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Introduction: Safety management is widely seen as a key contributor to occupational health and safety
(OHS) performance. Performance measurement is an important tool for management in reaching its
goals. Safety performance measurement has gained increasing attention in the literature. However, little
is known so far of the path towards successful safety performance measurement resulting in better OHS
performance. Methods: This study analyzes the maturity of safety performance measurement in relation
to OHS performance and the role of employee commitment and practices of using performance informa-
tion in facilitating the performance benefits. The empirical data were gathered with a survey that
received 270 responses from five industrial organizations. Partial least squares structural equation mod-
eling (PLS-SEM) was used to analyze the data obtained. Results: It is found that commitment to perfor-
mance measurement is the strongest explaining factor of both supervisor and employee OHS
performance, while the maturity of performance measurement has a direct effect on supervisor safety
performance only. Practical Applications: The results show how safety performance measurement can
be implemented to derive the potential benefits. While managers may benefit directly from advanced
performance measures, the wider performance benefits among employees materialize only by using per-
formance measurement properly and committing employees to it.
� 2022 The Author(s). Published by the National Safety Council and Elsevier Ltd. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

It is widely recognized that capable safety management can
lead to great financial benefits by reducing the costs related to
accidents (Tappura, Sievänen, Heikkilä, Jussila, & Nenonen, 2015).
Safety management can also improve organizations’ productivity
and economic results (O’Toole, 2002), and even lead to a competi-
tive advantage (Fernández-Muñiz, Montes-Peón, & Vázquez-Ordás,
2009). This study sheds light on how safety performance measure-
ment and management activities relate to safety performance. The
term safety performance is used to refer specifically to occupa-
tional health and safety (OHS) performance, defined as the measur-
able results concerning an organization’s management of its OHS
risks (BS 4:1800, 2008). OHS performance is measured by evaluat-
ing supervisor and employee performance.

Performance measurement may be crucial for several reasons:
(a) organizations can evaluate their current performance and mon-
itor their development from the past; (2) organizations can control
their development to reach set objectives and targets; (c) organiza-
tions can budget for their plans; (d) organizations can motivate
staff, managers, and other stakeholders and use the information
in rewarding; (e) organizations can use their performance informa-
tion to promote themselves to customers, investors, and other
stakeholders and to benchmark themselves against competitors;
(f) organizations can improve continuously by using the informa-
tion and learning from the past (Behn, 2003; Lebas, 1995). How-
ever, the benefits of performance measurement are multifaceted
and a subject of academic controversy (Bourne, Kennerley, &
Franco-Santos, 2005; Franco-Santos, Lucianetti, & Bourne, 2012).

Much of the literature on safety performance measurement still
focuses on technical issues in measurement, definitions for mea-
sures, and, most notably. the types of measures such as the differ-
ence between leading and lagging measures (Koivupalo & Reiman,
2017; Podgórski, 2015; Sheehan, Donohue, Shea, Cooper, & Cieri,
2016). Although the general performance measurement literature
has already shifted its focus from technical issues in measurement
into the use of measurement information (Franco-Santos et al.,
2012; Henri, 2006; Nudurupati, Bititci, Kumar, & Chan, 2011), the
implementation and use of performance measurement has gained
only limited attention in safety research. It is evident that only the
actual use of information can lead to improved organizational per-
formance (Bititci et al., 2011; Franco-Santos et al., 2012).

OHS practitioners seem to agree that their organizations’ suc-
cess in health, safety, and environmental (HSE) concerns are linked
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to how well they track, manage, and use the information provided
by leading metrics (Sinelnikov, Inouye, & Kerper, 2015). Firms
often have a lot of safety performance information. However, it is
widely known that transforming data into action is a real problem
for many organizations and their leading metrics for safety may be
data-collecting machines rather than continuous improvement
metrics created based on specific OHS-related action to measure
(Sinelnikov et al., 2015).

It appears that safety performance measurement literature is
ahead of practice. Organizations are still mostly focusing more on
‘‘lagging” indicators (Jääskeläinen, Tappura, & Pirhonen, 2020;
Reiman & Pietikäinen, 2012) measuring events from the past, like
reports of accidents. In this case, organizations are measuring the
absence of safety rather than its presence, which for purposes of
achieving improvements is not ideal. A low accident rate does
not assure that risks are under control, especially in companies
where the probability for accidents is low but major hazards are
present (Arezes & Sérgio Miguel, 2003). When used correctly,
‘‘leading” indicators, like unsafe behavior reporting, enable organi-
zations to identify and correct deficiencies before they cause any
injuries or damage and promote a culture of prevention
(Sinelnikov et al., 2015; Zwetsloot, Leka, Kines, & Jain, 2020). Hence
it could be assumed that performance measurement may have
safety performance implications if used appropriately.

Safety climate and culture are important viewpoints to safety
performance measurement. Safety culture can be defined as the
attitudes, beliefs, perceptions, and values that employees and man-
agers share in relation to safety within an organization or work-
place (Cox & Cox, 1991). Safety culture is expressed through the
organizational climate, while the climate can be taken to mean
the manifestation of culture within the organization
(Guldenmund, 2000). Safety climate could be defined as the sur-
face features of an organization’s underlying safety culture. This
is discerned from the employees’ attitudes and perceptions at a
given point in time, that is, a snapshot of the state of safety (Cox
& Flin, 1998; Flin, 2003). Safety climate scores can be regarded as
essential safety performance indicators as such (Hoffmeister
et al., 2014; Zohar, 2010). There is a plethora of instruments avail-
able for measuring safety climate and culture, but they have rarely
been validated in different contexts (Glendon, 2008). In addition,
they have not been linked to the maturity of using performance
information in safety management.

Studies show that safety culture is linked to safety performance
(e.g., Lee, 1998; Carder & Ragan, 2003; Vinodkumar & Bhasi, 2009;
Stemn, Bofinger, Cliff, & Hassall, 2019). Also, positive safety climate
perceptions and organizational attitudes have been associated
with better self-reported physical and mental health (Haslam,
O’Hara, Kazi, Twumasi, & Haslam, 2016). However, Koivupalo and
Reiman (2017) state that the relationship between safety culture
and safety performance is heavily dependent on how and when
both culture and safety performance are measured. Due to the sup-
posed dependence, models for measuring safety culture have
emerged steadily in the last two decades. There are some indica-
tions that performance measurement relates to safety performance
(Stemn et al., 2019) but the relationships between safety perfor-
mance measurement, supportive practices, safety climate, and
safety performance are still mostly unclear.

This study specifies safety culture as the commitment of man-
agement and employees to safety performance measurement and
management. The use of performance information in safety man-
agement is still inefficient and commitment to performance mea-
surement insufficient (Jääskeläinen et al., 2020). Hence, it
appears that performance measurement is not enough if the prac-
tices of using performance and supportive commitment are not in
place. The link between performance measurement and safety per-
formance is supposedly indirect. The existing research does not
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fully capture this complex connection between safety performance
measurement and safety performance. Furthermore, the emphasis
in the safety management literature has focused on detecting dif-
ferent components affecting safety and these links are not widely
demonstrated (Zohar, 2010) This paper addresses the gap by
researching how performance measurement and management
practices affect safety performance among both supervisors and
employees.

The empirical material was gathered with a survey from five
industrial organizations. The survey was sent to 725 respondents
and it gathered 270 responses. Partial least squares structural
equation modeling (PLS-SEM) was used to determine the links
between performance measurement and safety performance. The
results show that commitment to performance measurement is
the strongest explaining factor of both supervisor and employee
safety performance, while the status of performance measurement
only has a direct effect on supervisor safety performance. The
study also reveals that the use of performance measurement fully
mediates the link between performance measurement status and
employee safety performance.
2. Literature review

2.1. Key concepts

2.1.1. Safety and safety performance
Safety is considered to be freedom from unacceptable risk or

harm (ISO/IEC, 2004). In this paper, safety is seen as a synonym
for occupational health and safety (OHS). OHS can be defined as
conditions and factors that affect, or could affect, the health and
safety of employees and any other person in the workplace (BS
4:1800, 2008; ISO 45001:2018). OHS is usually managed with an
occupational health and safety management system (OHSMS),
which is a part of an organization’s management system used to
develop and implement its OHS policy and manage its OHS risks.
It is a set of interrelated elements and includes organizational
structure, planning activities, responsibilities, practices, proce-
dures, and resources. (ISO 45001:2018).

OHSMS is not a well-defined management system and there are
no clear boundaries between OHS activities, OHS management, and
OHSMS (Nielsen, 2000). OHSMS can be seen as a management sys-
tem to improve the organization’s OHS performance, focusing not
only on operations and general physical work but also on employ-
ees’ health and safety (ISO 45001:2018).

Performance is a measurable result of the management of activ-
ities, processes, products (including services), systems, or the orga-
nization. It may relate to either quantitative or qualitative findings.
(IWA 26:2017). Tangen (2005) defines performance as the
umbrella term of excellence, which includes profitability and pro-
ductivity as well as other non-cost factors such as quality, speed,
delivery, and flexibility.

Safety performance can be seen as a subsystem of organiza-
tional performance (Wu, Chen, & Li, 2008). Safety performance
relates to the effectiveness of the prevention of injury and ill health
and the provision of safe and healthy workplaces (ISO
45001:2018). Safety performance refers to the measurable results
of an organization’s management of its OHS risks, which includes
measuring the effectiveness of its controls and the provision of safe
and healthy workplaces (BS 4:1800, 2008; ISO 45001:2018). It
could be also seen as OHS-related actions and behaviors that
employees exhibit to endorse the health and safety in the work-
place, such as safety compliance and safety participation (Burke
& Signal, 2010; Neal, Griffin, & Hart, 2000). Good safety perfor-
mance impacts, for example, on efficiency through reduced acci-
dent costs or improved productivity (Sievänen, Nenonen, &
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Hämäläinen, 2013; Tappura et al., 2015) Safety performance is
often measured by OHS objectives and organizational indicators
such as safety climate, absenteeism, ill health, and injury rate
(Hale, Guldenmund, Van Loenhout, & Oh, 2010).

2.1.2. Performance measurement
According to Neely (1998, p. 5) performance measurement is a

process of quantifying the efficiency or effectiveness of a past
action. Hannula and Lönnqvist (2002, p. 47) state that performance
measurement is a process used to determine the status of an attri-
bute relevant to the performance of the measurement object.
Lemieux-Charles et al. (2003) define performance measurement
as monitoring, which shows where change is required, and which
will, in turn, produce the desired behavior that will produce
improved performance. The different definitions highlight different
things, which shows that performance measurement can be used
in many ways.

Since performance measurement is a broad concept, there is no
single correct way to measure performance. There are some com-
monly used models measuring performance, such as the Balanced
Scorecard (Kaplan & Norton, 1996), the Performance Pyramid
(Lynch, 1995), and the Performance Prism (Neely, Adams, &
Kennerley, 2002). What these have in common is that performance
measurement is related to the organization’s strategy and can thus
be used as a tool to implement the organization’s strategy and to
communicate strategic information from management to employ-
ees. Another unifying factor is the ‘‘balanced” approach of all of
these, which means measuring performance from many different
aspects, considering economic, employees’, and customers’ views.

2.2. Safety performance and its antecedents

Safety climate and leadership are significant facilitators of
safety performance (Clarke, 2013; Wu et al., 2008). Safety leader-
ship has received a lot of attention in the field of safety and studies
have identified it as a key aspect in safety climate (e.g., Barling,
Loughlin, & Kelloway, 2002; Zohar, 2010). Safety leadership can
be described as ‘‘the process of interaction between leaders and
followers, through which leaders could exert their influence on fol-
lowers to achieve organizational safety goals under the circum-
stances of organizational and individual factors” (Wu, 2005).
Management commitment is highly important in gathering occu-
pational health and safety data, role model type of behavior, and
promoting occupational health and safety throughout the organi-
zation (Lingard, Wakefield, & Cashin, 2011; Zohar, 2010). A study
by Aksorn and Hadikusumo (2008) revealed that ‘‘management
support” was the most significant factor in safety program
implementation.

For its part, safety climate, referring to employees’, managers’,
and directors’ commitment and perceptions regarding safety, has
attracted even more attention (Wu et al., 2008). Safety culture is
another commonly used term in relation to safety climate. These
terms are sometimes confused and often used synonymously, but
there are slight differences in the meanings (see e.g. Cooper,
2000; Flin, Mearns, O’Connor, & Bryden, 2000).

It is clear that safety culture and climate are correlated with
safety performance (e.g., Lee, 1998; Carder & Ragan, 2003;
Vinodkumar & Bhasi, 2009; Stemn et al., 2019), similarly to safety
leadership (Clarke, 2013; Wu et al., 2008). A longitudinal study by
McCabe, Alderman, Chen, Hyatt, and Shahi (2017) concluded that
safety climate accounted for up to 20% of the variance in safety
outcomes. Another study by Lingard, Cooke, and Blismas (2012)
revealed that supervisors’ safety perceptions mediate the relation-
ship between safety climate and injury rates. There are also more
specific studies showing that constant promotion by top manage-
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ment is a key to the success of occupational safety interventions
(Hale et al., 2010; Saksvik, Nytrø, Dahl-Jørgensen, & Mikkelsen,
2002). There is still a lack of research on identifying the specific
mechanisms with which leaders promote a better safety climate
in risky operations (Zohar, 2010) and thus better overall safety
performance.

There are several factors other than safety leadership and cli-
mate that have been positively related to safety performance. For
example, appropriate safety education and training, teamwork,
clear and realistic goals, positive group norms, personal compe-
tency, safety equipment, and communication of safety have been
described as critical factors affecting safety performance (Aksorn
& Hadikusumo, 2008; Sawacha, Naoum, & Fong, 1999). Nonethe-
less, many of these factors have been included in safety culture/cli-
mate assessments.

Safety performance measurement also has a role in safety per-
formance, especially in improving it. Leading indicators have been
proven to predict safety performance. For example, Salas and
Hallowell (2016) measured the frequency of supplier internal
safety audits and the results predicted injury rates later in the
same project. Studies suggest that the best leading indicators to
predict future safety performance are safety observation and
review and pre-task safety meetings (Rajendran, 2013; Salas &
Hallowell, 2016).

2.3. Safety performance measurement

Maturity of performance measurement consists of factors, such
as scope, sophistication and relevance of measurement
(Jääskeläinen & Roitto, 2015). Scope can be used to refer to the bal-
ance of measures between financial and non-financial or leading
and lagging measures (Cocca & Alberti, 2010; Van Aken, Letens,
Coleman, Farris, & Van Goubergen, 2005). Sophistication may
include, for example, the ability of measurement to explain rela-
tionships between measurement objects and information system
sophistication (Cocca & Alberti, 2010; Marx, Wortmann, & Mayer,
2012). Relevance may be related to up-to-date measures and reli-
ability of information provided by measures (Wettstein & Kueng,
2002). The prior discussion on safety performance measurement
has especially paid attention to scope (e.g., balance between lead-
ing and lagging indicators) and relevance (e.g., high amount of per-
formance information) and is briefly reviewed next.

Safety performance measurement can offer knowledge and help
in internal analysis and decision-making (Arezes & Sérgio Miguel,
2003). Most of the measurements in organizations focus on achiev-
ing positive safety outcomes. For example, when addressing eco-
nomic performance, positive aspects such as liquid profit, ROI, or
market share are evaluated, but when safety performance is mea-
sured, the measurable variables are often negative, like total inju-
ries or lost workday rates (Arezes & Sérgio Miguel, 2003). In this
case, organizations are measuring the absence of safety rather than
its presence, which gives a unique character to safety performance
measurement and illustrates its complexity.

Organizations typically have a lot of performance information
related to safety. Safety indicators are usually divided into leading
(also known as proactive or predictive) and lagging (also known as
reactive, trailing, or outcome) indicators. Lagging indicators are the
most commonly used indicators, which have a retrospective focus
on the reduction of workplace injuries (Kaassis & Badri, 2018).
Leading indicators are less used, but they can provide advanced
warning of potential problems and therefore the possibility of
implementing preventive measures before mishaps occur
(Kaassis & Badri, 2018). Zwetsloot et al. (2020) recently presented
a further classification, proactive leading indicators, to better sup-
port the development of a prevention culture.
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Blair and O’Toole (2010) suggest that the ratio between leading
and lagging indicators should be about 80:20 or place even greater
emphasis on leading indicators. Regarding putting the weight on
leading indicators, it is argued that with a heavy focus on these
the results will reflect on the outcome indicators as lower injury
rates and workers’ compensation costs. The leading indicators
appear to be in their potential to predict and prevent adverse out-
comes, but they are also intended to help the transformation of an
organization’s culture from passive and problem-focused to a more
proactive and solution-driven (Sinelnikov et al., 2015). Lagging
indicators still cannot be omitted from measurement practices
since they yield valuable information about the development of
safety performance and about the relationships between leading
and lagging indicators. Moreover, many researchers do not distin-
guish between leading and lagging indicators, but use more gen-
eral terms such as key indicator, safety performance indicator, or
key performance indicators (Swuste, Theunissen, Schmitz,
Reniers, & Blokland, 2016).

Another common way to measure organizational safety perfor-
mance involves assessing workers’ and managers’ attitudes to and
perceptions of safety. These attitudes and perceptions are usually
measured with a safety climate survey. As stated earlier, safety cli-
mate/culture has been proved to correlate with safety perfor-
mance, which has led to the point that safety climate/culture
scores are commonly used as leading indicators. In a study by
Hoffmeister et al. (2014), safety climate scores were considered
the most important safety performance indicators. The state of
safety culture has focused heavily on the results of safety culture
maturity models. The most common aim of these models has been
general safety management assessment, followed by an evaluation
of the communication of safety and managerial commitment to
safety (Goncalves Filho & Waterson, 2018).

Measuring safety culture or climate is a potential approach to
improve safety performance. In a Nordic study, Kines et al.
(2011) developed and empirically tested a questionnaire for mea-
suring safety climate status in different countries and industries.
It included seven dimensions related to both management (e.g.,
commitment, empowerment) and workers (e.g., commitment,
trust). Stemn et al. (2019) found a strong negative correlation
between the incident rate and most elements of the safety culture
maturity framework. Carder and Ragan (2003) successfully used
their survey tool for safety measurement to improve safety perfor-
mance in several companies. Safety climate measures can also pro-
vide in-depth information about the root causes of OHS problems
and can be used as a useful diagnostic tool (Lingard et al., 2011).
In a study by Lingard et al. (2011) both safety climate survey and
leading indicators were used successfully to identify weaknesses
and to develop practical solutions to issues that would not even
have been identified if the measurement had relied solely on the
use of traditional lagging measures.

Safety culture as a concept remains a problem. Its definition
entails many difficulties, likewise the decision as to what should
be measured as the consequence of its presence or absence; either
incidents or other intermediate measures of safety (Waterson,
Jenkins, Salmon, & Underwood, 2017). Swuste et al. (2016) state
that organizations with good scores on occupational safety use
more complex indicators, but they hardly use the information to
improve the organization. Safety indicators seem to be based
mainly on company experience or common sense (Swuste et al.,
2016). Using sources to pick indicators might be difficult since
some references present more than 400 safety indicators (Amir-
Heidari, Maknoon, Taheri, & Bazyari, 2017). This leads to a situation
where safety indicators are more data-collecting machines than
continuous improvement metrics created on the basis of specific
OHS-related actions (Sinelnikov et al., 2015).
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Increasing information processed by managers and decision-
makers may also negatively influence the quality of their decisions
(Hwang & Lin, 1999; Iselin, 1988). Decision-making will improve
with a certain amount of information, but decision-makers will
face an ‘information overload’ and information processing will
decrease resulting in worse decisions when the amount of infor-
mation exceeds a certain point. Since managers like to have as
much information as possible, it is important to aggregate and
summarize the information to keep the number of information
dimensions to a minimum (Hwang & Lin, 1999).

It is generally known that performance management systems
significantly affect people’s behavior, organizational capabilities,
and performance. There is evidence that performance measure-
ment systems play a key role in strategy, communication, and
management processes, generating capabilities that enable organi-
zations to excel (Franco-Santos et al., 2012). Performance measure-
ment systems alone are still not enough, and the information must
be used, and used correctly.

A study by Henri (2006) strongly suggests that only interactive
use of performance measurement fosters capabilities of market
orientation, entrepreneurship, innovativeness, and organizational
learning, while diagnostic use of performance measurement seems
to contribute negatively to the deployment of these capabilities.
Diagnostic use represents tight control of operations and strate-
gies, and highly structured channels of communication and
restricted flow of information. Interactive use, on the other hand,
represents loose and informal control, and open channels of com-
munication and free flow of information throughout the organiza-
tion. Another study shows that, contrary to expectations, the
higher performing organizations usually place less emphasis on
performance management than the lower performing cluster
(Bititci et al., 2011). These high performing organizations associate
managerial activities more with culture and communication pro-
cesses (Bititci et al., 2011).

Performance measurement can be also divided into feedback
and feed-forward measures. The purpose of feedback controlling
is to exploit the firm’s existing capabilities and the purpose of
feed-forward controlling is to identify new capabilities. The use
of these different measures is typically tied to how these measures
are used in the evaluation of managers (Grafton et al., 2010). To
conclude, according to these sources the most sophisticated way
to use performance measurement for organizational learning could
be using feed-forward measures in an interactive manner. In safety
management, the equivalent to interactive use of feedforward
measures could be using leading indicators in an interactive way.

There is no consensus in the literature as to which are the most
important metrics for safety measurement and how to utilize the
measurement data effectively. Safety culture maturity models are
still the most commonway to evaluate the state of safety, but often
these models do not accurately capture the practices of perfor-
mance measurement. Hence, the understanding on the status of
performance measurement in relation to safety performance is
limited. A recent study by Alruqi and Hallowell (2019) identified
nine common leading indicators that correlated significantly with
worksite injuries: safety record, safety resource, staffing for safety,
owner involvement, safety training/orientation, personal protec-
tive equipment, safety incentives program, safety inspections and
observation, and pre-task safety meeting. Stemn et al. (2019) found
that one of the strongest negative correlations between evaluated
maturity of practices and incident rate was in the item named per-
formance measurement with a correlation coefficient of almost �1.
The topic of safety performance measurement has clearly come in
for more attention lately, but the understanding of its desirable
characteristics, supportive factors and relationship to safety per-
formance measurement continues to be limited.



A. Jääskeläinen, S. Tappura and J. Pirhonen Journal of Safety Research 83 (2022) 181–194
3. Hypotheses

Performance measurement offers no benefits if the information
gathered is not utilized. To derive all the benefits of performance
measurement and to use it efficiently, the organization must be
committed to it. Tung, Baird, and Schoch (2011) state that top
management’s continued involvement and support are crucial for
performance measurement to be effective. Therefore, top manage-
ment need to personally commit to performance measurement and
guarantee that sufficient resources are provided on a continuous
basis to properly developing and managing the existing perfor-
mance measurement systems. A study by Cavalluzzo and Ittner
(2004) shows that management’s commitment to performance
measurement has a significant positive influence on the use of per-
formance measurement. These findings support earlier research by
Shields (1995), who argues that top management’s support is cru-
cial to new measurement system implementation because man-
agers can allocate resources to initiatives they deem worthwhile
and withhold resources from ideas they do not support. A study
by Jääskeläinen and Sillanpää (2013) demonstrated the importance
of operative level commitment in a performance measurement
system implementation. Committed employees successfully
implemented and used the new performance measures even
though using it required more resource investments than the pre-
vious system. All in all, commitment to performance measurement
by both operative employees and management is recognized to be
a critical part performance measurement development (e.g., Cocca
& Alberti, 2010). Thus, the first hypothesis is proposed.

H1 Commitment to performance measurement relates positively to
the use of safety performance measurement

Maturity of performance measurement may explain perfor-
mance differences between organizations (Franco-Santos et al.,
2012). Many studies highlight the practices of performance mea-
surement, but as Kaplan and Norton (2001) state, ‘‘It’s not just
what is measured, but how the measurements are used that deter-
mines the organizational success.” According to Amaratunga and
Baldry (2002), measurement is important because it provides the
basis for an organization to assess how well it is progressing
towards its objectives, helps to identify strengths and weaknesses,
and decides future initiatives, but it does not tell why something
happened or what to do about it. Organizations must make the
transition from measurement to management to use the perfor-
mance measurement effectively to reach the goal of improving
organizational performance (Amaratunga & Baldry, 2002). There
Fig. 1. Researc
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is evidence that organizations that do not integrate ongoing perfor-
mance measurement and feedback into their management devel-
opment programs tend to experience lower than expected
performance improvements and greater dissatisfaction of their
management (Longenecker & Fink, 2001). A study by Henri
(2006) supports these results and strongly suggests that interactive
use of performance measurement systems positively influences
organizational capabilities, such as organizational learning. A study
by Grafton et al. (2010) corroborates the findings of Henri (2006)
and suggests that the use of performance measures impacts on
the strategic capabilities of the organization and subsequently its
performance.

H2 The use of performance measurement mediates the relationship
between the status of performance measurement practices and
safety performance: a) supervisor performance, b) employee
performance

There is ample evidence that being committed to something
relates positively to the results to which the commitment is made.
A study by Wu et al. (2008) shows that safety climate, which
includes employee and management commitment to safety, is pos-
itively related to safety performance. Psychology research, on the
other hand, shows that goals are significantly more likely to lead
to performance gains if individuals are committed to achieving
them (Klein, Wesson, Hollenbeck, & Alge, 1999). Accounting
research, consistent with the results from the psychology litera-
ture, also shows that commitment to goals has significant direct
and indirect effects on managerial performance (Chong & Chong,
2002; Wentzel, 2002). Nasomboon (2014) reported that leadership
commitment also directly affects employee engagement and orga-
nizational performance. Performance improvements require will-
ingness to change (Chan, 2004), which may be difficult with a
top-down authoritarian management style (Coate, 1993). Partici-
patory performance measurement development may enhance the
performance benefits of performance measurement (Groen,
Wouters, & Wilderom, 2012). Thus, the third hypothesis is
proposed.

H3 Commitment to performance measurement relates positively to
safety performance: a) supervisor performance, b) employee
performance

Fig. 1 provides a summary of the model which will be tested in
the empirical part.
h model.



Table 1
Demographic information on the respondents.

Total sample 249

Work experience with current
employer

less than 1 year 8.1%
1–3 years 17%
3–5 years 8.5%
5–10 years 24.8%
more than 10 years 41.5%

Position Senior management 10%
Middle management 40%
Supervisor 20.4%
Safety expert or manager 15.9%
HR expert or manager 1.5%
Other expert duties 12.2%

Respondents per company Company 1 (Infrastructure construction)
58 (21.5%)
Company 2 (Manufacturing) 53 (19.6%)
Company 3 (Service) 41 (15.2%)
Company 4 (Food industry) 93 (34.4%)
Company 5 (Mining industry) 25 (9.2%)
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4. Methodology

4.1. Empirical data

The empirical data were gathered with a survey addressed to
five companies operating in the service, food, infrastructure con-
struction, manufacturing, and mining industries. Most of the
respondents were from the Nordic countries. The mining company
operates in Eastern Europe, while all the other companies have
their main operations in the Nordic countries. The manufacturing
company has a global spread of operations and respondents repre-
sented several nationalities. Respondents of the food industry com-
pany were mostly from the various Nordic countries. Service and
infrastructure industry respondents represented a single Nordic
country and mining industry respondents were from a single loca-
tion. The respondents of this study were selected by focusing on
those groups in the company with sufficient knowledge of perfor-
mance measurement either as users (managers, supervisors) or
developers (experts). The respondent lists were prepared together
with the participating companies to ensure responses from the dif-
ferent levels and functions of the companies and to improve the
reliability of responses.

Electronic survey was used. The respondents gained access to
the survey for three weeks. Two reminders were sent during this
time. Non-response bias was tested on three groups of respon-
dents: initial invitation, first reminder, and second reminder. A t-
test between these groups was done for all research constructs
and no statistical differences between the respondent groups were
found. Hence, non-response bias should not be a concern in the
study.

The survey was sent to 725 respondents and 270 responses
were received, yielding a response rate of 37%. The response rate
in the individual companies varied from 27% (infrastructure con-
struction) to 69% (mining). Time-to-complete of the survey was
16 minutes on average and the respondents had the opportunity
to change their response during this process of filling the question-
naire. Screening of the data and exclusion of missing values (pair-
wise) meant that the data used in the analysis consisted of 249
responses.

The largest respondent group was middle management, fol-
lowed by supervisors. These groups play an essential role in facil-
itating the use of performance measurement (Jääskeläinen &
Luukkanen, 2017). Safety experts, managers, and senior managers
formed the other notable respondent groups. The majority of the
respondents had worked over five years for their present employ-
ers. A food industry company provided the highest and a mining
industry company the lowest number of responses. The share of
other industries was relatively equal (15–20%). Table 1 presents
the characteristics of respondents.
4.2. Measurement of research variables

Measurement of the research variables in this study utilized a
recently developed safety performance measurement maturity
model (Jääskeläinen, Tappura, & Pirhonen, 2019). The companies
participating in this study were already involved in the testing of
the developed measurement instrument and confirmed its applica-
bility in their firm context. The model has three main perspectives:
safety performance measurement practices, commitment to safety
performance measurement, and use of safety performance mea-
surement. These three themes cover the three lifecycle viewpoints
of performance measurement including design, implementation,
and use (Bourne, Mills, Wilcox, Neely, & Platts, 2000). In addition,
supervisor safety performance and employee safety performance
is measured to test the relationship between performance mea-
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surement and safety performance. The measurement scale is
described in Appendix 1 and more detailed evaluation criteria
and survey items in Appendix 2. While safety performance is
examined on a Likert scale, the status of performance measure-
ment is assessed by written evaluation criteria presenting four
maturity levels (1 = lowest level and 4 = highest level). Written
descriptions were used since they can improve objectivity and jus-
tify the choice of response options (Cocca & Alberti, 2010;
Jääskeläinen & Roitto, 2015).

Safety performance measurement practices represent perfor-
mance measurement design and include the most established con-
tent of the model. Performance measurement practices included
four items combining performance measurement and information
systems, as suggested by Nudurupati et al. (2011). Commitment to
performance measurement commonly regarded as an important
success factor in implementing performance measurement
(Jääskeläinen & Sillanpää, 2013; Kennerley & Neely, 2002) and it
is closely related to safety culture (Fernández-Muñiz, Montes-
Peón, & Vázquez-Ordás, 2007). Commitment of both managers (2
items) and employees (2 items) was examined.

There is no widely accepted definition for the use of perfor-
mance measurement (Tangen, 2005), which is also dependent on
the area of management (e.g., safety management). In the use of
safety performance measurement, the first evaluation viewpoint
was the use of information in planning, that is, the ex-ante per-
spective (two items). Management in turn represented the ex-
post perspective and was measured by two items related to supply
chain management, competencies, and rewarding (Cocca & Alberti,
2010; Tung et al., 2011). The extent of performance measurement
use at different organizational levels (Van Aken et al., 2005) was
also included with one item.

The section measuring the state of occupational safety perfor-
mance enables links between performance measurement and
safety performance. Safety performance was measured by how
supervisors dealt with occupational safety in the organizations (5
items) and how employees dealt with safety in the organization
(4 items), which were adapted from Nordic Safety Climate Ques-
tionnaire (Kines et al., 2011). Both these dimensions are widely
regarded as important indicators for safety performance (e.g.,
Brondino, Silva, & Pasini, 2012; Givehchi et al., 2017).
4.3. Analysis methods

Analysis was conducted with statistical software IBM SPSS
Statistics 24 and SmartPLS 3.0. PLS-SEM is a component-based
analysis method that does not make assumptions on data distribu-
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tions. It supports the purpose of this study in predicting and
explaining the variance of safety performance (cf. Reinartz,
Haenlein, & Henseler, 2009). A bootstrapping technique was used
with 5,000 rounds. Table 2 summarizes the data characteristics
(correlations, means, standard deviations) in the main research
constructs. It should be noted that safety performance had a scale
ranging from 1 to 5 whereas the scale of other constructs ranged
from 1 to 4.

Common method bias was tested with Harman’s single factor
test, which revealed that none of the factors covered more than
50% of the data variance. Variance inflation factor (VIF) was used
for testing multicollinearity (O’Brien, 2007). VIF of more than 3.3
can be interpreted as an indication of collinearity and common
method bias in the model examined (Kock, 2015). As the VIFs of
the model are clearly below the threshold (highest VIF is 1.80), it
can be concluded that common method bias and collinearity are
not likely to create challenges for the analysis (see Tables 3–5).

Reflective constructs were used in the study. Composite relia-
bility (CR) (Fornell & Larcker, 1981), average variance extracted
(AVE), and factor loadings (Hair, Anderson, Tatham, & Black,
2014) were used to evaluate the reliability and internal consis-
tency of the constructs. Appendix 2 reports the results. All CRs
were above the threshold of 0.7 (Nunnally, 1978) and all AVEs
exceeded 0.5 (Fornell & Larcker, 1981). All the items of the survey
had loadings above 0.6 (Hulland, 1999).

5. Results

As hypothesized, commitment to performance measurement is
conducive to its effective use (b = 0.360). There is an even stronger
relationship (b = 0.399) between the status of performance mea-
surement and effective use meaning that use of performance infor-
mation requires appropriate measurement systems. The presence
of this relationship means that the first path for H2 is supported.
F2 effect size for these relationships is medium (cf. Hair et al.,
2014). The model explains 44.5% of the variation in the use of per-
formance measurement. The Q2 statistics applying cross-validate
redundancy approach demonstrate that the model has medium
level of predictive relevance for the use of performance measure-
ment (cf. Hair et al., 2014). The results explaining the use of perfor-
mance measurement are summarized in Table 3.

Table 4 overviews the results on the antecedents of supervisor
safety performance. Status of performance measurement has a sig-
nificant effect on supervisor safety performance. The use of perfor-
mance measurement is likewise positively related to supervisor
safety performance, although with slightly less significance. This
result demonstrates that H2a is supported, but the mediation
observed is partial since there is also a direct link between the sta-
tus of performance measurement and supervisor safety perfor-
mance. Commitment to performance measurement seems to be
the strongest explaining factor for the supervisor safety perfor-
mance. The result also demonstrates that H3a is supported. Effect
sizes (F2) for all these relationships are small. The model explains
24.8% of the variation in supervisor safety performance and its pre-
dictive relevance is small.
Table 2
Characteristics of the data.

Construct Mean (std. dev.)

1. Performance measurement status 2.85 (0.61)
2. Performance measurement use 2.24 (0.62)
3. Commitment to performance measurement 2.65 (0.59)
4. Safety performance (supervisors) 4.03 (0.70)
5. Safety performance (employees) 3.61 (0.76)

All Pearson’s correlations are significant at the 0.001 level.
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The results on the antecedents of employee safety performance
are presented in Table 5. There is no direct relationship between
the status of performance measurement and employee safety per-
formance. However, the use of performance measurement is posi-
tively related to employee safety performance. This result
demonstrates that H2b is supported and that the use of perfor-
mance measurement fully mediates the link between performance
measurement status and employee performance. Commitment to
performance measurement is again the strongest explaining factor
of employee safety performance thereby verifying H3b. Effect sizes
for both significant paths are small. The model explains 24.9% of
the variation in employee safety performance and its predictive
relevance is medium.

A permutation test was used (Hair, Hult, Ringle, & Sarstedt,
2017) to find out whether there were significant differences
between industries in the path model studied. All the possible pair-
wise group comparisons between industries were conducted. Most
of the comparisons led to insignificant results, thereby lending
support to the external validity of the overall results with the
whole data set. Table 6 summarizes the results by including only
those pairwise comparison results that were found to be signifi-
cant. These results should be taken only as indicative since the
number of responses per industry was low, especially in the case
of the mining industry.

It can be seen that the service industry most often differs from
the other industries studied, that is, has different results in some of
the paths from the food, infrastructure construction, and manufac-
turing industries. The most notable difference is that good perfor-
mance measurement status can as such be beneficial to employee
safety performance in the service industry. In addition, advanced
performance measurement use is not similarly important for
employee safety performance in service industry. The difference
between infrastructure construction and mining industries is not
meaningful since the significantly different path was not signifi-
cant in either of the two industries. In the comparison between
infrastructure construction and service industries, the service
industry results seem to be aligned with the whole data set results,
while the infrastructure construction industry differs in the rela-
tionship between status of performance measurement and super-
visor safety performance. More specifically, it appears that in the
infrastructure construction industry there is a need for appropriate
performance measurement use to achieve both employee and
supervisor safety performance. Mere good status of performance
measurement does not suffice.

6. Discussion

Some studies have reported a link between performance mea-
surement and overall organizational performance (Franco-Santos
et al., 2012) but the understanding of its consequences for safety
performance is limited. Several studies have addressed how safety
performance is affected by factors such as organizational, eco-
nomic, communicational, psychological, procedural, and technical
factors (e.g., Kines et al., 2011; Sawacha, 1999), but the under-
standing of more specific antecedents of safety performance is
1. 2. 3. 4. 5.

1
0.585 1
0.497 0.557 1
0.366 0.410 0.418 1
0.341 0.411 0.454 0.632 1



Table 3
Antecedents of performance measurement use.

Antecedent PLS SEM analysis results Conclusion

b VIF t-value Significance (p-value) F2

Status of performance measurement 0.399 1.341 8.444 0.000 0.214 1. part of H2 supported
Commitment to performance measurement 0.360 1.341 7.154 0.000 0.184 H1 supported
R2 0.445
R2 adjusted 0.441
Q2 0.201

Table 4
Antecedents of supervisor safety performance.

Antecedent PLS SEM analysis results Conclusion

b VIF t-value Significance (p-value) F2

Status of performance measurement 0.183 1.629 2.678 0.007 0.026 Partial mediation for H2a
Performance measurement use 0.174 1.803 2.190 0.029 0.021 2. part of H2 supported ? H2a supported
Commitment to performance measurement 0.246 1.587 3.517 0.000 0.050 H3a supported
R2 0.248
R2 adjusted 0.240
Q2 0.139

Table 5
Antecedents of employee safety performance.

Antecedent PLS SEM analysis results Conclusion

b VIF t-value Significance (p-value) F2

Status of performance measurement 0.092 1.629 1.421 0.155 0.007 Full mediation for H2b
Performance measurement use 0.201 1.803 2.736 0.006 0.028 2. part of H2 supported? H2b supported
Commitment to performance measurement 0.297 1.587 3.864 0.000 0.074 H3b supported
R2 0.249
R2 adjusted 0.240
Q2 0.153

Table 6
Industry comparisons.

Industry comparison Statistically significant difference in path (permutation test p value) Result in path (industry 1) Result in path
(industry 2)

Food and service Status of performance measurement? Employee safety
performance (0.043)

�0.016, N.S. (food) 0.524, p = 0.013
(service)

Performance measurement use? Employee safety performance
(0.023)

0.414, p = 0.005 (food) �0.211, N.S. (service)

Infrastructure construction and
mining

Status of performance measurement? Performance measurement
use (0.028)

0.206, N.S. (infrastructure
construction)

0.687, N.S. (mining)

Infrastructure construction and
service

Status of performance measurement? Supervisor safety
performance (0.031)

�0.052, N.S. (infrastructure
construction)

0.472, p = 0.019
(service)

Manufacturing and service Status of performance measurement? Employee safety
performance (0.026)

�0.087, N.S. (manufacturing) 0.524, p = 0.008
(service)

Performance measurement use? Employee safety performance
(0.007)

0.593, p = 0.001 (manufacturing) �0.211, N.S. (service)
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far from clear. Earlier studies have examined performance mea-
surement, for example, as a part of a safety culture survey (e.g.,
Stemn et al., 2019) or measured the impact of leading indicators
on overall safety performance (e.g., Alruqi & Hallowell, 2019).
However, to the best of our knowledge, this is the first study to
address the links between the maturity of performance measure-
ment and management and safety performance. More specifically,
this study contributes to the literature by shedding light on how
performance measurement is related to safety performance and
how commitment to performance measurement and the use of
performance information help to achieve the benefits. This study
also provides new understanding by distinguishing between the
impacts of performance measurement on employee and supervisor
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safety performance. This division also makes the results interesting
from the viewpoint of performance measurement, which is often
seen primarily as a tool for management.

The results support our hypothesis and the earlier performance
measurement research (e.g., Kaplan & Norton, 2001; Amaratunga &
Baldry, 2002) that performance measurement must be supported
by practices of using the information to gain the desired benefits.
This is a specific aspect of management practices (Vredenburgh,
2002) and policies (Geldart, Smith, Shannon, & Lohfeld, 2010)
reported in earlier studies as antecedents of safety performance.
An interesting result was that performance measurement use
was more important for employee safety performance than for
supervisor safety performance. One explanation could be that
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rewarding employees was covered in the construct of performance
measurement use. But it also makes sense that, specifically,
employees benefit from the actual managerial work supported by
performance measurement. Another interesting finding was that
the status of performance measurement had a significant effect
on supervisor safety performance, but it had no relationship with
employee safety performance. Hence, it appears that the measures
as such create benefits for the supervisors while the actual use of
performance information is essential for all employees to gain
benefits.

The results show that commitment to performance measure-
ment is even more important than the status of performance mea-
surement and its usage for both supervisor and employee
performance. Management and employee commitment to safety
have been proven to be significant factors affecting safety perfor-
mance (e.g., Chen, Wu, Chuang, & Ma, 2009; Wu et al., 2008) and
are often the key attributes captured in measuring safety culture.
Management commitment can influence the use of performance
measurement, but also has a direct impact on safety performance
(Wu et al., 2008). Hence, the finding strongly supports earlier
research and adds to it by giving some indication of the importance
between cultural factors and more technical performance mea-
surement factors in improving safety performance. It is notable
that commitment also improves the successful use of performance
measurement and hence has many positive effects in the model
studied. Goal commitment in general relates positively to commit-
ment to the results (Klein et al., 1999), and safety performance
measurement is no exception. From a performance measurement
point of view, commitment to performance measurement is espe-
cially crucial in the implementation phase of a new or updated per-
formance measurement system (Jääskeläinen & Sillanpää, 2013).
Commitment is needed to overcome the resistance typically
encountered when implementing new systems.

The model accounts for around 25% of the variation in supervi-
sor and employee safety performance, which means numerous
other factors also affect safety performance. Nevertheless, it
explains a significant part of the variance given that performance
measurement has received only limited attention in the field of
safety. For a reference point, McCabe et al. (2017) in their longitu-
dinal study concluded that safety climate represented up to 20% of
the variance in safety outcomes. These results are in alignment
with the study by Stemn et al. (2019), which reported that perfor-
mance measurement had the strongest correlation with incident
rate of the whole safety culture maturity model.

Earlier research gives a good overall understanding of the fac-
tors other than performance measurement and management con-
tributing to safety performance, such as safety leadership and
specific leadership style (Barling et al., 2002; Tappura &
Nenonen, 2016; Wu et al., 2008; Zohar, 2010), safety training
(Tappura, Jääskeläinen, & Pirhonen, 2021; Vinodkumar & Bhasi,
2010), safety communication and dialogue (Griffin & Neal, 2000;
Hale et al., 2010; Yorio & Wachter, 2014) as well as collaboration
among company personnel (Chen et al., 2009; Geldart et al.,
2010). Yorio and Wachter (2014) suggest that the complementary
use of different practices has a greater effect on safety performance
than individual practices. This also implies that the safety benefits
of performance measurement and management may be greater
when successfully connected to the above-mentioned factors
reflecting the idea of management controls as a package presented
in the literature on performance measurement and management
control (Malmi & Brown, 2008).

Most of the findings of this study were similar even when com-
paring the five industries included with each other. However, some
interesting differences were also found. Most notably, the service
industry seemed to have different results regarding the role of
the status of performance measurement in relation to safety per-
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formance. It appears that performance measurement as such is
supportive of employee safety performance, which indicates that
performance measurement provides benefits in reporting and for-
mal control mode, possibly well supported by IT systems. This also
means that additional benefits from the various ways of using per-
formance measurement are not similarly important as in the other
industries studied. It should be noted that the service company
involved in this study operates in the facilities management busi-
ness reflected by rather standard and continuous logic of opera-
tions, and these observations cannot be extended to other types
of service industries. By contrast, the infrastructure construction
industry seems to be heavily dependent on the mature use of per-
formance measurement. The existence of good performance mea-
surement and reporting systems does not create benefits even for
supervisor safety performance. This raises the bar for deriving
safety benefits from performance measurement.
7. Conclusions

This study contributes to the literature on safety management
by demonstrating a path toward safety performance supported
by mature performance measurement and management. The
maturity of performance measurement and management is a much
more complex issue than the much-discussed shift from lagging to
leading indicators. This study further contributed to the literature
through the use of a new evaluation instrument that elucidated
the status practices of performance measurement and manage-
ment in the context of safety management. It also advanced the
current knowledge by shifting the attention from technical mea-
surement design into implementation of measurement and actual
use of performance information.

The results show how safety performance measurement can be
implemented to gain its potential benefits. While managers may
benefit directly from advanced performance measures, the wider
performance benefits among employees materialize only by
through using performance measurement properly and commit-
ting employees to it.

This study also has limitations that should be acknowledged.
Since the data were gathered in a single period of time, it cannot
fully verify causalities between the factors studied. This study con-
centrated on the role of safety performance measurement and
management in creating conditions for the process toward better
safety in an organization. It should be acknowledged that this pro-
cess includes many physical and non-physical factors, which were
not in the focus of this study. Qualitative studies are also needed to
better understand and elaborate on the complex interconnections
between the multifaceted factors contributing to successful safety
performance measurement and management. The respondent pop-
ulation of this study did not include operative employees since the
survey was not designed for that employee group. A further qual-
itative study would be an appropriate way of elucidating employee
perceptions of the benefits of performance management and the
maturity of performance measurement. Qualitative studies also
have potential in identifying means to develop the use of safety
performance measurement to satisfy the needs of different
employee groups.

This study identified some differences in the results between
industries, which may be explained by specific industrial contin-
gencies. Due to the limited number of observations per industry,
these context-specific findings should be regarded as indicative.
For example, the service industry observations represent only a
specific type of services (i.e., facilities maintenance) and not a
wider spectrum of services. Further studies should test further
and elaborate the differences between various contexts in gaining
safety performance benefits. For example, the balance between
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performance measurement (as a formal control mechanism) and
more informal supportive practices may vary between different
contexts, as was seen, for example, in the case of service industry
in this study. Further studies could also ascertain the relationships
between safety culture and performance measurement in the pur-
suit of safety performance.
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Appendix 1. Measurement scale for the maturity of safety
performance measurement and management

Performance measurement status
Links between occupational safety performance measurement

objects (MS1).

� Linkages between measurement objects have not been
considered.

� Linkages between measurement objects are discussed in the
organization.

� Factors explaining the main measurement results are partially
identified.

� Linkages between measurement objects are analyzed and mod-
eled (e.g. with a strategy map). There is a common understand-
ing in the organization regarding the factors that should be
improved to affect the main measurement results.

Reliability of occupational safety-related performance informa-
tion (MS2).

� Top managers do not trust the performance information.
� There are several interpretations of the performance informa-
tion. Employees do not trust the performance information.

� There are differing interpretations of some parts of the perfor-
mance information. Top managers trust the performance
information.

� Indicators provide mainly unambiguous information. Employ-
ees trust the performance information.

Process for reviewing and updating occupational safety perfor-
mance indicators (MS3).

� New indicators are not taken into use.
� New indicators are taken into use in a random manner.
� New indicators are taken into use when needed but the useful-
ness of the old indicators is not evaluated.

� There is a regular evaluation and development of indicators. Old
indicators are discarded when necessary.

Information systems in gathering occupational safety-related
performance information (MS4).

� Performance information is gathered manually when needed.
� Performance information is gathered manually to a large extent.
Only information on a few key indicators is gathered
automatically.

� Most of the performance information is gathered with informa-
tion systems. Information systems enable the provision of infor-
mation in real-time.

� Performance information is gathered automatically. The most
important information systems communicate which each other
and include consistent data.
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Commitment to performance measurement
The role of employees in gathering occupational safety-related

performance information (CC1).

� Employees do not report incidents affecting safety.
� Employees report only incidents seriously affecting safety.
� Employees also report incidents with a minor effect on safety.
� Employees are active in taking initiatives to improve safety
performance.

Employee commitment to occupational safety performance
measurement (CC2).

� Personnel regard measurement as an extra burden.
� There is no major criticism of measurement among employees.
� Measurement is regarded as useful in the work community. The
views of employees are taken into account when developing
measurement.

� Employees feel that measurement improves fairness (e.g. in
rewarding). Employees initiate efforts to improvemeasurement.

Managerial support for occupational safety performance mea-
surement (CC3).

� Performance measurement has no managerial support at any
level.

� Top management supports performance measurement.
� Supervisors regard performance measurement as important and
employees are encouraged to gather and report performance
information.

� Sufficient resources and training are provided to implement
performance measurement.

Resources for occupational safety performance measurement
(CC4).

� There are no resources for sustaining safety performance mea-
surement practices.

� Thereare sufficient resources for reporting thecurrent indicators.
� There are sufficient resources for systematic analysis of our cur-
rent indicators

� There are sufficient resources for systematic development of
new indicators and evaluation of the old indicators.

Performance measurement use
Use of performance information in planning occupational safety

issues (USE1).

� Performance information is utilized in analyzing only past
incidents.

� Performance information is utilized to identify and analyze
risks.

� Performance information is systematically utilized to prevent
occupational safety problems and to improve work practices.

� A wide range of experts collaborates in the prevention of inci-
dents affecting occupational safety and development of work
practices. This work is supported by a wide range of perfor-
mance information.

Defining action plans related to occupational safety (USE2).

� Indicators are not used in identifying aspects for development.
� Indicators are used in the identification of aspects in need of
development (e.g. identifying a part in the process which causes
many safety hazards).
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� Indicators are used to support the preparation of action plans
(e.g. prioritizing of procedures).

� Definition and implementation of action plans are done system-
atically and mainly based on performance information (e.g.
action plans are prioritized and controlled with the support of
performance information).

Development of occupational safety competencies (USE3).

� Indicators are not linked to occupational safety competencies.
� Indicators are used to identify occupational safety competencies
(e.g. results of appraisal interviews, training costs/employees
per year).

� Occupational safety competencies are constantly monitored in
the organization (e.g. self-evaluations, employees fulfilling
qualifications) to identify development targets.

� Individual competence development plans are created for the
employees on the basis of performance information.

Use of occupational safety performance measurement at differ-
ent levels (USE4).

� Indicators are utilized only at the level of the whole
organization.
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� Indicators are utilized at the supervisor level.
� Indicators are utilized at the employee level (e.g. in appraisal
interviews).

� Indicators are utilized at the level of suppliers and subcontrac-
tors operating on our premises.

Use of performance information in occupational safety manage-
ment of supply chains (USE5).

� Supplier/contractor safety performance is not monitored.
� Supplier/contractor safety is evaluated in contract preparation
and a target level for safety is set.

� Performance information regarding safety of suppliers/contrac-
tors is regularly monitored.

� Performance information supports communication and collabo-
ration development with suppliers/contractors.

Safety performance
Likert scale (1–5), strongly agree, agree, neither agree nor dis-

agree, disagree, strongly disagree.
Supervisor safety performance (SPV1-5, see Appendix 2).
Employee safety performance (EP1-4, see Appendix 2).
Appendix 2. Measurement items, loadings, construct reliability and validity scores
Construct
 Item
 Loading
 CR
 AVE
Performance measurement status
 MS1 Links between occupational safety performance measurement
objects
0.743
 0.807
 0.512
MS2 Reliability of occupational safety-related performance
information
0.658
MS3 Process for reviewing and updating occupational safety
performance indicators
0.708
MS4 Information systems in gathering occupational safety-related
performance information
0.666
Commitment to performance
measurement
CC1 The role of employees in gathering occupational safety-related
performance information
0.758
 0.830
 0.551
CC2 Employee commitment to occupational safety performance
measurement
0.784
CC3 Managerial support for occupational safety performance
measurement
0.670
CC4 Resources for occupational safety performance measurement
 0.702
Performance measurement use
 USE1 Use of performance information in planning occupational
safety issues
0.725
 0.837
 0.508
USE2 Defining action plans related to occupational safety
 0.700

USE3 Development of occupational safety competencies
 0.681

USE4 Use of occupational safety performance measurement at
different levels
0.642
USE5 Use of performance information in occupational safety
management of supply chains
0.690
Supervisor safety performance
 SVP1 Supervisors encourage employees here to work in accordance
with safety rules - even when the work schedule is tight.
0.806
 0.894
 0.630
SVP2 Supervisors ensure that every-one receives the necessary
information on safety
0.822
SPV3 Supervisors ensure that safety problems discovered during
safety rounds/evaluations are corrected immediately.
0.785
SPV4 Supervisors make sure that every-one can influence safety in
their work environment.
0.807
SPV5 Supervisors look for causes, not guilty persons, when an
accident occurs.
0.709
(continued on next page)
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Appendix 2 (continued)
Construct
 Item
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Loading
 CR
 AVE
Employee safety performance
 EP1 Employees try hard together to achieve a high level of safety.
 0.833
 0.901
 0.696

EP2 Employees help each other to work safely.
 0.854

EP3 Employees never accept risk-taking even if the work schedule is
tight.
0.751
EP4 Employees take each other’s opinions and suggestions
concerning safety seriously.
0.860
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