’s internal infrastructure in order to enhance the
effectiveness of the activities within the cycle (e.g., employee
involvement, leadership, organization and allocation of resources,
etc.).

HSMS performance measurement and monitoring activities
are used to determine whether the system is functioning as
designed and to help evaluate the system’s overall effectiveness
(ANSI/AIHA Z-10, 2012). Performance indicators are the funda-
mental building blocks to the measurement and monitoring
process of an HSMS. The information provided via performance
indicators can be used to facilitate strategic H&S management
decision-making and the implementation of appropriate risk
management actions on behalf of the organization. However,
theorists and researchers continue to debate the theoretical and
practical perspectives of occupational HSMS performance mea-
surement. This issue was recognized as early as when Petersen
(2001) stated ‘‘Measuring the effectiveness of an organization’s
safety system has been a particularly difficult problem for all
organizations” (p. 54). Indications that HSMS performance mea-
surement remains a current concern can be gleaned from more
recent publications. For example, Juglaret and colleagues (2011)
argued that, although HSMS is an established tool to manage
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occupational safety and health, how to effectively measure the
performance and control of these systems remains a question
in the literature. In response to the lack of empirical guidance
regarding HSMS performance measurement, health and safety
managers were asked how they commonly measure HSMS effec-
tiveness via a variety of practices. This paper reports on common
performance measures utilized by a sample of health and safety
managers of mining organizations and, based on the data, pro-
poses a new HSMS performance measurement framework that
can be used to assess the performance of occupational health
and safety initiatives.
2. Literature review

To date, there appears to be little consensus among researchers
and practitioners in regard to the terms used to categorize the
types of performance indicators used to assess the effectiveness
of HSMS elements and practices (e.g. Körvers and Sonnemans,
2008; Laitinen et al., 2013; Reiman and Pietikäinen, 2012). Several
indicator frameworks exist in the literature however, and most
adhere to the leading/lagging indicator typology.
2.1. A brief review of performance indicator categorizing frameworks

Several indicator frameworks are similar in practice but utilize
different terms to describe their areas of focus. For instance,
Körvers and Sonnemans (2008) and Laitinen et al. (2013) synony-
mously refer to proactive/reactive indicator types. They argue that
proactive indicators can be subcategorized as either predictive or
monitoring. Predictive proactive indicators supply information on
the types of managerial actions that have been taken to reduce
workplace risk. Monitoring proactive indicators include H&S
related outcomes observed prior to the occurrence of a major
incident such as small releases of hazardous substances or near
misses, the results of safety inspections and behavioral observa-
tions, the results of safety audits, and safety attitudes. In a
similar argument, Laitinen et al. (2013) suggest that the proactive
activity indicators capture the managerial activities being done in
organizations (e.g., number of audits completed; number of
workers trained). They describe proactive activity metrics as
indications of what activities are being done in the organization
rather than information about the results of those activities. In
contrast, proactive outcome indicators, such as personnel
knowledge, focus on results and observable outcomes rather than
mere activities.

Similarly, Reiman and Pietikäinen (2012) suggest that perfor-
mance indicators could be categorized as lag outcome, lead monitor
indicators, and lead drive indicators. They indicate lag outcomes do
not merely capture harm associated with traditional lagging indica-
tors but capture information related to the temporary end result(s)
of a continuous process. Lead drive indicators reflect the workplace
activities aimed at improving safety and include, for example, mea-
sures of supervisory activity and practices related to physical haz-
ard control. They are ‘‘measures of the fulfillment of the selected
safety management activities” (p. 1995). Lead monitor indicators
measure the potential of the organization to achieve safety and
include measures related to worker safety motivation, awareness,
and knowledge.

As is evident from the brief review, despite varying terminolo-
gies, most theoretical categories integrate the leading/lagging indi-
cator typology. This framework is most prevalent in mining as well
(Industrial Council on Mining & Metals, 2012). Therefore, we focus
on the nuances of this framework in the subsequent sections as
well as potential drawbacks of applying such measures in a mining
environment.
2.2. Limitations of current indicator frameworks

The terms leading and lagging originated within the economics
discipline as a way to describe key indicators of economics and
business cycle performance over time-dependent phases (Diebold
and Rudebusch, 1994; Shishkin, 1961). Perhaps because of the
introduction and widespread acceptance of HSMS and its cyclic
similarity to economic and business cycles, the leading/lagging
and related terms (e.g., proactive/reactive; leading/trailing;
upstream/downstream) were adopted to help identify and describe
the types of indicators important to assess the effectiveness of
HSMS performance.

Given the appeal and seeming utility of the leading/lagging indi-
cator categories, numerous efforts have been undertaken to
develop the theory and application underpinning the framework.
Strictly based on their definitions, lagging indicators represent
information related to significant safety incidents such as injuries,
illnesses, and major property losses, while leading indicators can
conceptually span the plan, do, and proactive checking phases of
the management system cycle. The purpose of leading indicators
is to understand and manage the organizational circumstances
thought to precede undesired occupational H&S outcomes
(International Council on Mining and Metals, 2012). With the
exception of Körvers and Sonneman’s (2008) discussion related
to predictive proactive indicators, however, most work on leading
indicators seems to neglect management practices related to the
risk management planning phase of the system cycle. This suggests
that indicator frameworks grounded in the leading/lagging nuance
may not be optimally positioned to assess the actual effectiveness
of the full breadth of HSMS activities that take place before and
after the occurrence of occupational injuries (i.e., practices
involved with preventing and investigating safety incidents and
implementing corrective actions) or management review activities.

Additional limitations of the leading/lagging terms have been
articulated (e.g., Janicak, 2011; Juglaret et al., 2011; International
Council on Mining and Minerals, 2012; Wachter, 2012; Reiman
and Pietikäinen, 2012; O’Neill et al., 2013; Payne et al., 2009;
Hale, 2009; Hopkins, 2009). First, an imprecise link between the
two terms has been noted. One of the more practically beneficial
features of the leading/lagging framework centers on the premise
that assessing and managing well-chosen leading indicators mini-
mizes the potential for poor performance as assessed through lag-
ging indicators. The most effective leading indicators within an
organization can then be determined through rank order of the
magnitude of the correlations (presumably negative) linking the
list of leading indicators to the identified lagging indicators.
Although attractive theoretically, in practice there are complex
causal pathways between leading and lagging indicators as well
as time-lagged linkages (Janicak, 2011; International Council on
Mining and Minerals, 2012; Wachter, 2012; O’Neill et al., 2013).

This complex causal pathway argument is consistent with the
idea of statistical moderation—i.e., the relationship between two
variables is contingent upon the level of a third, perhaps unidenti-
fied, variable. Because the possible moderating contingencies
within an organizational context are numerous, this argument sug-
gests that it may be difficult to make strategic decisions regarding
HSMS activities merely based on the correlation between the lead-
ing and lagging indicators chosen—especially in the case of a null or
small correlation between them. Relatedly, in some cases, the
effect of leading on lagging indicators may take time to actualize;
some have suggested years perhaps (Wachter, 2012). This, again,
increases the difficultly and imprecision of strategic management
decision-making through the use of leading/lagging indicator corre-
lations (i.e., how long should a leading indicator with no observable
effect be tracked and managed before new indicators are chosen
and the stopwatch starts again?). These issues may be one reason
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why Laitinen and colleagues (2013) suggested that ‘‘a lack of effec-
tive proactive indicators is probably the single biggest problem
faced in occupational safety and health management today”
(p. 69).

Second, many have argued that the leading/lagging terms do not
sufficiently capture the complexity of the phenomena of organiza-
tional health and safety. For example, given that system lagging
indicators often shape leading indicators, ideas of reverse causation
have been articulated between the two terms (i.e., leading indica-
tors can lag behind lagging indicators just as lagging indicators
hypothetically lag behind leading indicators). More specifically,
Payne et al. (2009) suggested that the occurrence (or non-
occurrence) of occupational accidents and injuries can shape per-
ceptions of safety climate. Based on a literature review, the authors
indicated that safety climate—a traditional leading indicator—can
also be viewed as a lagging indicator. They argued that positioning
safety climate as a lagging indicator recognizes the ‘‘continuity of
understanding that employees have regarding safety in the work-
place” (p. 738). The authors concluded that, ‘‘Safety climate is both
a leading and a lagging indicator of safety-related events, which
should continue to be recognized in the safety literature” (p.
738). Based on this line of reasoning, traditional leading and lagging
indicators seem to be involved in a complex pattern of interdepen-
dence that is difficult to disentangle.

2.3. Alternative indicator frameworks

There has been at least one effort to develop an indicator frame-
work void of the leading/lagging nuances. Juglaret et al. (2011)
suggested that because HSMS are made up of numerous interacting
sub-processes, or elements (e.g., change management, leadership
development, contractor management, emergency preparedness,
etc.) that comprise a unitary cycle, indicators should simply be
selected to provide information on the distinct effectiveness of
each. Juglaret et al. (2011) suggests that this approach may provide
a more specific list of potential performance indicators which
could, in turn, allow for the improved monitoring of each of the
sub-process activities within the system. They further argue that
performance knowledge corresponding to each of the system’s
sub-processes allows for precise and focused alterations which
can be used to consciously improve overall system performance.
Fig. 1. Organization of CORESafety’s 20 elements
2.4. Research objectives

Given the lack of consensus regarding a critical aspect of H&S
management, the current research set out to empirically explore
the types of performance indicators currently being used in mining
organizations using the approach proposed by Juglaret et al.
(2011). We sought to answer the following research questions
based on data collected from mine health and safety managers:

� What performance measures are being used by mining practi-
tioners to measure HSMS effectiveness?

� What performance indicators cover the breadth of the P-D-C-A
cycle?

� Based on the above results, what are the possible barriers and
solutions involved with the practice of HSMS performance
measurement?

3. Methods and materials

3.1. Survey instrument framework and development

A survey was designed to elicit textual data to explore the
research objectives presented above. The survey, approved by the
NIOSH Institutional Review Board, included a list of HSMS ele-
ments and practices and requested that participants provide infor-
mation regarding optimal ways to measure the effectiveness of
each practice, within each element. Given the mining-specific con-
text of the current investigation, the U.S. National Mining Associa-
tion’s (NMA) CORESafety HSMS was used to inform the empirical
investigation. The NMA CORESafety HSMS is comprised of 20 dif-
ferent elements to address the specific risks and hazards associated
with mining (NMA CORESafety Handbook, nd). The NMA CORESaf-
ety handbook indicates that the 20-element system is consistent
with the ANSI/AIHA Z-10 and OHSAS 18001 consensus standards
and aligns its 20 elements under the traditional HSMS cycle as
shown in Fig. 1.

The committee responsible for the development of NMA CORE-
Safety HSMS developed a list of specific management practices cor-
responding to each of the 20 elements shown in Fig. 1. This HSMS
framework informed the development of the survey for the current
study for several reasons. First, CORESafety is a recently developed
under the generalized HSMS system cycle.



Table 1
Example health and safety practices and corresponding elements included within the survey.

Element Practice examples

Behavior optimization � Educate employees as to the causes of safe and unsafe behavior
� Encourage employees to intervene when they see a co-worker behaving unsafely
� Ensure that employees’ behavior is consistent with the critical behavior inventory
� Ensure that employees’ behavior is consistent with SOPs

Work procedures and
permits

� Develop standard operating procedures (SOPs) for routine jobs from job risk assessments
� Develop SOPs for non-routine, repeatable jobs from job risk assessments
� Implement a work permit procedure for high-risk work
� Review SOPs often and update when needed

Change management � Define operational changes which require site leadership review (e.g. changes in process, equipment, physical environment,
procedures, etc.)
� Conduct risk assessments on proposed changes
� Communicate changes to employees and contractors
� Conduct pre-start-up safety reviews after changes are complete

Training and competence � Conduct training needs assessments
� Develop and deliver job specific training programs to new employees
� Develop and deliver job specific training programs to employees transferring to different jobs
� Develop and deliver ongoing refresher training

Occupational health � Conduct industrial hygiene exposure assessments
� Communicate health hazard assessments to employees in a timely manner
� Utilize continuous industrial hygiene monitoring where appropriate
� Implement medical surveillance for employees where appropriate

Leadership development � Develop and communicate H&S leadership competencies for site leadership
� Develop and offer H&S leadership development training programs
� Require that site leadership develop personal development plans which include H&S metrics
� Tie personal development plans to the performance management system
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HSMS, meaning the content was deemed important and currently
applicable for health and safety management in mining organiza-
tions. Second, CORESafety was developed in collaboration among
mining stakeholders. As a result, mine organizations throughout
the United States utilize this framework at a site-level. Last, this
framework contained more specificity regarding the elements
and practices advocated than alternative HSMS, allowing us to
ask participants to provide examples of performance measurement
around a more exhaustive list of health and safety management
practices.

Generally, one CORESafety HSMS element is comprised of five
to nine practices. We included all 20 elements and each of the
practices that corresponded to the elements, which totaled to
133 complementing practices. These 133 practices, categorized
under their respective elements, were compiled and provided to
each participant. Corresponding to each of the 133 practices pro-
vided, each participant was asked the open-ended question, ‘How
do you measure the performance (i.e., effectiveness) of each of the fol-
lowing practices in your organization?’. Participants were allotted a
text box for each practice provided to type their feedback about
how they measure performance. Table 1 provides examples of
practices within various elements in which participants were
asked to provide metrics throughout the survey. A list of the com-
plete 133 practices that were used in the survey to probe perfor-
mance measurement is available in the CORESafety handbook
(coresafety.org).

However, we also acknowledged that not all participants may
have implemented the full 20-element, 133 practice HSMS, even
if they were aligned with the management strategy. Given the pos-
sibility that some of the practices provided were not identified as a
strategic imperative within a particular participant’s organization,
the single question previously posed was qualified with: ‘If you do
not currently use the practice within your organization, please provide
your opinion as to the best possible metric for the given practice.’

The survey also asked participants to rate the degree to which
each of the 20 elements and 133 practices is essential to prevent
accidents and injuries. Participants were asked to rate each ele-
ment and practice on a scale from one to five. These quantitative
results, which informed the ‘‘most essential” HSMS elements and
practices, are reported elsewhere (Yorio and Willmer, 2015). The
qualitative performance indicators provided by participants were
the focus in the current study and were qualitatively analyzed in
an effort to further understand and organize HSMS performance
measurement in this context.
3.2. Recruitment and sample

A convenience sampling approach was used to recruit subject
matter experts at operating U.S. mine sites (i.e., practicing execu-
tives, managers, and professionals) (Miles and Huberman, 1994).
Potential participants were identified via their publicly available
affiliation with the CORESafety or similar HSMS framework. Once
identified these individuals were contacted for participation.
Recruitment occurred consistently and was ongoing between June
2013 and June 2014. Individuals were contacted via personal tele-
phone and email communications from our personal contacts data-
base. Although it took varying amounts of time for individuals to
respond to queries, eventually every individual who was contacted
either agreed to participate or identified someone within the orga-
nization who would be more appropriate to complete the survey
questions.

Upon expressing interest, potential participants were e-mailed
a secure internet link to access the survey. Before consenting to
participate, we assured each individual that their demographic
information and the mine’s specific demographic information
would be kept private. After opting to participate via a consent
page, participants could access and complete the survey. Partici-
pants could break from completing the survey and pick up where
they left off at a later time so they could critically consider each
element and practice presented. In general, the survey took partic-
ipants approximately two hours to complete. The sample (n = 9)
included experienced individuals who were identified as health
and safety managers/professionals for their specific mine organiza-
tion and responsible for developing and implementing their HSMS
at a site-level. Among the nine participants, they represented an



Table 2
Example of behavioral observations as a common performance indicator across practices and elements.

HSMS element & participant HSMS practice Examples of performance indicators provided by participants to
assess the respective practice

Behavior optimization, participant 3 Ensure that employees’ behavior is consistent with the
critical behavior inventory

‘‘Document that an observation checklist is used on incidents at the
operation and is used for employee observations.”

Behavior optimization, participant 5 Ensure that employees’ behavior is consistent with SOPs ‘‘Job safety observation. Use SOPs for ‘job-specific’ observations.”
Work procedures & permits,

participant 4
Develop SOPs for routine jobs from job risk assessments ‘‘Job observation to determine if SOP is used and followed.”

Work procedures & permits,
participant 5

SOPs contain warnings about the potential
consequences of deviation

‘‘Observation of employees if a warning is in place and
acknowledged.”

Contractor management, participant 5 Ensure contractor work adheres to compliance
obligations

‘‘Regularly scheduled inspections/job observations.”

Leadership development, participant 6 Develop and communicate H&S leadership
competencies for site leadership

‘‘Observation of behaviors.”

Safety accountability & responsibility,
participant 5

Use positive reinforcements (carrots) specific to
individual employee S&H roles and responsibilities

‘‘Observe for increased safety behaviors and compliance.”

Safety accountability & responsibility,
participant 3

Provide employees with the tools and equipment
needed to fulfill their S&H roles and responsibilities

‘‘Evidence from observations or injury reports to determine if lack of
proper tools & equipment is a factor in injuries or risks.”
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even distribution from underground coal, surface coal, and metal/
non-metal mining operations.

Recruitment was ongoing until an appropriate sample size
was reached to answer the research questions. In the current
study, the Delphi technique was used to initially recruit an
appropriate sample. The Delphi method is a technique used to
determine if consensus in expert opinion exists on a particular
issue (Hasson et al., 2000). This technique has been used in
previous health and safety research to refine and/or condense a
large body of information. For example, Donaldson et al. (2013)
used this method to identify health and safety management
system practices most applicable to sports management organi-
zations and Hardison et al. (2014) used this method to prioritize
supervisor competencies for effective site safety. Due to the
related nature of the data, this method was deemed appropriate
to assess the similarities and differences of these data as it was
received. Additionally, an examination of the data revealed that
qualitative saturation of the feedback was occurring early in
the responses, with similar information being provided by partic-
ipants (Corbin and Strauss, 2008). Data was repetitive and
themes could be clearly distinguished by the time the ninth data
set was reviewed. At this point the researchers determined a
sample size of 9 was appropriate for the exploratory analysis
and recruitment ended.

3.3. Data analysis

The responses were considered using a qualitative content
analysis approach. Qualitative content analysis (QCA) subjec-
tively and formatively interprets the ‘‘content of text data
through the systematic classification process of coding and iden-
tifying themes or patterns” (Hsieh and Shannon, 2005, p. 1278).
More specifically, QCA is a method that helps systematically
describe and categorize qualitative material – which is classified
around a categorizing coding framework that emerges from the
data during initial analysis (Schreier, 2012). QCA was deemed
an appropriate data analysis method because this approach
allows for intense focus on selected aspects of the data which
in this case, were the types of the performance measures pro-
vided by participants among the various HSMS practices. The
sense-making process involved in the QCA helped us identify
core meanings in the data and understand the realities of the
HSMS experts in a subjective, scientific manner (Patton, 2002;
Berg, 2001). For more information about QCA as a data analysis
method, refer to Krippendorff (2007). The analysis steps are
detailed below.
3.3.1. Initial and focused coding by HSMS element
A primary document that contained all of the survey responses

was saved in ATLAS.ti.7 to display, browse, organize, and eventu-
ally code the textual data into specific groups and categories. We
coded the data together in order to discuss and resolve any dis-
crepancies immediately. Working together also ensured consis-
tency of the coding, the development of coding categories, and
the definitions and rules for assigned codes (Weber, 1990). First,
an initial coding of the textual data, in which each piece of text
was read word by word (Charmaz, 2006) allowed us to account
for each performance indicator that participants provided within
each of the 20 HSMS elements. In total, we coded 1215 responses
as part of the analysis process because some participants provided
more than one performance measurement for a practice provided.

Next, we used a focused coding approach to begin identifying
potentially useful concepts provided in response to each HSMS
practice (Charmaz, 2006). During focused coding, we used the con-
stant comparative method (Glaser and Strauss, 1967; Strauss,
1987; Glaser, 1992) to reflect on each performance indicator, refine
performance indicators that continued to emerge across the sur-
vey, and further examine whether certain indicators were similar
to one another that appeared in a different element throughout
the survey responses. During this process we began to collapse
the performance indicators across the practices within each ele-
ment, and across the elements. As Table 2 illustrates, during
focused coding, various specific performance indicator categories
surfaced that were applicable across numerous HSMS elements.
The table shows that participants’ suggested the results of behavior
observations could provide performance information regarding the
practices included across a variety of the HSMS elements, includ-
ing, but not limited to: Behavior Optimization, Work Procedures
and Permits, Contractor Management, Leadership Development,
and Safety Accountability and Responsibility.

3.3.2. Refining performance indicators and indicator categories
We continued to apply the constant comparative method to

more systematically compare and understand the theoretical prop-
erties and purposes of each performance indicator pattern that
emerged in the data. This phase was particularly important to help
prevent drifting into an idiosyncratic sense of what the indicators
meant with respect to each HSMS element (Schilling, 2006).
Rather, we were able to remain open to the performance indicator
data, apart from the elements. As we continued to code and ana-
lyze the indicators, it became possible to begin linking specific
indicators together around central categories (Glaser and Strauss,
1967). Specifically, similar performance indicator trends emerged



Table 3
Results of the 22 performance measurements and their respective indicator
categories.

Indicator category 22 Specific performance measurements

Interventions Number of communications and meetings
Number of investigations and reviews
Number of corrective actions completed
Number of disciplinary actions taken
Number of risk management studies (e.g., hazard
inspections and audits)
Number of hazards or suggestions reported
Number of medical surveillance or substance abuse
testing activities
Number of behavioral observations
Number of rewards allocated or withheld
Amount of training (frequency, hours)
Workforce participation information (rates, count)
Number of interviews that probe H&S issues
Number of surveys that probe H&S issues

Organizational
performance

Number of and type of citations/compliance rates
Number of and types of injuries and illnesses
Number of and types of near misses
Results of root cause analysis of injuries and illnesses
Results of behavior observations
Results of performance evaluations
Results of medical surveillance or substance abuse
testing activities
Results of risk management studies (e.g., hazard
inspections and audits)
Results of workforce H&S knowledge assessments
Interviews that probe performance
Surveys that probe performance

Worker
performance

Number of and type of citations/compliance rates
Number of and types of injuries and illnesses
Number of and types of near misses
Results of root cause analysis of injuries and illnesses
Results of behavior observations
Results of performance evaluations
Results of medical surveillance or substance abuse
testing activities
Results of H&S knowledge assessments
Interviews that probe performance
Surveys that probe performance
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throughout participants’ responses to each of the 133 practices
provided in the survey. Upon coding all of the performance indica-
tors discussed for each practice, by each participant, we were able
to clearly distinguish and group some of these key indicators
across participants and their respective HSMS.

Throughout the process of content analyzing, coding, and fur-
ther comparing and contrasting the performance measurements
provided for each of the 133 practices, we identified and narrowed
the list of over 1200 performance measures to 22 unique indica-
tors. Upon identifying these 22 overarching indicators, we re-
reviewed the results of our coding to characterize measurement
and methodological patterns among the 22 indicators (Charmaz,
2006). These 22 unique performance indicators (listed in Table 3)
are further discussed in the results section as they relate to specific
measurement methods for assessing HSMS effectiveness.
4. Results

Results are reported based on the themes and patterns that
emerged throughout the data. Individual responses are not
reported in an effort to protect the anonymity of participants.
However, because the primary goal of this study was to better
understand the types of effective performance indicators being
used to assess an HSMS, noting the primary responses and trends
within the data is the most useful tactic for answering the research
objectives.
4.1. A new categorizing framework

Although the purpose of the current study was to identify meth-
ods that mine health and safety managers use to assess the effec-
tiveness of their HSMS, a closer examination of these
performance indicators also supports the exploration of a new
framework for HSMS performance measurement. Upon completing
the final phase of the analysis – further analyzing and categorizing
the 22 performance indicator types – three general types of perfor-
mance measurements emerged. These three overarching perfor-
mance measures ultimately revealed a new categorizing
framework: organizational performance, worker performance, and
interventions. All 22 performance indicators that surfaced during
the analysis fit within these three categories (Table 3).

4.1.1. Organizational and worker performance
Organizational performance and worker performance emerged as

two primary indicator categories, each encompassing eleven of the
measures that could be used to evaluate the individual and/or the
organizations’ performance. Participant responses suggested that
worker performance was measured through information related
to, for example, the results of behavioral observations, and assess-
ments of health and safety knowledge through tests, standardized
performance evaluations, or the results of medical surveillance.
From an organizational performance perspective, measures pro-
vided included the results of root cause analyses, hazard inspec-
tions and audits, and the number of injuries and illnesses within
the organization.

The examples of organizational and worker performance indica-
tors outlined above and in Table 3 are designed to answer ques-
tions such as ‘are workers behaving safely?’; ‘do workers have
adequate H&S knowledge?’; and ‘is the workplace free from haz-
ardous conditions?’. Thus, as opposed to only tracking the number
of, for example, hazard inspections, these indicators may help pro-
vide a more in-depth picture of conclusions based on results of
such inspections.

4.1.2. Interventions
Interventions also emerged as a distinct indicator category that

focused on the application of activities to measure performance.
This category encompassed the types of specific measures related
to the number of focused HSMS-related activities that take place
within the organization. Thirteen specific performance measures
were included within the interventions category. These consisted
of specific activities that could be prompted by organizational
leaders, managers, supervisors, or workers and included, for exam-
ple: the number of disciplinary actions taken, the number of haz-
ard inspections and audits performed, the number of behavior
observations, the amount and type of training provided, and the
number of corrective actions completed. Participant feedback sug-
gests that intervention performance indicators could be used to
assess the full range of elements within the HSMS system cycle.

The intervention activities had less to do with the outcomes or
the evaluation of specific activities. Rather, interventions, as dis-
cussed in the survey responses, captured the number/frequency/
amount of health and safety actions/behaviors executed within
the organization. For instance, participants noted that communica-
tion with workers could vary on topics from informing new rules to
correcting an unsafe behavior observed on site. In this case, the act
of communicating/meeting/reviewing with workers is the action/
behavior executed by organizational leaders. Also, participants
noted that the number of hazards or health and safety suggestions
from the workforce could be used as an indicator of effectiveness
for various elements within the HSMS. In this case, a specific form
of worker health and safety behavior is tracked as an intervention
rather than merely actions prompted by management.
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5. Discussion

The three performance indicators, interventions, organizational
performance, and worker performance, share similarities to aspects
of current literature; however, there are also important differences.
The following sections discuss overlap, differences, and strengths
in comparison to other indicator frameworks.
5.1. New organizing framework’s overlap with other indicator
frameworks

On its face, the three indicator categories found in the current
empirical exploration share commonalities with aforementioned
frameworks. For example, predictive proactive indicators (Körvers
and Sonnemans, 2008), proactive activity indicators (Laitinen
et al., 2013), and lead drive indicators (Reiman and Pietikäinen’s,
2012) share commonalities with the interventions indicator cate-
gory that emerged in the current study. All capture the frequency
or number of specific types of activities designed to achieve safety
and health within the organization. Also, the monitoring proactive,
proactive outcome, and lead monitor indicators proposed in previ-
ous frameworks share similarities with the organizational and
worker performance indicator types found in the current study in
that they all provide information related to levels of safety perfor-
mance or glimpses into the current state of safety within the orga-
nization. A closer look within the indicator types, however, reveals
subtle differences that illuminate the strengths of the proposed
framework.
5.2. Possible strengths of the three indicator categories

First, the major difference between previous categorizing
frameworks and the categories found in the current study is that
they do not integrate the leading/lagging nuances. In this way, the
categories are not prone to limitations associated with the use of
these terms and are consistent with previous arguments
(Hollnagel, 2004; Dekker, 2005; Reiman and Pietikäinen, 2012)
that suggest the leading/lagging framework may not optimally cap-
ture the nature of health and safety as an emergent property of the
entire organizational system. In contrast, the current indicator cat-
egories are neither explicitly categorized based on time nor cau-
sally related to any other general or specific indicator category.
Therefore, one category should not be understood to precede
another as in a causal framework.

Of course, even given this framework, theories and hypotheses
of causation can still be made between and within the indicator
categories. However, freeing the category definitions from explicit
causation hypotheses also eliminates the problem of reverse cau-
sation that can be argued for nearly any hypothesized time-
dependent, causal pathway. In a sense, then, every general indica-
tor category, along with all of the associated specific performance
indicators are needed to provide a snapshot picture of the state of
safety and health in the organization—thereby acknowledging the
complexity with which organizational safety emerges. Thus, the
three indicators that emerged in this analysis support a ‘‘systemic
and dynamic view of organizational safety” (Reiman and
Pietikäinen, 2012, p. 1994) in that they provide a collective view
of how the HSMS is operating at a certain point in time and guid-
ance in what aspects of the entire system need improved.

Further, because the NMA CORESafety HSMS incorporates ‘em-
ployee involvement’ practices within many of its elements, the
interventions category uncovered in the current study explicitly
includes activities prompted by people who hold positions within
each of the levels of the organization (i.e., from top organizational
leaders to front-line supervisors and workers). This stands in
distinction from the predictive proactive, proactive activity, and lead
monitor indicators which are theoretically designed to measure
managerially-driven activities. This nuance may seem trivial, but
as the importance of employee involvement has been noted in
nearly all HSMS consensus standards and applicable performance
indicator categories, may be increasingly critical in HSMS
effectiveness.

On a more practical level, the proposed categorizing framework
may contribute to the advancement of HSMS performance mea-
surement while helping to somewhat cognitively simplify the
assessment process. Given that each of the categories that emerged
span across activities included in each phase of the HSMS Plan-Do-
Check-Act cycle, these three indicator types could be used contin-
uously and interdependently to monitor, for example, the perfor-
mance of risk management planning activities as well as
management review and incident investigation activities (i.e.,
activities that occur prior to and after safety incidents). Further,
reducing measurement efforts from hundreds to 22 specific met-
rics significantly helps reduce data overload and may enhance
the quality of data analysis and decision-making on behalf of
health and safety managers (Podgórski, 2015; Hwang and Lin,
1999).

Another strength of the current results indicate that the new
indicator categories may enhance practitioners’ propensity to fol-
low the Plan-Do-Check-Act (P-D-C-A) cycle when choosing perfor-
mance measures for HSMS activities. To illustrate how
practitioners can begin choosing performance indicators that
may be appropriate for a specific activity within their P-D-C-A
cycle, we use activities associated with safety climate and/or its
enhancement as an example of a specific health and safety man-
agement activity. We use these climate enhancement activities
as an example based on participants’ discussion of surveys as a
useful metric and also due to the arguments in the literature for
safety climate as both a leading and lagging performance indicator.
As illustrated in Fig. 2, the use of all three indicator categories is
applied when determining and responding to an organization’s
safety climate or enhancement. The intervention indicators help
measure and evaluate goals associated with the planning phase
of understanding and measuring safety climate as part of an HSMS
activity (i.e., behavioral observations), as well as those associated
with evaluating the activity goals related to results of a safety cli-
mate assessment including follow-up corrective actions, and man-
agement reviews (i.e., number of corrective actions completed).
Similarly, organizational and worker performance indicators capture
the results/outcomes of activities that span all of the phases of the
cycle.

Therefore, within each indicator category, practitioners can look
at the specific performance indicators and choose ones that are
aligned with their current stage of the health and safety manage-
ment process. This step helps practitioners ensure they are pro-
gressing through the complete P-D-C-A cycle and not overlooking
necessary planning or response to prevent or mitigate a health/
safety issue. In other words, this process of aligning indicators
and activities within the cycle helps ensure balance and represen-
tation while helping to minimize data overload by using too many
metrics at an inopportune stage of a specific activity.

5.3. Areas of divergence among participant responses: the need for
balanced and representative measurement

Revealing these three categories and respective indicators is
only part of the challenge to HSMS performance measurement.
As observed in the current study and consistent with previous
research, a critical need also includes guidance and measurement
criteria that can be used to assess and improve performance
(Robson and Bigelow, 2010; Robson et al., 2012; Podgórski,



Fig. 2. Use of specific performance indicators within three categories to engage in safety climate activities across P-D-C-A cycle.
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2015). Although similarities across participant responses allowed
for the development of the three primary indicator categories,
two primary, interrelated differences were noted: (1) objective
versus subjective metrics; and (2) quantitative versus qualitative
measurement. These results suggest a need for (1) the value of bal-
ancing the use of both quantitative (e.g., the number of safety
audits conducted or corrective actions provided) and qualitative
performance indicators (e.g., results of safety interviews); and (2)
the importance of objective measurements but also not neglecting
subjective assessments when using performance indicators. Fig. 3
illustrates how a mixture of measurement methods and objective/-
subjective indicators can be consciously integrated into an HSMS
performance management program.

5.3.1. Quantitative vs qualitative measurements
First, the results of the current analysis support a consistent and

balanced use of both quantitative and qualitative measurement
methods. In other words, it should be a best practice to both
numerically represent and describe when it comes to interpreting
and following through on performance measurement. As numeric
representations can facilitate ease in reporting, they are often lim-
ited by a lack of context (e.g., the nature or severity of hazards
found and/or the process complicating circumstances). Relying
only on numeric representations of performance can, in some
cases, lead to overlooking important mitigating and/or process
complicating circumstances which may be the key to determining
and correcting root causes to poor HSMS performance.

Further, although a quantitative measurement can be used to
reveal causal relationships, HSMS performance information
derived through qualitative methods can help understand the
more intangible and tacit aspects of the HSMS including attitudes,
beliefs, and behaviors (International Council on Mining and Metals,
2012). For example, referencing the example earlier, Fig. 3 depicts
performance indicators that may be used to directly assess safety
climate or the activities associated with its enhancement. As
shown, these indicators represent a mix of qualitative and quanti-
tative measurements. In the planning phase, qualitative behavioral
observations to inform the development of a survey would be
appropriate, followed by the distribution and analysis of the survey
data, a quantitative measurement. Moving into the action phase of
the cycle, engaging in increased training or corrective actions could
be both quantitative and qualitative. Therefore, applying a balance
of quantitative and qualitative measurements is an aspect of per-
formance measurement that should be consciously considered
when choosing how to evaluate health and safety processes. Used
simultaneously, a mixed-methods approach could offer a more
comprehensive vantage point of health and safety performance.

5.3.2. Objective vs subjective measurements
Another way to ensure an accurate viewpoint of an HSMS is to

engage in indicators that reveal objective and subjective perfor-
mance. While some of the responses reflected the use of objective
knowledge assessments and hazard assessments, for example,
many advocated the use of psychological perceptions gathered
through interviews and surveys for the same or similar practices.

Regarding objective assessments, one participant said, ‘‘Indica-
tors should be styled to specific processes, but be objectively
measured and reported (i.e., injuries, illnesses, near misses,



Fig. 3. Triangulated use of multiple methods and measures to engage in safety climate activities across P-D-C-A cycle.
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standardized observation count/results, % participation, % trained,
etc.).” An advantage of objective performance indicators is that
they defy interpretation. Participant responses suggested that
objective worker performance can be measured through informa-
tion related to, for example, the results of behavioral observations,
assessments of H&S knowledge through tests, standardized perfor-
mance evaluations, or the results of medical surveillance. From an
organizational performance perspective, objective measures pro-
vided by participants included the results of root cause analyses,
hazard inspections and audits, and the number of injuries and
illnesses within the organization. Participants identified this
indicator category as useful to assess practices corresponding to
each of the elements within the P-D-C-A cycle.

However, results also revealed the importance of subjective
perceptions to evaluate the performance of the HSMS. In general,
participants expressed the value in understanding how leaders,
managers, supervisors, and workers view health and safety within
the mining organization. Primarily, participants noted using inter-
views and/or surveys as a way to measure these subjective percep-
tions. Many responses advocated the use of deriving quantitative
scores from a survey of questions chosen to measure the effective-
ness of the practice in question or to measure psychometrically
tested items corresponding to theoretical constructs. For example,
they noted that subjective perceptions could be used to assess
whether or not workers were provided with adequate tools and
equipment they need to execute their job tasks in a safe and
healthful manner (i.e., corresponding to the responsibility and
accountability element). Further, participants suggested their use
for an initial baseline measurement and to track trends in desired
safety culture characteristics within the organization. Participants
also noted, for example, that subjective perceptions could be used
to evaluate the effectiveness of the behavior optimization element
by asking questions related to workers’ willingness and ability to
work safely and encourage others to do so. In all, throughout the
1215 performance indicators, it was evident that participants felt
that survey and/or interview questions could be asked of leaders,
managers, supervisors, and workers in order to evaluate how well
each element within the HSMS was performing.

Although some have argued that the validity of the information
provided through subjective perceptions can be lower and its link
to performance measurement is questionable (e.g., Kongsvik et al.,
2010), if one of the primary objectives of the HSMS is to engage
workers, then using subjective perceptions to evaluate its perfor-
mance should be embraced by practitioners. Other theory and
research also suggests that subjective perceptions may play a
unique and important role in H&S performance measurement.
For example, Bergh et al. (2014) developed a performance indicator
for psychosocial risk in which subjective perceptions played a
unique and key role. Also for example, Yorio et al. (2015) suggest
that worker perceptions and interpretations of the HSMS can be
an important indicator of the effectiveness of the set of practices
chosen.

6. Limitations, conclusions, and directions for future research

A few limitations of this empirical investigation need to be
noted. First, the participant sample was mining-specific, and the
results arguably generalize to that industry. Second, although
grounded in the traditional P-D-C-A cycle, the NMA CORESafety
framework—an HSMS consistent with ANSI/AIHA Z-10 and OHSAS
18001—was used to develop the practices a priori specified in the
survey. Therefore, the results may be further restricted to mining
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organizations who align their HSMS strategy with those frame-
works. Thus, we believe future research may consist of similar
inductive, exploratory designs in distinct industries and HSMS
strategies.

Additionally, although the results of this study reduced the
number of key performance indicators to 22, more research using
these indicators to determine their sufficiency for continuous
assessment purposes within health and safety management is nec-
essary (Podgórski, 2015). All of these indicators may not be feasible
for any one practitioner. As one example, engaging in criteria to
help practitioners identify specific performance indicators, may
be helpful. The SMART (i.e. Specific, Measurable, Achievable, Rele-
vant, and Time-bound) criteria is one tool that can be applied to
further select key performance indicators for measurement (e.g.,
Carlucci, 2010; Kjellen, 2009). For a review of criteria for selection
of key performance indicators, see Podgórski (2015). Specifically,
this article helped add to information about the specific measure-
ment criteria for identifying performance indicators – or the ‘‘S”
and ‘‘M” in the SMART framework.

Given the noted limitations, in lieu of the ongoing, open-ended
discussions related to HSMS performance measurement in organi-
zations, the goal of the current research was to identify perfor-
mance measures that may contribute to assessing HSMS
effectiveness in the future. We interjected a creative approach to
better identifying and understanding these phenomena. Through
this inductive effort, however, we also uncovered a novel way to
look at and think about performance indicators in organizations.
This study reveals important criteria to consider in terms of speci-
ficity, measurement, and pragmatism when choosing performance
indicators. The results provide a precise link back to the original P-
D-C-A cycle which helps guide the selection of fitting performance
indicators at the right phase of continuous assessment and
improvement. Additionally, choosing indicators within the P-D-C-
A cycle helps bring a sense of simplicity back to HSMS assessment
for practitioners. Regardless, future research would benefit from
assessing these identified indicators against additional criteria to
help further measure performance. The efficacy and utility of this
framework is subject to debate and further empirical testing. To
that end, we need to ask ourselves if the existing metric frame-
works, such as the leading/lagging categories, enhance our under-
standing of and the practical use of organizational health and
safety performance management, or if the terms invoke unneces-
sary and inefficient theoretical and practical confusion.

The results also show the importance of balancing the types of
measurement and methods used when choosing performance indi-
cators. Specifically, engaging in a consistent selection of both quan-
titative and qualitative performance indicators when proceeding
through the P-D-C-A cycle may help ensure a representative view
of the health and safety problem. Also taking into account objective
and subjective measures allows for more information that can
inform future improvements in health and safety processes.

In conclusion, consistent with the notions of other H&S aca-
demics and theorists, there is no question that performance man-
agement of an HSMS is a critical and pressing issue for
organizations in addition to understanding the most effective ways
to implement the system (i.e., we need to understand more about
the most effective ways to enhance the behavioral execution of
H&S strategy). Although this study provided an overarching view
of general performance indicator categories that can be utilized,
future research is needed that continues to build upon and inform
health and safety managers and practitioners how these indicators
can be developed and implemented over time. In response, subse-
quent studies should plan to move beyond the ‘‘what” and focus on
the ‘‘how” in order to more specifically inform HSMS implementa-
tion and evaluation. As Bowen and Ostroff (2004) argue, the visibil-
ity of the strategic practices in question (i.e., the degree to which
the HSMS are salient and readily observable) is a basic prerequisite
for worker interpretation and sensemaking of the strategy. There-
fore, an important aspect of implementation is the use, promotion,
and effective management of a well-chosen set of performance
indicators. This argument is consistent with Kaplan and Norton’s
(1996) assertion that despite the best intentions, lofty statements
of those at the top and verbal calls to action ‘‘don’t translate easily
into operational terms that provide useful guides to action at the
local level. For people to act on the words in vision and strategy
statements, those statements must be expressed as an integrated
set of objectives and measures” (p. 4). Thus, we encourage future
research into the subject and hope that the results of this research
spark new and creative ways to approach the underpinning theory
as well as the practical utility of performance indicators for health
and safety management.
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