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Occupational health and safety (OHS) has been found to have a significant
impact on an organization's performance, which is why successful safety man-
agement and performance management are essential in companies. Challenges
for management are posed by the large amount of measurement data related to
workplace safety. The overall picture of the factors related to the improvement of
occupational health and safety is unclear, and the efficiency of the indicators is
not fully known. This master's thesis studies how safety performance can be mod-
eled visually as a map. The research aims to identify factors that affect a compa-
ny's safety performance, understand the relationships between these identified
factors, and study how the factors can be measured.

The theoretical part of the study is a literature review that examines previous
academic research on the topics of safety management and performance meas-
urement. A general level theoretical framework that describes the perspectives
influencing safety performance is created based on the literature findings. The
framework was supplemented in the empirical phase of the study by a more de-
tailed description. Also, the theory of measuring safety performance was studied.
It was found that the literature recommends emphasizing the use of proactive
indicators in safety management.

The empirical part of the study was conducted as a qualitative multiple case
study. Four companies from different industries participated in the creation of the
safety performance map, and the map was later tested in three companies. The
qualitative material of the research consisted of the notes of the workshops orga-
nized during the research project.

The study identified a wide range of factors affecting safety performance and
found relationships between some of them. The factors were found to be broadly
the same in different industries. However, the factors were found to be specified
or emphasized depending on the industry, size, geographical fragmentation,
stage of the company's life cycle, and the company's safety maturity. Based on
the study, the current safety measurement in companies focuses on measuring
only a few factors, and proactive measures are lacking. The study presents ex-
amples of proactive leading, qualitative indicators identified in the literature. The
proposed indicators can be used to measure the factors more accurately.

Keywords: Occupational health and safety, safety performance, safety
management, indicators, performance management
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Tyoterveydelld ja -turvallisuudella (jatkossa turvallisuus) on havaittu olevan
merkittava vaikutus organisaation suorituskykyyn, minka vuoksi tyoturvallisuuden
ja suorituskyvyn onnistunut johtaminen on yrityksissa olennaista. Haasteita johta-
miselle aiheuttaa tyopaikkojen turvallisuuteen liittyvan mittaustiedon suuri maara.
Kokonaiskuva tyoturvallisuuden parantamiseen liittyvista tekijoista on epaselva ja
eikd mittareiden vaikuttavuutta taysin tunneta. Tassa diplomitydssa tutkitaan,
kuinka turvallisuussuorituskykya voidaan mallintaa visuaalisesti kausaalisuhteita
esittavan kartan avulla. Tyon tavoite on selvittaa tekijat, jotka vaikuttavat yrityksen
turvallisuustasoon, ymmartaa naiden tunnistettujen tekijoiden valisia suhteita ja
tutkia, kuinka tunnistettuja tekijoita voidaan mitata.

Tutkimuksen teoria perustuu akateemisen kirjallisuuden tarkasteluun turvalli-
suuden johtamisen ja suorituskyvyn mittaamisen aloilta. Projektitutkimuksessa
luotiin teoriaan pohjautuen turvallisuussuoritustason muodostumiseen vaikuttavia
tekijoita kuvaava yleisen tason viitekehys. Tata viitekehysta syvennettiin diplomi-
tyon empiirisessa osiossa yksityiskohtaisemmaksi kuvaukseksi. Teoriaa tarkas-
teltiin lisaksi turvallisuussuorituskyvyn mittaamisen valossa. Tutkimuksessa ha-
vaittiin kirjallisuuden suosittelevan painottamaan turvallisuusjohtamisessa enna-
koivien mittareiden kayttoa.

Tutkimuksen empiirinen osio toteutettiin laadullisena monitapaustutkimuksena.
Turvallisuussuorituskyvyn kartan luomiseen osallistui nelja yritysta eri toimialoilta
ja lisaksi karttaa testattiin kolmessa yrityksessa. Tutkimuksen laadullinen aineisto
koostui tutkimuksen aikana jarjestettyjen tyopajojen muistiinpanoista, minka li-
saksi tyossa hyodynnettiin ennen diplomityotutkimuksen aloittamista jarjestetyista
tyopajoista kerattya aineistoa.

Tutkimuksessa tunnistettiin laaja joukko turvallisuustasoon vaikuttavia tekijoita
ja osan tekijoista valille I6ydettiin syy-seuraussuhteita. Tekijoiden havaittiin olevan
paapiirteittain samoja eri teollisuuden aloilla. Tekijoiden havaittiin kuitenkin tas-
mentyvan eri tavoin yrityksen toimialasta, koosta ja organisaation turvallisuusta-
son kypsyystilasta riippuen. Tutkimuksen perusteella vaikuttaa, etta yritysten ny-
kyinen mittaaminen painottuu ainoastaan muutaman turvallisuuteen vaikuttavan
tekijan mittaamiseen eika ennakoivia mittareita ole laajalti kaytossa. Tutkimuk-
sessa esitetaankin esimerkkeja kirjallisuudesta I0ytyvista ennakoivista, laadulli-
sista mittareista, joiden avulla eri tekijoita voidaan mitata tasmallisemmin.

Avainsanat: Tyoterveys ja -turvallisuus, turvallisuussuorituskyky,
tyoturvallisuusjohtaminen, mittarit, suorituskyvyn johtaminen
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1.INTRODUCTION

1.1 Background

Occupational health and safety (OHS) management, often also referred shortly as safety
management, is known to positively affect safety performance, competitiveness perfor-
mance, and economic-financial performance (Fernandez-Mupiz et al. 2009). Also, K6-
per et al. (2009) have identified a relationship between occupational health and safety
and overall business performance and competitiveness. They report the interconnection
between employee health-related issues and key performance factors, such as quality,
productivity, cost reduction, and absenteeism. While successful safety management
benefits are known, there are challenges in realizing the full potential of performance
measurement (Bititci et al. 2011) that strongly guide management activities. The overall
picture of the factors that contribute to improving occupational safety - and thereby im-

proving the performance of the entire organization - remains unclear.

The influence of different factors on the formation of safety performance has been pre-
viously studied in the literature. Wu et al. (2008) found an interconnection between safety
leadership, safety climate, and safety performance. They state that other factors, such
as organizational leadership, organizational culture, safety culture, and organizational
performance, may all affect safety performance, but this aspect needs more research to
confirm and generalize the findings. According to Blair (2003), safety culture and leader-
ship must both be improved to influence safety performance positively. Aksorn et al.
(2008) go more in detail, stating that the most influential factor affecting safety perfor-
mance is management support. However, although existing literature has identified fac-
tors affecting the safety performance, in the current models, the emphasis has been
mainly on these separate components rather than describing the whole cause-effect
chain influencing the safety performance. Thus, there is an identified demand for further

research that examines the factors affecting safety performance on a broader scope.

One study about the causal chains of OHS and the business performance is a research
of Kdper et al. (2009), where they studied the theme in an automobile manufacturing
company. They found cause-effect relationships, but the different components in the
model they reported remain somewhat generic. They were not able to provide a very

detailed description of the factors contributing to performance, as such detail level factors



often appeared in the study only as individual cases, and the findings could not, there-
fore, be generalized. Also, the subject was studied only in one rather niche industry, and
thus, it would be interesting to see how the results would differ if different industries were

involved in the research.

Identifying occupational safety-related factors and their interactions is an important re-
search subject, as it helps to understand how safety interventions and improvements can
impact the organization's OHS performance. If the causal chain leading from OHS-re-
lated factors to OHS performance is not clearly understood, there is a risk for ineffective
safety interventions. (Cagno et al. 2011) The challenge is that the interventions to im-
prove occupational safety are multidimensional, which is why explicit before and after
assessments of their effect on performance is difficult (Hale et al. 2010). This aspect can
be seen to indicate that there is a need for investigating which factor contributing to the
safety performance the interventions effect on. According to Képer et al. (2009), more
research is required in particular to find suitable targets and measures for the different
components of the safety performance causal chain to develop the measurement of

safety performance.

There are numerous uses to take advantage of performance measurement in manage-
ment work. Performance measurement is used to plan, control, and lead the work of the
organization (Cousins et al. 2008, p. 242). Managers can utilize performance measure-
ment to demonstrate the company's objectives to employees and motivate them to
achieve these goals, justify rewarding, monitor the progress of the business, benchmark-
ing to competitors' positions, and communicate performance to internal and external
stakeholders (Neely 1998, p. 71-89). Even though performance measurement is consid-
ered advantageous, there are some challenges in efficiently executing measuring and
data utilization. Overall, organizations seem to be having difficulties in turning measuring

data into action (Sinelnikov et al. 2015).

Initially, performance measurement focused on financial information, but more recently,
one of the research topics of performance measurement that has attracted increasing
interest has been the measurement of intangibles (Petty and Guthrie 2000). However,
measuring the value of intangible elements such as employee skills, employee well-be-
ing, company image, customer relationships or safety is often considered difficult (L6-
nnqvist 2004, p. 23; Tappura et al. 2015). In fact, in the context of safety performance
measurement, it is the proactive performance measures in intangible elements that ap-
pear to be most effective in influencing occupational safety and preventing accidents

(Vredenburgh 2002; Haslam et al. 2016). Recently, interest in proactive measures, also



known as leading indicators, has increased in both the literature and business (e.g. Hinze
et al. 2013).

1.2 Research objectives and questions

The objective of this thesis is twofold. Firstly, the study aims to determine the various
factors that influence a company's safety performance and understand the relationships
between these identified factors. The work focuses particularly on the perception of
measurement objects relevant to proactive measurement, as the need for developing
and emphasizing proactive measurement in occupational safety management has been

identified both in the literature and in the case companies involved.

Once the measurement objects that affect safety performance have been identified, the
study seeks to identify indicators for measuring these different factors. Like the identifi-
cation of measurement objects, the focus is also especially in the development of new
performance measures in intangible elements that are crucial for preventing harm. The
presented indicators and their usefulness are to be evaluated more closely in one case

company.
Consequently, the following questions are addressed as research questions:
RQ1. What are the key factors affecting safety performance?
RQ2. How can the factors affecting safety performance be measured?

To answer the first research question, this thesis aims to introduce a safety performance
map, a framework that illustrates perspectives and more detailed factors affecting safety
performance and their relation to each other. The purpose of creating safety performance
maps is to provide companies a tool for identifying the mechanisms of improving safety
performance. Maps are to be utilized in analyzing and reporting performance, as well as
in the identification of development targets in performance measurement. The idea is
that the map will reveal the coverage of the current measurement of companies in rela-
tion to the representation of performance factors on the map. Also, the map can be used
to evaluate performance measurement status and support the implementation of safety
strategies. The map presents the result (e.g., financial performance) to which different

causes are linked (e.g., employee welfare, management commitment).

The map is then supplemented by linking the existing safety performance measures used
in the four case companies surveyed and the measures used in the companies involved

in the testing of the map to each of the safety performance perspectives. The list is then



further supplemented with the measures identified from the literature. The previous as-
pects are done to answer the second research question. The aim is to create a univer-
sally valid model describing the safety performance and present a list of universal indi-
cators for the benefit of companies from different industrial sectors. Moreover, a compre-
hensive and concrete study is conducted in one of the case companies to assess the

usefulness of the proposed indicators.

1.3 Research context and scope

This thesis is done as a part of the SafePotential research project. The SafePotential
project is a two-and-a-half-year (1/2019-6/2021) research and development project of
performance measurement in support of safety management. The project is part of a
more extensive European Saf€ra research program, and thus, it involves researchers
also from the University of Belgrad and the University of Twente. The project is funded
by the Finnish Work Environment Fund, Tampere University, and four case organizations

partaking to the research.

The motivation for this study stems from the need for research identified in the literature
as described above, but also from the practical demands and wishes of the project's case
organizations. The scope of this thesis is not restricted to certain industrial sectors or
sizes of organization, but the four Finnish companies involved all represent different in-
dustries. The companies represent manufacturing and service of cranes and lifting equip-
ment, infrastructure sector, food industry, and environmental, facility, and industrial sup-
port services. In the food industry company, a more comprehensive research is carried
out. With the company, the findings of the study are assessed in more detail. In addition
to the actual case companies, three companies, again from different industries, will par-
ticipate in the test phase of the study. A diverse set of sectors provides useful information
about industry-specific features and, on the other hand, confirms the generalizability of

the findings.

Although safety can be discussed in terms of different aspects in the organizational and
corporate context, this thesis's scope is restricted to occupational health and safety. The
SafePotential project and this thesis focus on the research of performance measurement
in support of safety management. Therefore, occupational health and safety is ap-
proached specifically from a management perspective. Even though management can
be considered to include leadership, these aspects are discussed separately in this
study. The distinction between management and leadership is considered notable, as

the research aims to determine the detailed factors contributing to a company's safety



performance. Besides, leadership has typically received less attention in the OHS man-
agement literature (Tappura 2017, p. 31), and therefore this study seeks to emphasize
this aspect. However, since the manager cannot manage without the persons to be di-
rected, the employees and especially their attitudes and beliefs, so culture, is part of the
OHS management scope. Because a company’s goal is ultimately to make a profit for
its owners and management aims to improve the performance leading to this; also the

economic effects occupational health and safety management are included in the scope.

1.4 Structure of the thesis

This study begins with a literature review presented in the following three chapters. First,
the key concepts of this study are briefly defined. Then the theory of management of
occupational health and safety is reviewed to get a general understanding of the theme.
Subsequently, Chapter 4 first examines the theory of performance measurement at a
general level and then goes deeper into the measurement of safety performance and

particularly to the practice of proactive measuring.

The fifth chapter discusses the methodological choices of this research. Also, the data
collection methods and the research process are described in detail. After that, the em-
pirical part follows. The sixth chapter presents the analysis and the results of empirical
research, that consist of two different parts. The chapter first answers the first research
questions by presenting the created safety performance map and measurement findings.
The latter part of the empirical research focuses on evaluating how the findings of the
research work in practice through testing and discussions carried out in one of the case

companies.

At the end of the study, the discussion is presented in the seventh chapter and is followed
by conclusions in Chapter 8. This chapter summarizes the main findings of the research
and presents an evaluation of research reliability and validity. The chapter also discusses
the utilization of research results from a business perspective and considers the limita-
tions and conditions for the use. The need for further research is considered by present-

ing further research proposals.



2. KEY CONCEPTS

2.1 Occupational health and safety

Safety is considered as freedom from unacceptable risk or harm (ISO/IEC 2004). In this
thesis, safety is examined in the occupational context. In this context, safety is commonly
referred to as occupational safety and health (OSH), occupational health, occupational

safety, or occupational health and safety (OHS). OHS concerns the physical and mental

health and safety of people in working environment. It can be defined more precisely as
conditions and factors which have or may have an effect the health and safety of workers
or anyone else at the workplace (BS 18004:2008). In this research, the term safety is
commonly used instead of occupational health and safety and OHS to mean health,

safety, and welfare issues in the workplace.

The largest employers' association in Finland, the Confederation of Finnish Industries
(EK) (2016), has developed a corporate safety model, and occupational health and
safety is described to be one part or a sector in the model. The different sectors in the
model provide a basis for understanding and examining the company's overall safety.

The model is presented below in Figure 1.

Safety management

Information

security
‘ ’ Building and

property
safety

Production
safety

Management

Occupational Business of abuses &
safety and continuity, anomalies
health
safety and
compliance -

Preparedness
& crisis
management

Rescue
safety

Personnel
safety

Safety culture

Figure 1. Corporate safety (modified from Confederation of Finnish Industries (EK)
2016).



For the purposes of this study, safety refers above all to occupational safety and health.
This research also touches on the topics of production safety, process safety, product
and service safety, and environmental safety, as the occupational safety and health can-
not entirely be isolated from the other themes. However, these themes are not in the

main scope of the study.

Occupational health and safety can be compromised due to an occurrence of a harmful

event at a workplace. These events are referred as incidents. Incident is determined as

an occurrence arising out of, or in the course of, work that could or does result in injury
and ill health. A specific type of incident where an injury actually occurs is sometimes
referred as an accident, whereas a near-miss is an incident where no injury occurs.
(SFS-1ISO 45001:2018)

2.2 Performance

Although the term performance is commonly used, its definition varies depending on the
context in which it is spoken. It can refer to performing a play or a piece of music, but in
the organizational context, it is often referred as “the measurement object's ability to
achieve results in relation to goals” as Lonnqvist (2004, p. 28) defines it. van Dooren et
al. (2015, p. 20) defines performance simply by stating that “performances are the out-
puts and outcomes of activities” but van Dooren et al. adds that the definition does not
really tell much about the substantive content of performance, nor does this definition

describe the relationship between performance and a goal.

In this thesis, the concept of performance is defined similarly to Lonnqvist (2004, p. 28)
in relation to goals. Performance is understood to mean the set of activities, abilities, and
outputs and the ratio in which they meet an organization's goals. So not only the end
result is taken into account, but performance also includes means and abilities to perform
well. In the context of occupational health and safety, performance is referred to as safety
performance, which can be considered to be part of organizational performance (Wu et
al. 2008). Safety performance influences the organization's performance through, for ex-
ample, reduced accident costs and improved productivity (Tappura et al. 2015). Safety
performance refers to safety events, such as accidents at work or safety behaviors (Hale
et al. 2010). Safety performance measurement covers reactive and proactive measure-
ment, the former focusing more on results (e.g., accidents at work and sick leave) and

the latter on activities (e.g., safety behaviors).



2.3 Measurement

According to Tarrants (1980, p. 4), the purpose of measurement is “to represent the char-
acteristics of observations by symbols that are related to each other in the same way
that the observed objects, events, or properties are related”. Boumans (2007, p. 3) de-
scribes measurement in economics as “the assignment of numerals to a property of ob-
jects or events according to a rule to generate reliable information about objects or
events”. This description highlights one of the central measurement problems: reliability.
Hannula and Lénnqvist (2002, p. 53) give a definition of reliability, according to which
reliability describes a measure's ability to produce accurate results. However, according
to Hannula and Lénnqvist (2002, p. 53), high reliability does not guarantee the validity of
a measure to be fulfilled. Validity is another characteristic of a successful measurement.
A valid measure produces information that is representative of what is being measured
(Tarrants 1980, p. 16). In addition to its reliability and validity, there are many other cri-
teria for a good measure, such as stability and efficiency (Tarrants 1980, pp. 16-20). The
requirements for successful performance measurement are covered in the literature re-

view in the sub-chapter 4.4. Indicator selection principles.

Both Tarrants (1980) and Boumans (2007) use terms object and event in their above
definitions of measurement. In general, these terms, thus the phenomena that are meas-

ured are called measurement objects. Measurement objects can be related, for instance,

to the activities, outputs, or outcomes of an organization (Jaaskelainen 2010, p. 9), and
they can include either material or immaterial things (Lénnqvist 2004, p. 29). In the con-
text of performance measurement, these measurement objects are often called success
factors (Lonnqvist 2004, p. 31).

Measurement is commonly carried out through measures. Lénnqvist (2004, p. 31) de-
fines a measure as “the means for determining the status of an attribute or attributes of
a measurement object”. Another definition specifies a measure as “a quantitative value
that can be scaled and used for purposes of comparison” (Simons 2000, p. 234). The
terms measure and indicator are often used as synonyms (Hannula and Lénnqvist 2002,
p. 46). In this study, the specific interest is in measuring safety performance, and in this
field, measures are often referred to as indicators. For this reason, the term indicator is
also commonly used in this study. Measures can be classified in various ways for the
purposes of performance measurement. These performance measurement types are
examined more in detail later in this study in sub-chapter 4.1 Process of developing a
performance measurement system and in the OHS measurement context in sub-chapter

4.3 Categorization of safety performance indicators.



2.4 Performance measurement

Now that the terms performance and measurement are defined, next a combination of
these terms, the concept of performance measurement can be explained. Performance
measurement is a significant part of performance management (Fryer et al. 2009). Han-
nula and Lénnqvist (2002, p. 46) state that there is no single well-known definition for
performance management, but according to them, the term emphasizes that measure-
ment is used systematically and actively to manage and develop the performance of
different business activities. These business activities may include, for example, decision
making, control, signaling, external communication, education, and learning (Simons et
al. 2000, p. 67). Table 1 summarizes different definitions of performance measurement

in academic literature.

Table 1. Different definitions of performance measurement in the literature

Reference Definition

(Neely et al. 1998, p. 5) Performance measurement is a process of quanti-
fying the efficiency or effectiveness of a past ac-
tion.

(Hannula and Lénnqvist 2002, p. Performance measurement is a process used to

47) determine the status of an attribute relevant to the

performance of the measurement object.

(Lemieux-Charles et al. 2003) Performance measurement is monitoring that
shows where change is required, and which will, in
turn, produce the desired behavior that will pro-
duce improved performance.

(Lénnqvist 2004, p. 31) Performance measurement is a process used to
determine the status of an attribute or attributes of
the measurement system.

(Radnor and Barnes 2007) Performance measurement is quantifying, either
quantitatively or qualitatively, the input, output, or
level of activity of an event or process.

It can be seen from Table 1 that different descriptions do not vary significantly from their
basic elements. While Neely et al. (1998, p. 5) seem to emphasize performance meas-
urement on historical events, Lemieux-Charles et al. (2003) instead highlight its focus on
revealing future development needs. Instead, Neely et al. (1998, p. 5), Hannula and L6-
nnqvist (2002, p. 47), and Lénnqvist (2004, p. 31) all emphasize the process nature of
performance measurement in their definitions. Hannula and Lénnqvist (2002, p. 47) de-
scribe this process of measurement to consist of different phases, such as selecting ap-

propriate measures, agreeing on measurement principles, setting performance goals,
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calculating and reporting the results, taking corrective actions as well as regularly as-

sessing the measures.

In this thesis, performance measurement is defined, similarly to Lonnqvist (2004, p. 31),
as a process of determining the statuses of the measurement system's attributes. Also,
in this thesis's context, performance measurement relates widely to all quantitative infor-
mation related to occupational safety. This information includes, for example, lost time
incident frequency rate (LTIF), a number of reported hazardous situations, days lost
through occupational injury, days lost through illness, safety climate scores, job satisfac-

tion scores, or related cost follow-up.

The performance measures used in the organization together form a performance meas-
urement system. According to the definition of Hannula and Lénnqvist (2004, p. 43), a
set of measures necessary for the performance of a measured object is called a perfor-
mance measurement system. Lénnqvist (2004, p. 33) challenges this definition by point-
ing out that, in practice, a measurement system often includes irrelevant measures but
then again may lack measures that would provide essential information to the organiza-
tion. This perception is at the core of this study, as it aims to determine which measures

should be included in companies' performance measurement system.

2.5 Safety performance measurement

In academic literature, there is no standard definition for OHS or safety performance, but
the concept is multidimensional, and the definitions depend on differences in purpose or
subject of the research (Liu et al. 2013). Burke et al. (2002) describe safety performance
as actions or behaviors that individuals exhibit at work to promote the health and safety
of people and the environment. In this thesis, safety performance is used as a synonym
for more formal occupational health and safety performance. As described earlier, for the
purposes of this study, safety performance measurement is seen as a process of deter-
mining the statuses of attributes of the safety measurement system. These attributes can
be, for example, individuals' attributes, such as understanding or behavior or organiza-

tions' attributes such as management's involvement in safety issues.

Measuring the safety performance is usually considered problematic because measures
such as accident rates and compensation costs are reactive in nature, i.e., they only
appear after an event, such as an accident. Besides, accidents are relatively rare
(Cooper and Phillips 2004). Christian et al. (2009) see safety performance to consist of
two related concepts. They make a distinction between measuring safety outcomes,

such as the number of workplace injuries per year with tangible measures and measuring
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safety-related behaviors, such as wearing protective equipment. Thus, the problematic
relation to safety performance measurement that Cooper and Phillips (2004) describe
can be seen to be more related to measuring safety outcomes with lagging indicators.
When assessing safety performance, other types of indicators are also used: leading
indicators are often process focused and measures actions taken to improve health,
safety and wellbeing and prevent undesirable events before they occur (ISSA 2020,
p.12). International Social Security Association, ISSA (2020, p. 12) distinguishes proac-
tive leading indicators from the leading indicators as a separate level. Proactive leading
indicators focus on recognizing, creating, using and evaluating opportunities for continual
improvement (ISSA 2020, p.12).

From a safety management viewpoint, information gathered from different measures is
needed mainly to decide where to focus the safety-related actions, such as safety inter-
ventions (Hale 2009; Bitichi et al. 2011). Information is also used to monitor the level of
safety, motivate actions, and link performance to rewards (Hale 2009; Bititci et al. 2011;
Cocca and Alberti 2010). According to Zwetsloot et al. (2020) the performance infor-
mation provided by indicators can be used internally to improve safety, health and well-
being, towards external business relations and supply chains, and facilitate internal and
external benchmarking. Lastly, performance information can be used to develop occu-

pational safety competencies (Tung et al. 2011).
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3. MANAGEMENT OF OCCUPATIONAL HEALTH
AND SAFETY

3.1 Safety management and safety leadership

Safety management is carried out through an occupational health and safety manage-
ment system (OHSMS), a safety management system for short. The management sys-
tem includes various company functions and areas, such as organizational structure,
planning activities, responsibilities, processes, and resources (BS 18004:2008). The
safety management system is part of the organization’s larger management system (BS
18004:2008) and consists of a collection of managerial procedures used to reduce oc-
cupational injuries and ill health in the workplace (Frick and Wren 2000). According to
Fernandez-Mufiiz et al. (2007) the development of the safety management system
should be considered as a means to create awareness, understanding, motivation and

commitment among all the members of an organization.

Hale et al. (2010) explain the safety management system to be influenced by policy,
regulation, market, and other societal forces. Safety management system, so plans, pro-
cedures, resources, and controls are used to prepare, guide, and optimize individual and
group level actions at work. Monitoring and communication in the form of feedback are
used to ensure that the safety performance objectives are met. If an accident happens
in the level of work processes and methods, it should be noticed through monitoring and
that should trigger changes in the safety-related IT-systems and safety management

system itself. The loop describing the management of safety is presented in Figure 2.

Regulatory, societal
and market forces

L 2
Safety
management
system
Resources
Monitori ' and
fee(:!rl:]::?::ﬁrd “ Individual and control
learning group control
L 2

Design and

Work processes
and :nethods 0 maintenance of
technology
Output:

Production, safety,
etc.

Figure 2. Safety management framework (adapted from Hale et al. 2010).
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In the literature, management and leadership are traditionally separated due to their dis-
tinct processes or roles (Yukl 2010, p. 25). Especially leadership is found to play a crucial
role in the way safety is managed in the organizations (Lutchman et al. 2016, p. 74).
However, the leadership perspective is not usually emphasized in OHS management
literature (Tappura 2017, p. 31). Yukl (2010, p. 26) defines leadership as a process for
influencing others to understand and agree on what needs to be done and how to do it.
Yukl (2010, p. 26) continues the definition by adding that leadership includes a process
to facilitate individual and collective efforts to achieve common goals. Lutchman et al.
(2016, pp. 74-75) have identified several roles and responsibilities for leadership to im-
prove safety performance. Lutchman et al. state that the role of leadership is to provide
leadership, direction and sufficient resources, establish standards and procedures, de-
fine roles and responsibilities, set objectives, establish accountability for performance

against objectives and audit the OHS management process.

Two different approaches can be identified to leadership and safety leadership: transac-
tional and transformational style. In a transactional management approach, a manager
sets objectives and monitors employee performance relative to them, and rewards or
provides corrective feedback on performance. Transformational management encour-
ages employees to commit to goals and shows interest in employees (Zohar 2002).
Transformational management can also be described for example by manager being a
role model for safety (Lu & Yang 2010) and a constructive dialogue (Hale et al. 2010). In
fact, constructive dialogue between the employees and management has been identified
as a key factor in successful safety interventions and improved safety performance (Hale
et al. 2010). Tappura (2017, p. 96) found in her research that a lack of opportunities for

dialogue forms an obstacle for openness in the organization.

Partly the same management and leadership practices, that were linked to transactional
and transformational leadership, such as communication, rewarding, management com-
mitment, and employee involvement and collaboration are related to OHS performance
in several studies (e.g. Vredenburgh 2002; Mearns et al. 2003; Grabowski et al. 2007;
Hale et al. 2010). Lin and Mills (2001) found that employee and management commit-
ment to OHS along with company size are the most important factors that influence

safety performance.

Management commitment plays a particularly important role in, for example, collecting
occupational health and safety data, behaving as a role model, and supporting occupa-
tional health and safety as an important priority throughout the organization (Lingard et
al. 2011, Zohar 2010). Tappura (2017, p.98) found that management’s overload, produc-

tion pressure, and role conflicts are the major factors that can weaken management
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commitment to OHS. Management's commitment and support for OHS measurement
can reflect, for example, in the measurement system implementations and allocation of
resources to safety activities (Fernandez-Mufiiz et al. 2007). It is the management's re-
sponsibility to allocate and prioritize the resources required for safety-related tasks
(Rundmo and Hale 2003; Gunduz & Laitinen 2017). Resources can also be viewed from
another perspective here. Not only do the resources provided by the management facil-
itate the safety activities of the rest of the organization, but they can also be seen as
enabling the work of the manager. In fact, top management’s resources, appreciation,
support for OHS work and support from colleagues promoted managers’ commitment to
OHS (Tappura 2017, p. 77). Thus, adequate resources and support should be provided

also to managers (Frick 2013).

Management influences the level of employee commitment. According to Fernandez-
Mufiiz et al. (2007), a management system allows employees to involve in the decision-
making process, and through this, it also enhances their commitment to the organization
and common interests. Also, Tsao et al. 2017 found in their research that management
commitment and employee involvement have a remarkable effect on safety awareness
and behavior through a safety management system and workgroup processes. Chen et
al. (2013) identified leadership behavior overall to be a key factor in developing employee
job attitudes and behaviors. What these different models have in common is that they all
seem to agree that leadership has a large impact on employee behavior, which in turn is
reflected in performance. The chain leading from a leader’s characteristics and behavior

to employees’ job attitudes and behavior is presented in Figure 3.

Safety

performance \
Employee

Leader traits ’ Leader 0 sttitudes and — Organizational

and skills behaviour behaviour performance

Situational
variables

Figure 3. The impact of leadership on organizational performance (Tappura et al. 2015,
modified from Yukl 2010, p. 31.)
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Employee’s safety behavior is often divided into safety compliance and safety participa-
tion (Neal et al. 2000; Griffin and Curcuruto 2016). Safety compliance can be influenced
by a transactional leadership, while transformational leadership impacts safety participa-
tion (Bass 1985, as cited in Tappura 2017, p. 44). Safety compliance refers to following
safety procedures and safe performance of work, whereas safety participation refers to
voluntary participation in safety-related activities including e.g. helping colleagues, show-
ing initiative, and making efforts to improve occupational safety (Neal et al. 2000). Alt-
hough we are talking here about safe behavior of employees, it is important to note that
safe behavior is not limited to them, but each hierarchy level has its common and desir-
able behaviors that assist in promoting safety (Taylor 2010, p. 22). Figure 3 can be seen
to support the assumption: Although management behavior and employee behavior
have been described as separate factors, they have been illustrated as interacting. For

these reasons, the term individual behavior could be used in this context.

3.2 Safety culture

Management and especially management commitment to OHS are known to have a
great impact on a part of the organizational culture that is specifically concerned about
safety (Hale et al. 2010). This part is called safety culture. Safety culture can be defined
as the combination of attitudes, beliefs, motivations and choices of both the employees
and the management in relation to safety (Hale et al. 2010). A safety culture aims to
develop a norm in which employees are aware of safety risks and take them into account

in the workplace (Ostrom et al. 1993).

Good safety culture is often seen to lead to improved OHS and organizational perfor-
mance (Hale et al. 2010). Although a safety culture plays a crucial role in performance,
the challenge is that its measurement is not straightforward due to its intangible nature.
In fact, according to Taylor (2010, p. 129), it is not possible to directly measure safety
culture, as it constructs of elements that are incapable of being perceived by the senses,
such as beliefs. However, it is recognized that a good organizational culture consists of
certain characteristics that can be measured, either quantitatively or qualitatively. Taylor
(2010, p. 133) has identified five characteristics, examples of which are “Safety is a
clearly recognized value” and “Accountability for safety is clear”. Characteristics are
measured by using qualities, or safety attributes associated with each characteristic.
Through the assessments of these characteristics also the level of safety culture can be
indirectly evaluated. (Taylor 2010, p. 133) Ostrom et al. (1993) found in their study that

a standardized written questionnaire is a good measurement instrument to be used in
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addition to informal employee interviews to gain a more extensive understanding of the

safety culture.

The written questionnaires used to measure safety culture often include questions in the
categories such as management commitment, communication, employee involvement,
reporting and training (Gordon et al. 2007; Tappin et al. 2015), which can also be con-
sidered as components of, for example, management or processes as culture alike. This
only highlights the complex interconnections between different safety related interven-

tions and activities.

Looking at an organization, Guldenmund (2010) sees the culture to interact with structure
and processes to generate the desired level of safety performance. The model in Figure
4 illustrates these three components and their relation to each other as a triangle. Pro-
cesses refer to core business processes and supporting processes that occur throughout
the organization (Guldenmund 2010). Organizational processes may include primary
level processes, such as management processes and systems, but processes may also
relate to social relationships, communication and exchange of information among indi-
viduals in an organization (EU-OSHA 2011). Structure, in turn, refers to formalized pre-
scriptions of how members of an organization relate to each other and complete their
work (Neubert et al. 2016).

Structure

7N\

Behavior

Culture Processes

—

Figure 4. The organizational interaction to generate the desired level of safety perfor-
mance (modified from Guldenmund 2010).

According to Guldenmund (2010) these three aspects together also create a context,
where behavior takes place. Also, Taylor (2010, p. 3) sees the elements of safety culture,
e.g. beliefs, values and attitudes influence the behavior of individuals in the organization,
but he disregards the meaning of structure and processes. Employee’s safety behavior,

in turn, is known to have a significant role to play in maintaining a safe work environment
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and predicting accidents at work (Christian et al. 2009; Neal and Griffin 2006). As previ-
ously discussed, another way to describe the relationship is Yukl’s (2010) suggestion
that a manager's management skills influence the manager’s behavior, which in turn

influences employees’ attitudes and behavior and thus organizational performance.

The safety culture is expressed through the organizational climate (Guldenmund 2000).
Safety climate can be defined as a specific form of organizational climate, which de-
scribes an individual's perception of the value for safety in the organization (Neal et al.
2000). Neal et al. (2000) found in their study that interventions to improve the safety
climate, such as training or emphasizing the importance of safety, are more effective
when implemented within a positive overall organizational climate. In general, occupa-
tional health and safety has traditionally been addressed through negation, although it
would be important to shift to a positive perspective and to recognize “organizational
potential for safety” (Reiman and Pietikdinen 2011). According to Reiman and Pie-
tikéinen (2011), there is a need also for positive safety performance indicators that can
help in monitoring the positive aspects of the organization and thereby develop the sys-

tem safety through positivity.

3.3 The economic effects of OHS management

As stated above, safety management and, above all, safety leadership, as well as safety
culture or climate, largely affect the safety performance. Wu et al. (2008) describe this
relation by stating that two paths affect safety performance. Safety performance can be
affected either directly by the leadership, or so that safety leadership first influences the
safety climate and safety climate then has an effect on safety performance. This rela-

tionship is illustrated in Figure 5.

Safety climate

7 \

Safety Safety
leadership —) performance

Figure 5. The relation between safety leadership, safety climate and safety perfor-
mance (modified from Wu et al. 2008).
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The chain does not end in safety performance, but safety performance has an impact on
all the way to an organization’s performance, for example through reduced accident
costs and improved productivity (Sievanen et al. 2013, Tappura et al. 2015). Especially
the management’s success is usually measured by the extent to which organizational
performance is enhanced (Yukl 2010, p.10). According to some theories, safety perfor-
mance can be counted as belonging to organizational performance, but in this work, it
has been raised to a special position as a separate entity. In addition to safety perfor-
mance, the organizational performance includes competitiveness performance and eco-
nomic-financial performance, which both ultimately show up as economic impacts on the
company (Fernandez-Muhiz et al. 2009). Figure 6 illustrates how investment in occupa-

tional health and safety is also justified from an economic point of view.
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liabilities; less
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Figure 6. Economic effects of OHS (adapted and modified from Mossink and De Greef
2002, p. 12).

Occupational accidents have economic consequences, and thus the enhanced safety
performance appears as monetary savings and benefits. Prevention activities and the
consequences of accidents both cause costs. Organizations incur preventive costs, for
example from developing health and safety management, actions to improve working
conditions and carrying out health and safety inspections. (Aaltonen and Sdderqvist
1988) Accidents and occupational injuries, on the other hand, can result in, for example,
absenteeism costs as well as medical and legal costs (Mossink and De Greef 2002, p.
12).

One way of categorizing organizational costs and benefits of safety is to divide them into

direct and indirect. Direct impacts are defined as those impacts that are observable and
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easily quantified, such as health and safety personnel time or production downtime (Lin-
hard 2005). In the case of indirect benefits, safety first affects direct factors, such as the
production downtime, which in turn can contribute to, for example, improved productivity
and quality, which then affect the customers’ satisfaction and the company’s reputation
(Fernandez-Muhiz et al. 2009). Other potential indirect benefits from safety include in-
creased better product quality, customer satisfaction (Linhard 2005) and reputation
(Fernandez-Muhiz et al. 2009; Gavious et al. 2009). Fernandez-Mufiz et al. (2009) de-
scribe such benefits to belong under the dimension of competitive performance as they

are considered key factors for competitive advantage.

As stated earlier, according to Fernandez-Muiiz et al. (2009) both competitiveness and
economic-financial performance eventually appear as economic impacts. The realization
of improvements, such as productivity or customer satisfaction are reflected in money,
as they lead to cost savings and a possible increase in the company's market share.
These together show an increase in the company's profits and so on its profitability. (Fer-
nandez-Muhiz et al. 2009) Table 2 describes some of the potential indirect benefits of

safety and their monetary value.

Table 2. Potential organizational performance benefits from preventive safety activities
(adapted from Mossink and De Greef 2002, p. 17).

Benefit

Description

Monetary value

Increased productivity
and other operational
effects

Improved quality of
products and services

Improved well-being,
job  satisfaction and
working climate

Compensations and
subsidies received from
insurance or authorities

Company image effects

Impact on non-eco-
nomic company values

Reduced costs for facilities,
energy, materials and person-
nel; increased productivity

Changes in product or service
quality; reliability of deliveries

Support for prevention only,
compensations received for
sick leave or disability are to
be

excluded

Attractiveness to customers,
attractiveness on labour mar-
ket, attractiveness to contrac-
tors

To be derived from mission
statements and the like, typi-
cally strategic considerations

Total of cost reduction directly related
to intervention to be estimated from
effects on the company’s operation.

Value depends on company strategy.
Reduction in repair costs and warran-
ties

Only indirect effects, e.g. on produc-
tivity, quality or flexibility. Increased
capabilities to deal with unexpected
situations

Compensations and subsidies re-
ceived

Indirect effects

Indirect, long-term effects
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Innovative capacity of  Ability to innovate in products Indirect, long-term effects. No opera-
the firm and production processes tional benefits

Demonstrating the costs and benefits of OHS investments and interventions is widely
considered important, as it can, for example, motivate management to take better ac-
count of OHS issues and guide decision-making (Sievanen et al. 2013). Although ad-
dressing the costs and benefits is known to be important, they are rarely evaluated (Jal-
lon et al. 2011). This can also be seen from Table 3, that summarizes proven and poten-
tial organizational impacts of safety. Examples of previous studies on the effects of safety
on organizational performance are both hypothetical and empirically verified, but the re-
searches that are based on empirical proven findings are relatively sparse.

Table 3. Examples of studies concerning the proven and potential organizational bene-
fits of safety.

Reference Organizational impact Proven / Potential

Mossink and De Greef Productivity, quality, image, cost, innovation Potential
(2002)

Linhard (2005) Productivity, quality, customer satisfaction Potential

Veltri et al. (2007) Quality, productivity Proven
Stakeholder satisfaction Potential

Gavious et al. (2009) Direct and indirect costs Proven
Reputation Potential

Fernandez-Mupiz et al. Image, reputation, productivity, innovation, Proven

(2009) sales, profits, profitability

Koper et al. (2009) Quality, productivity, cost reduction, absen-  Proven
teeism

There might be multiple reasons for the lack of measurements and evaluations proving
safety investment effects on organizational performance. Jallon et al. (2011) state that
the difficult and time-consuming data collection process constraints the assessments.
Tappura et al. (2015) instead argue that the costs of investing in safety are often well-
known, but the problem is that the benefits are usually difficult to express in terms of
money. According to Zwetsloot et al. (2010), one explanation for the seldomly performed
evaluation could be the intangible nature of many benefits. Zwetsloot et al. (2010) argue
that intangible benefits, such as a good employer reputation among the possible and

current employees, are long-term and complicated to measure. Képer et al. (2009) noted
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in their research that the most significant challenges were related to data availability and
reliability and validity, as the definitions and formats of data varied in the information
systems of the organizations studied. In the case of costs, Gavious et al. (2009) argue
that developing reliable evaluations is especially challenging for indirect costs. Probably
research is often done in the same way as in a study of Veltri et al. (2007): a survey is
used to ask for perceptions of benefits and safety status and combining these results
statistically. However, as identified in the research by Veltri et al. (2007), the problem
with this type of research is the lack of utilizing actual economic data and information

provided by leading indicators.

One shortcoming of the existing research is that few studies specify which perspective
of safety is thought to affect the benefits: e.g. management, culture or individual behav-
ior. In their research, Fernandez-Mupiz et al. (2009) studied the effect of management
on company'’s performance and Képer et al. (2009) identified the impact of human factors
such as stress and individual safety behaviors as well as workplace health promotion
processes on perceived benefits. Otherwise, it seems in general that most research only
discuss safety at a very general level when evaluating its impact on organizational per-
formance. Accordingly, there would be a need for a comprehensive study of the impact

of more detailed factors on organizational performance.

3.4 Synthesis: Framework for OHS management and organiza-
tional performance

Based on the theory presented in this chapter, a general, theoretical framework was
constructed in a SafePotential project. The framework is created by combining safety-
related frameworks presented in the academic literature and covered earlier in this the-
sis. The framework described in Figure 7 serves as a summary of the literature review
on the management of occupational health and safety. The framework also provides
background material for the empirical part of the study, as it serves an initial version of
the framework, the safety performance map, for describing the key factors affecting
safety performance. The framework will be supplemented in the empirical phase of the

study by a more detailed description.
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Figure 7. The interaction between OHS management & leadership, organization’s struc-
ture, culture and processes to generate the desired level of OHS & organizational per-
formance (modified from Guldenmund 2010, Tappura et al. 2015, Wu et al. 2008, Yukl
2010).

The framework explains the chain that leads from OHS management and leadership to
OHS performance and eventually is realized as organizational performance. On the right
is the end result, i.e. OHS performance and finally organizational performance, and on
the left are the things that can be used to influence their formation. In summary, the
framework suggests that OHS management and leadership is a prerequisite for achiev-
ing excellence in OHS performance. Management and leadership, in turn, affects every-
thing else in an organization: structures, processes, and the formation of a community-
wide culture - which together form the safety climate. Both management and leadership
(Tappura et al. 2015) and the triad formed by culture, structures, and processes (Gul-
denmund 2010) influence an individual’s behavior. All of this together affects not only the
safety performance but also directly and through the safety performance, the perfor-
mance of the organization (Mossink and De Greef 2002; Wu et al. 2008; Tappura et al.
2015).
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4. PERFORMANCE MEASUREMENT

4.1 Process of developing a performance measurement system

Jaaskelainen et al. (2013, p. 25) divides the development of a performance measure-
ment system into five phases (see Figure 8). There is considerable agreement in the
literature on the content of the measurement system development project, but the pro-
cess has been divided in the literature in different ways. For example, Neely et al. (2002,
p. 33) propose that the performance measurement process could be divided into four
main steps and Bourne et al. (2000) see that the development of performance measure-

ment systems could involve three main stages.

1. Starting a * Determining the purpose of use and the objective of development
measurement + Defining the person in charge and the participants of the project
project *» Scheduling and resourcing of the project
2. Selection of
measurable » Choosing things to measure

success factors

* Brainstorming
3. Definition of + Selection of indicators
indicators

+ Definition of operating principles

4. Implementation

R and evaluation of | [ CTIRL N K rement syeiomuse
B the measures ysiem use

]

E 5. Use of

2 measurement + Controlling the use of the measurement system

E' system as part of | + Embedding the measurement into normal operation
= management

Figure 8. Measurement system development process (adapted from J&dédskelainen et al.
2013, p. 25).

Bourne et al. (2000) and Jaaskelainen et al. (2013, p. 25), call the beginning of the pro-
cess, including the selection of success factors and the selection of measures as the
design of the measurement system. This is followed by implementation. This research
focuses especially on the first, i.e. the design phase. The design phase is often accom-
plished in workshops that a facilitator leads, and so is done also in the case of this re-
search. Traditionally in workshops the measurement needs are discussed, and the pos-
sible implementation of the system is planned together (Lénnqvist 2004). In this re-
search, however, the measurement project is not carried out only in one organization but

in a wider range of companies. This research project is also specific in the sense that
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the perception of measurable objects and the mapping of current measurements are
done in all surveyed companies, but the assessment of the usefulness of potential new

indicators is carried out in only one participating company.

The first task of designing is to identify information needs and consider what are the
reasons for the measurement and for the development (Jaaskelainen et al. 2013, p. 26).
The need for development may arise from a problem that has been identified in the or-
ganization and which solution or determining the causes requires measurement infor-
mation. Organizational growth, structural changes, general dissatisfaction with the state
of measurement or an unstructured picture of the level of measurement can also be

reasons for developing a measurement system. (Jaaskelainen et al. 2013, p. 26)

In the second stage of the process, measurable success factors are selected (Ja-
askelainen et al. 2013, p. 29). In the context of performance measurement, success
factors refer to measurement objects (Hannula and Lénnqvist 2002, p. 56). A strategy
map can help select success factors (Jaaskeldinen et al. 2013, p. 29). A strategy map is
a visualization tool that helps to understand the totality of the things to be measured, and
it can be used to consider whether some critical part is missing from the measurement
system (Aho 2011, p. 43-44). The strategy map is presented in more detail in the next
section 4.2 Visualization of measurement data. This second phase is at the core of this
research, as the safety performance map is outlined to provide a general understanding
of what are the essential building blocks of safety performance, and thus essential meas-

urement objects.

Once the development objective and the factors to be measured have been chosen, the
actual definition of the measures begins. This phase is relevant to the second research
question of the study. In the empirical section, the study first identifies the indicators at a
broader level than one company, after which the indicators are adjusted to match each

identified safety-related success factor.

According to Lonnqvist (2004, pp. 32-33) performance measures can be classified as

follows:
- Direct and indirect measures
- Financial and non-financial measures
- Qualitative and quantitative measures
- Subjective and objective measures

- Leading and lagging measures
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Conventionally the focus of performance measurement has been on financial infor-
mation, but recently the measurement of intangible assets has gained more interest
(Petty and Guthrie 2000). However, measuring the value of intangible or qualitative ele-
ments is often considered difficult (Lonnqvist 2004, p. 23; Tappura et al. 2015). In the
context of safety performance measurement, the classification between leading and lag-
ging measures, or indicators as often used when discussed of safety performance, is
essential. The traditional focus on safety performance measurement has been on lag-
ging indicators, but there is evidence that the measurement should be shifted towards a
preventative focus on leading indicators (e.g. Grabowski et al. 2007, Lingard et al. 2011,
Reiman and Pietikdinen 2012; Sheehan et al. 2016) and this aspect also came up in the

discussions with the case companies of the research.

The fourth phase is implementation and evaluation of the measures. Finally, after imple-
mentation the measures can be used as a part of management and normal operation
(Jaaskelainen et al. 2013, p. 34). This means that the measures can be used as a man-
agerial tool, for example, to monitor the progress of business, benchmark to competitors’
positions, and to communicate performance to internal and external stakeholders (Neely
1998, p. 71-89). Implementation and usage of measures are excluded from this study,
but measures are evaluated as, in the case company presenting food industry, the col-

lected indicators are evaluated in relation to their measurement information needs.

It should be noted that the process will not end in the use of measurement system, but
the performance measurement systems requires developing and updating as the situa-
tion in the organization or its operational environment changes (Bourne et al. 2000; Ja-
askeldinen et al. 2013, p. 35). Lénnqvist (2004, p. 104) suggests that in the update

phase, the process starts from the beginning and thus the process actually forms a cycle.

4.2 Visualization of measurement data

Visualization refers to representing concepts or datasets either statically or dynamically
in a two or more dimensions (Zhang 2012). The use of visualization in management is a
somewhat new research area, but the benefits of it have already been identified (Eppler
and Bresciani 2013; Al-Kassab et al. 2014). Visualization of performance measures sup-
ports management by providing a tool for business decision-making, an information

channel, and a means to create new knowledge (Al-Kassab et al. 2014).

There are several ways to categorize visualization techniques. According to Tegarden

(1999) visualization can be placed in three different classes: scientific visualization, vir-
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tual reality, and data/information visualization. Tegarden describes data/information vis-
ualization as the transformation of non-spatial or behavioral data into visual images.
Lengler and Eppler (2007) suggest that data visualization and information visualization
should be discussed separately. By data visualization they refer to presenting quantita-
tive data in formats such as pie charts, histograms and tables, while information visuali-
zation includes for example maps and flow charts. Zhang (2012) argues that the use of
visualization in management is mainly limited to the use of statistical charts. Eppler and
Bresciani (2013) only partly agree with this statement. They agree that numerical and
quantitative charts are most likely to be used, but they have also noticed an increase in
the use of qualitative visualizations, such as conceptual diagrams, metaphors and

sketches.

Maps serve a particularly advisable visualization technique for visualizing the logic of
performance measurement (Banker t al 2004; Jaaskelainen and Roitto 2016). The strat-
egy map enables visualizing how an organization’s intangible assets, such as skills and
know-how, can be related to the tangible end results, e.g. higher sales. (Kaplan & Norton
2004). That is, strategy maps can be used to illustrate the causal relations between dif-

ferent factors. An example of a strategy map is shown in Figure 9.

/—\ Long P r\
- shareholder -
: value =
ncrease nhance
Improve cost
FINANCIAL sF:ructure At EHPBI:LFI::‘:;UE oy i
PERSPECTIVE utilization Shes value
2 3 s 3 x x
CUSTOMER i
PERSPECTIVE Price Quality Availability Selection | Functionality Service Partnership Brand
Operations Customer management . Regulatory and social
management processes processes Liation ProceSes processes
INTERNAL "
Supply, production, ) _— Opportunity ID, R&D Environment, safety and
PERSPECTIVE
distribution, risk Sei:::;’:;::m“”“':”' portfolio, health, employment,
management "B design/develop, launch community
| Human capital ‘
LEARNING & ) B
GROWTH Information capital ‘

Organization capital

PERSPECTIVE
Culture Teamwork

Figure 9. An example of a strategy map (adapted from Kaplan and Norton 2004).

Leadership Alignment

A strategy map can be utilized to communicate a company's strategy to the entire organ-
ization (L6nnqvist et al. 2006, p. 43-44; Aho 2011, p. 43). Strategy maps also serve as a
managerial decision-making tool, by stating the causal relation of different elements and
actions. However, to use effectively this tool, training and consistent review of the map

is required. (Rompho 2012) A strategy map is particularly useful in serving a simple way
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to determine which measures and reports are missing, and which measures are critical

and focal to performance (Aho 2011, p. 44).

4.3 Categorization of safety performance indicators

OHS performance evaluation is carried out using indicators (Tremblay and Badri 2018).
Reiman and Pietikdinen (2012) define an indicator as any measure, either quantitative
or qualitative, that aims at producing information on a topic of interest. Safety indicators
instead are measures for items that have been identified as important in the fundamental
safety models (Wreathall 2009). Reiman and Pietikainen (2012) see the safety perfor-
mance indicators as organizational tools for assessing and improving the sociotechnical
activities as a part of the organization’s safety management process. They argue that
safety indicators can play an important role in providing information on an organization’s
performance, encouraging people to work to promote safety and increase an organiza-

tion’s safety potential.

Traditionally safety performance indicators are divided into two categories: lagging and
leading. Although the terminology used varies, most frameworks seem to be essentially
about this duality. Lagging indicators (also referred to as reactive, retrospective, out-
come, output or negative indicators) measure the past and focus on reducing workplace
injuries. In contrast, leading indicators (also referred to as proactive, predictive, input or
positive indicators) measure prevention actions and provide an opportunity to find and
resolve safety issues prior to incidents (Sinelnikov et al. 2015, Hinze et al. 2013). The
third, and a more recent level in the breakdown of leading and lagging can also be dis-
tinguished: proactive leading indicators. International Social Security Association, ISSA
(2020, p.12) describe proactive leading indicators to “reflect the actionable, current and
ongoing processes, activities and performances that are doing more than merely con-
trolling existing risks and safeguarding the status quo, but focus on recognizing, creating,

using and evaluating opportunities for continual improvement”.

Reiman and Pietikdinen (2012) go slightly further with their classification. They introduce
the division of safety performance indicators into three types: outcome, monitor and drive
indicators. Here, two types of leading indicators are distinguished. Leading monitor indi-
cators denote the organization’s capacity to operate safely. They are used to monitor the
practices, abilities, skills and motivation of individuals of an organization. Leading drive
indicators in turn measure the fulfillment of safety management activities made to im-
prove safety and include, for instance, measures for supervisory activity and strategic

management. This distinction from Reiman and Pietikdinen is not the only division be-
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tween leading indicators. For example, Grabowski et al. (2007) makes a difference be-
tween objective and subjective leading indicators and Hinze et al. (2013) argue that lead-

ing measures can be either passive or active.

The division between lead and lag indicators has been questioned on several occasions
(Swuste et al. 2016). In fact, it is argued that the distinction between leading and lagging
indicators is not important at all (Hale 2009; Wreathall 2009). Also, Haas and Yorio
(2016) seem to think that a framework that relies on the division between leading and
lagging indicators does not provide an adequate overall picture of an organization’s
safety related activities. The profitability of the division has been criticized, among other
things, for the complex and unclear causal chains between lagging and leading indica-
tors and for that the dividing measures in this way does not help to see the complex entity
leading to occupational safety in organizations (Haas and Yorio 2016). It has also been
argued that the distinction is more complicated as it first appears, as it is possible that a
lagging indicator could also serve as a leading indicator, if it would for example be able
to predict another outcome or event related to safety (Dyreborg 2009). Despite the criti-
cism presented, a breakdown into leading and lagging indicators is used in this work,
because of its prevalence and because no better model for measures division in this

context has been presented.

4.4 Indicator selection principles

Conventionally safety performance is evaluated using reactive lagging indicators
(Sinelnikov et al. 2015). Many advantages are linked to using lagging indicators. For
example, according to Lingard et al. (2011) lagging indicators enable comparing between
organizations as they are usually based on a standardized formula. Also, they are found
to constitute valid measurements and enable monitoring trends (Lingard et al. 2011) and
they can be used to evaluate the effectiveness of preventive actions (Cadieux et al.
2006). However, basing the measurement solely on the reactive indicators is not advis-
able (Reiman and Pietikdinen 2012). The risk is that if too much value is put on lagging
indicators and they are emphasized in the measurement system, employees might learn
how to manipulate the results to be favorable, which harms the usefulness of the
measures (Lingard et al. 2011). It is also argued in the literature that lagging indicators
do not indicate what should be done and which part of the chain should be affected in

order to improve accident prevention (Tremblay and Baldri 2018).

Thus, reactive indicators should be supplemented with proactive indicators. However,
there are also known problems with proactive measures. For example, the validity of

leading indicators is argued to be inconsistent (Sinelnikov et al. 2015) and it is argued
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that the information they contain is highly specific (Reiman and Pietikdinen 2012).
Reiman and Pietikdinen (2012) also state that using leading indicators is not often simple
and the evaluations based on them are generally lengthy and subjective. Despite the
drawbacks, leading indicators are in key role in eliminating and predicting harms as they

tend to provide early signs of potential failure (Sinelnikov et al. 2015).

As already stated above, the use of reactive and proactive measures should be bal-
anced. This is also due to the fact that they serve slightly different information needs:
one means and the other the results. Leading indicators provide a means to track or
monitor performance of a process as it is taking place (Hinze et al. 2013), whereas lag-
ging indicators are used to measure outcomes of events that have already taken place
(Reiman and Pietikdinen 2012). It has been suggested that the ratio between these two
types of indicators should be 80 % or more of leading indicators and 20 % of lagging
indicators in a measurement system (Blair and O’'Toole 2010). The following Table 4
provides some examples of typical leading and lagging indicators.

Table 4. Examples of leading and lagging indicators (selected from Koivupalo 2019, p.
67)

Leading indicators Lagging indicators

Number of near misses Number of fatalities

Number of hazards Number of lost time injuries (LTI)
Safety training hours Number of occupational diseases
H&S audits Total sick leave hours

Criteria can also be set for the individual indicators selected from these two categories.
Many criteria for valid performance measurement and individual measures can be found
in the academic literature. Hannula (1999, p. 78) has propounded four requirements for
measuring productivity. Even though the criteria are set specifically for productivity meas-
urement purposes, according to Lénnqyvist (2004, p. 90), it seems possible to generalize
them for wider use in performance measurement. According to Hannula (1999, p. 78) in
a sound performance measurement situation, the measurement system and measures

would fulfil the requirements presented in the following Table 5.
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Table 5. Requirements for sound performance measurement (Hannula 1999, p. 78).

Requirement Definition

Validity Ability of a measure or a measurement system to meas-
ure what it is intended to measure

Reliability Consistency of the measurement results, e.g. accuracy
and precision

Practicality Cost-effectiveness or the benefit-burden ratio of the
measurement

Relevance Value and usefulness of the measurement results for

the users of the measures

According to Laitinen (1989, p. 167) validity, reliability and relevance are the most im-
portant criteria for a measure. However, they alone are not enough — practicality of a
measure should be considered too. A practical measure is described by three character-
istics: economy, convenience, and interpretability. These refer to cost (economy), ease
of use of the measure (convenience) and ease of understanding the results produced by
a measure (interpretability) (Emory 1985, pp. 100-101). It may not make sense to use a
measure that is valid and reliable, if its costs exceed its benefits or it is too difficult to

interpret.

Other adjectives set for describing an effective indicator include, for example, sensitive
(Hale 2009), specific, measurable, achievable, timebound (OHS best practices 2015;
Podgorski 2015), and unbiased (Hale 2009). Bergh et al. (2014), in turn, describe that
the indicator should also be quantifiable, as such measures are user-friendly and easy
to communicate. However, this requirement has been argued to be problematic, as nu-
merical information does not tell about quality (Swuste et al. 2016). Hinze et al. (2013)
argue that qualitative measures should not be avoided, especially if there is no quantita-

tive measure available.

In addition to the criteria set for one measure, requirements can also be set for a set of
measures, i.e. the measurement system. According to (Tappura et al. 2010, p. 8) the
features set for a good measurement system are balance between short- and long-term
and external and internal indicators, consistency with strategy and critical success fac-
tors, deriving indicators from higher-level goals and objectives, utilization in day-to-day
management, and the continuous development. Meyer (2002, p. 6), in turn, has pre-
sented five criteria that the measurement system would ideally meet. These require-

ments are listed and briefly described below:

1. Parsimony. There are relatively few measures to monitor, as having too many

measures would mean exceeding cognitive limits and losing information.
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2. Predictive ability. The non-financial measures serve as leading performance in-

dicators and financial measures as lagging indicators.
3. Pervasiveness. The same measures apply everywhere in the organization.

4. Stability. The measurement system is stable, in a way that measures would
change gradually in order to enable maintaining employees’ awareness of long-

time objectives and consistency in their behavior.

5. Applicability to compensation. People are compensated based on both the finan-

cial and non-financial results indicated by the measures.

In addition to Meyer (2002), other researchers also argue that the measurement system
should not contain too many measures (see e.g. Neely 1998, p. 50; Jaaskelainen et al.
2013, p. 32). The problem with too many measures is that measuring then comes time-
consuming, requires training and preparing people to perform measurements, and a
large amount of data to be collected and processed (Podgorski 2015). In addition, the
existence of too many sources of performance data may cause an information overload,
that can negatively affect management and decision-making (Hwang and Lin 1999).
Overall, it is possible that an organization has either too many or too few measures, the
used measures are irrelevant, or the measurement results are otherwise difficult to inter-
pret (Neely 1998, p. 42). While the goal of this study is not to comment on what is the
right number of measures, the study seeks to help companies in selecting the right
measures by pointing out how the different factors affecting safety performance could be

measured.

Although, there seems to be a consensus to some extent of the Meyer’'s (2002) criteria
among researchers, some of the requirements could also be criticized. For instance,
depending on the context, the criterion of pervasiveness could be disagreed. Sometimes
it is important to use different measures to take into account the specificities of organi-

zational units.

4.5 Safety performance indicators in the literature

In the literature focusing on safety performance indicators, there has been surprisingly
little emphasis on the presentation of new potential measures. Instead, studies appear
to be more focused on, for example, describing and defining the concepts of leading and
lagging measures at a more general level (e.g., Reiman and Pietikdinen 2012; Hallowell
et al. 2013; OHS best practices 2015; Swuste et al. 2016), discussing safety manage-

ment and measurement processes (e.g., Hinze et al. 2013; Podgorski 2015; Sinelnikov
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et al. 2015) as well as examining the factors affecting safety performance (e.g., Moham-
madfam et al. 2017; Sheehan et al. 2016) and associated relationships (e.g., Lingard et
al. 2017; Givehchi et al. 2017). Although the main focus of the studies is not on the
presentation of indicators, the sources also provide some examples of both lagging and

leading indicators.

Similarly to this thesis, some studies have sought to relate indicators with different occu-
pational health and safety perspectives, actions, components, or factors. For example,
Mohammadfam et al. (2017) investigated health and safety practices and associated
criteria and developed leading key performance indicators for each of the five core OHS
practices, that were policy, planning, implementation, checking, and management re-
view. Janackovic et al. (2020) described four factors: technical, human, organizational,
and environmental factors, and proposed 48 leading indicators. Also, Podgorski (2015)
presents five main components (policy, organizing, OSH MS, planning and implementa-
tion, evaluation, and action for improvement) divided further into 20 sub-components and
a total of 109 indicators assigned under these headings. Sheehan et al. (2016) identified
examples of themes in leading indicators in the literature. The themes listed by Sheehan
et al. (2016) include, e.g., accountability for OHS, audits and workplace inspections, con-
sultation and communication about OHS, empowerment and employee involvement,
management commitment and leadership, and positive feedback and recognition. How-
ever, Sheehan et al. (2016) do not focus on presenting indicators divided under these

themes and present only five indicators in their research.

Although several studies do not highlight the distinction between leading and lagging
indicators, recently, there has been a growing interest in leading indicators, both in busi-
ness and literature. The literature covered contained only research concerning either
both leading and lagging indicators or only leading measures. None of the studies dis-

cussed solely lagging indicators.

In the publication studied, the industries vary from the automotive industry (Képer et al.
2009), construction sector (Hallowell et al. 2013; Hinze et al. 2013; Koivupalo and
Reiman 2017) and drilling (Amir-Heidari et al. 2017) to safety-critical industries that are
not particularly in the scope of this research, such as nuclear power (Reiman and Pie-
tikdinen 2010) and oil industry (Bergh et al. 2014).

Although the context of the research of Podgorski (2015) does not limit to any specific
industry, Podgérski states that the proposed set of indicators in his article should be
tailored to specific circumstances of a company, meaning the size, sector, types of oc-

curring hazards, and the company’s maturity of OSH management processes. Podgorski
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(2015) presents an extensive list of indicators, some of which have been prioritized in
the study. According to Podgérski, when choosing the indicators for a company’s specific
needs, the importance of alternative indicators is emphasized. The perception is inter-
esting, as this research aims to create a generalizable model and a list of indicators in
the empirical part of the research, and the study involves case companies from several
different fields. This set up is broadly comparable to the multi-industry studies from Hale
et al. (2010), Sinelnikov et al. (2015), and Sheehan et al. (2016). Also, a very recent
study from Zwetsloot et al. (2020) introduces indicators that are designed to be used
across all sectors and despite the size of an organization. However, similarly to the
Podgorski’s study, this study is not intended to present a list of all the indicators a com-

pany should implement, but to provide companies with options to choose from.

A more comprehensive view of the literature described here is presented in a tabular
form in Appendix D. The list of studies reviewed in this chapter is not exclusive, as the
literature search was not systematic. However, the studies analyzed offer an overview
of how the subjects of lagging and leading indicators are recently discussed in the liter-
ature and serve as sources for answering the second research question of suitable indi-
cators for measuring different factors affecting safety performance. In addition, the

sources studied provide an interesting reference point for the results found in this study.
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5.METHODOLOGY AND DATA

5.1 Research methods

Saunders et al. (2009, p. 124) introduce two primary research approaches: induction and
deduction. Deductive research builds on a model or theory. Hypotheses are derived from
earlier research results and theories, which are then tested with empirical research. In-
ductive research, in turn, proceeds from the data and seeks to construct new theoretical
models. (Saunders et al. 2009, pp. 124-126) This research does not quite fit in one cat-
egory but instead combines the two approaches introduced. Such approach is called
abductive. This study has inductive features as new theory and operating models are
developed in the empirical part to get new insights into the theory of safety performance.
The new theoretical models, the safety performance maps, are based on the data to be
collected during the research workshop phase. On the other hand, the workshops' frame-
works and contents are based on earlier literature, so deductive features can also be

identified in the work.

Research choices describe the data collection and analyzing procedures chosen for the
research. Either one (mono method) or several different (multiple methods) procedures
can be used. (Saunders et al. 2009, p. 151) Figure 10 presents the research choices

made in this study.

Research Choices

Mono Method Multiple Methods

Multi-Method Mixed Methods

Figure 10. Research choices of this research (modified from Saunders et al. 2009).

The research was conducted as a qualitative multiple case study. According to Voss et
al. (2002) a case study is particularly a suitable research method for developing a new

theory and testing a theory, which both are central for this study. Case studies focus on



35

the empirical description of a selected phenomenon in a real-world context with the help
of various data sources (Yin 2003, pp. 13-14). A case study can be either a single case
or a multiple case study. The key descriptive feature of the multiple case approach is a
comparison. Multiple cases are studied to understand the similarities and differences
between them (Baxter and Jack 2008). The aim may therefore be to find differences
between different cases, or the goal may be to find several similar observations in similar
contexts and, thus, through repetition, gain credibility for the finding. (Yin 2003, p. 15)
The aim of this study is the latter of the alternatives. The study looks for recurring factors
and similarities in different case companies to determine the key factors affecting safety

performance.

Qualitative data collection methods are typically used to amplify understanding and in-
vestigate why and how questions (Saunders et al. 2009, p. 482), such as the research
questions of this thesis. In this study, qualitative data is collected through workshops
organized with four case companies and with companies participating in the testing
phase of the study during the spring. In the testing phase, interviews are organized to
validate the created model. Moreover, material from the interviews organized in all the
case companies in the earlier phases of the SafePotential project are used in this thesis.
In terms of time horizon, the research is cross-sectional where the phenomenon is stud-

ied at a particular time. (Saunders et al. 2009 p. 155).

5.2 The case companies

There are four participating case organizations in the SafePotential project. All four Finn-
ish companies involved represent different industries, and their organizational size var-
ies. For data protection reasons, in order to maintain the anonymity of the case compa-
nies, the companies will be referred in this study only according to the industrial sector

they present.

One of the case companies is specialized in the manufacturing and service of cranes
and lifting equipment. From here onwards, the company is referred to as a manufactur-
ing company. The manufacturing company has 18,000 employees in 50 countries at a
group level, from which about 1,400 work in Finland. Another participating company is a
design, construction, and maintenance company specializing in infrastructure projects,
and therefore the company will be referred to as the infrastructure company in this study.
In the year 2018, the infrastructure company had approximately 1,400 employees. The
third company in the project, referred here as service company, focuses on providing
environmental, facility, and industrial support services. With operations in Finland, Swe-

den, and Russia, the company employs around 8,000 people.
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This thesis carries out more comprehensive research in a case organization operating in
food industry. The food industry company is a family-owned, international enterprise op-
erating in 13 countries with more than 2,000 employees, and its products are sold in
more than 70 countries. In 2019, the company had revenue worth 921 million euros. The
food industry company is a leading Northern European coffee and food company known
for its high-quality brands and services. The enterprise company consists of four different
business areas organized based on the geographical location: Finland & Baltics, Scan-
dinavia & Central Europe, East and Customer Brands, the latest mentioned focusing on
customers’ own brands. The company has recently renewed its organizational structure
and now seeks to harmonize the safety procedures used in different units to create a
uniform safety culture. The company is willing to develop particularly preventive safety

measurement and find new leading indicators for this purpose.

5.3 Research process

The timeline and the task break-down of this thesis are illustrated in Figure 11. It should
be noted that the timeline only describes the thesis project and not the whole of the
SafePotential project. Because the thesis is a part of a larger project that started before
the writer's contribution, some of the data collection had already been done during au-
tumn 2019. This data collection affects the task order of the research process but is not

itself illustrated in the timeline.

Conclusions and finalizing

Writing results and analysis

Validation of the safety
performance map

Evaluation of the proposed indicators in
relation to the needs of the case
company

Literature review

Research plan

Creation and iteration of safety performance maps

| | | | | | | | |
l January l February l March l April l May l June l July August l

Figure 11. Timeline of the research process.
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Task 1 - Creation and iteration of the safety performance map

The first task is to create a safety performance map to answer the first of the two research
questions. The map is done as a contribution to the SafePotential project, and it is intro-
duced in this thesis. The map identifies the performance dimensions, as well as the build-
ing blocks of these dimensions and the relationships between them. The map is based
on a more general reference framework previously developed as part of the SafePoten-
tial project, which in turn is created based on models presented in the literature on dif-
ferent perspectives of safety performance. The information collected from interviews in
all four case companies at an earlier stage of the project will then be used to identify the
factors that affect the fulfillment of safety performance and to create a visualization of
this — the safety performance map. The map is later iterated based on a workshop, where
each case company and will have the opportunity to comment on the first version of the

created map.
Task 2 - Validation of the map

The validation of the iterated version is accomplished by testing the model. Testing will
be conducted in three new companies through a semi-structured, qualitative group inter-
view method during spring 2020. The purpose is to test the presented relationships be-
tween the factors, to evaluate the relevance of the factors involved, and to identify any
missing elements. Moreover, the aim is to gain an understanding of industry-specific

features.
Task 3 - Linking performance measures to the safety performance map

The map is supplemented by linking the existing safety performance measures used in
the four case companies and three companies involved in the testing phase to each of
the safety performance perspectives. After that, as a part of literature review, the list of
measures is further supplemented with the measures found from the academic literature.
This is done to answer the second research question on how the safety performance
can be measured in different parts of the chain leading to enhanced safety and organi-
zational performance. The actual literature review is done to help to understand the cur-
rent academic discussion around the main themes and explain the key concepts and

their link to each other.

5.4 Research data collection and analysis

There were several workshops during the research project. The workshops can be cat-

egorized into four different groups:
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- Two workshops organized separately in all four case organizations to find the
factors and relationships contributing to safety performance to create a safety
performance map.

- A workshop involving all the case organizations and external safety experts to
test the created safety performance map.

- Workshops organized in three new companies to validate the safety perfor-
mance map.

- Workshops organized with the food industry company, the case company of this

thesis, to evaluate the usefulness of the map and the proposed indicators.
Map creation workshops

The first workshops were held in the second half of 2019 before the author joined the
research group. The workshops were attended by expert groups, mainly consisting of
safety and quality experts of the case companies. In the first workshops, the case com-
panies examined the overall theoretical framework and then had an open discussion of
the framework's perspectives. The discussion considered how these perspectives occur
in each case company and what sub-dimensions are identified in the companies. Later
in the second workshops, the company representatives assessed the order of priority of
the perspectives they mentioned in the first workshop and discussed the links between
the prioritized aspects. The frame of the workshops can be found in Appendix A of the
paper. The workshops were not recorded, but the material was collected by taking notes

during the workshop.

The first task in which the author was involved was the analysis of the workshop material.
The analysis was made in Excel by coding discussion data from workshops organized in
the four case companies. The aim was to find recurring factors or themes in the various
discussions to create interpretation and summarize the data. Case organizations were
kept separate when analyzing the results. As a more generalizable outcome was sought
for the map, there was no desire to emphasize individual observations. For that reason,
only if a topic was repeated in discussions with at least two different companies, the
factor was included in the safety performance map. The codes used for workshop data
classification are shown in Table 6. The factors that occurred only once are also included

in the table, but they are struck-through.

Table 6. Codes used for workshop data classification.

. Manu- . Infra-
Perspective Factor Food . Service
facturing structure
OHS Objectives aligned with strategy X X X

management  Sufficient resource allocation X X X



Monitoring

Rewarding and sanctions
Cortified
Supphlermanagement
tean-managementphilosophy
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OHS
leadership

Management's example
Communication
Transparency

Developing awareness and
knowledge

Coaching

Empowerment

Saf -

>

X X X XX X X

>

>

X X X X

Structure

Flexible structures

Clear roles and responsibilities
Line organization responsible
H&S organization supporting line
Change-management
Network-ofexperts

x X

X X X X

>

X X

X X X X X

Safety culture

Safety as a core business value
Commitment and safety in think-
ing

Safety as a part of everyday work

>

>

>

>

Processes

Induction and training

Information systems in reporting
Documentation

X X| X X X

Employees’
attitudes and
behavior

Employees’ attitudes and self-
management

Compliance

Safety awareness and under-
standing safety reasoning
Deciding to act safe in pressure
and haste

Caring

xX X X X X

OHS
performance

Leading indicators

Lagging indicators
Development of measurement
system

Performance transparent at all
levels

Positivity

X X X|X X

Organizational
performance

Quality
Productivity

X X |[X X
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Reputation X X X X
Cost reduction X X
Customer satisfaction X X

Busi L X
Well-being-isa-value X

Ltesssevere-incidents X
Werk-overload X

As a result of the first workshops, was a constructed model based on the data collected
from the companies. The new model, the first version of the safety performance map,
supplemented the theoretical framework that illustrates the main perspectives by a more

detailed description of factors of safety performance.
Map validation workshops

The first version of the map was tested in a workshop with all the four case organizations.
The workshop was also attended by two external experts familiar with occupational
safety research. The two external safety experts represent the expert panel that consists
of six different stakeholder representatives. Experts play a societal role and represent
public authorities whose role is to support companies' ability to operate safely. In this
study, the experts’ role is to comment the map creation especially from the academic
perspective, and thus reflect the presented ideas to existing literature on safety manage-

ment.

In the workshop, the map was considered one perspective at a time in two groups: a
group of business representatives and a group of project experts. The interview question
used in the workshop are presented in Appendix B. The discussion confirmed many de-
cisions concerning the content of the map, but there were also some suggestions for
development and the need to clarify the content. The suggestions and the changes made
as well as the outcome of this workshop which is the refined version of the safety perfor-
mance map are presented in sub-chapter 6.1.3 Iteration of the map based on the valida-

tion interviews.

Later the created map was tested with a broader scope of companies. Testing and vali-
dation were conducted in three companies operating in different industries during spring
2020. The companies where the testing was performed are presented in Table 7. Testing
was carried out using a semi-structured, qualitative (group) interview method. The aim
was to test relationships between the factors on the map, assess the relevancy of chosen
factors and identify potentially missing factors. In addition, the aim was to gain under-

standing of the industry-specific features.
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Table 7. The companies involved in the validation of safety performance map

Industry Size (number of employees)
Forestry > 20000

Chemicals 800

Construction 600

Testing started with two opening questions:

- ldentify the five (5) most important factors for safety, i.e., the building blocks of
safety performance at your company. These are the factors that need to be in

place in order to meet your safety requirements. (i.e. basic safety requirements)

- Next, name five (5) safety-related issues that are currently the focus of attention
or development in your company, or which you see becoming more important in

the future.

Next, the interviewees were asked to place the ten factors they mentioned under the
main headings of the more general level framework. This was done to ensure that factors
were placed under the correct headings in the original safety performance map. Finally,
the interviewees were requested to evaluate the detailed factors of the map section by
section. The interviewees were asked to describe with examples how the factors of the
map occur in their organizations, evaluate whether some factors are less important or
relevant, is anything missing, are the titles informative and are the causal relations on
the map rational. The more detailed structure of the workshop is presented in Appendix
C.

Workshops in the food industry case organization

Not all topics covered in the interviews of the food industry company were related to the
topics of this study, and thus only the sections most relevant to the work were selected
for the more detailed analysis. With the food industry company, the same starting work-
shops were held to create the safety performance map, view the current safety measure,
and assess the first version of the map than with the other case organizations as well.
Besides, two other workshops were organized. In the first of them, the company’s current
measurement practices were evaluated using the safety performance map to reveal
where the focus of development work should be. In the latter, new measures were pro-

posed for the company.
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6. EMPIRICAL RESULTS

6.1 What are the key factors affecting safety performance?

6.1.1 Perceiving map factors through workshop discussions
Examining what are the key factors that affect safety performance is the first research
question for this research. Next, the factors identified from the workshop material are

examined section by section.
OHS management and leadership

Management commitment seemed to be the common thread in the discussions. How-
ever, the theme did not emerge as a single separate factor but was instead linked to
various factors under the perspective of management and leadership. The connection
between safety and strategy came up in the discussions with the manufacturing company
and the service company. The representatives of the service company noted that safety
management should have a link to the organization's overall strategy. In discussion with
the manufacturing company, it was stated that there are no goals or objectives for safety
without a strategy. Overall, the meaning of objectives was identified as crucial in many
of the discussions. According to a representative of the manufacturing company, objec-
tives should be fair, achievable, and visible. One person interviewed from the infrastruc-
ture company pointed out that it should be clear to everyone what the target level is, i.e.,

what is wanted and what is actually done to achieve the goals.

When discussing on setting objectives, the importance of monitoring was also often men-
tioned. Interviewees from the manufacturing company and the infrastructure company
found that by setting goals and monitoring their achievement, management can demon-
strate a commitment to improving safety performance. For example, an interviewee from
the infrastructure company was concerned that everyone in the organization might not
be informed about the achievement of their unit's goals. In relation to the achievement
of objectives, three out of four companies mentioned rewarding and sanctions in the
interviews. Traditionally rewards and sanctions are assessed according to results, and
this view came up also in the interviews. On the other hand, the interviewees from the
infrastructure company emphasized that they have a need and willingness at the com-

pany level to shift rewarding to be more based on active participation in safety actions
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rather than the end result, such as accident frequency rate. According to the same inter-
viewees, the problem with performance-based rewarding is that the result may come

with luck.

Interviewees from the food industry company highlighted that management also has a
role in ensuring that the necessary resources are available to perform the required ac-
tivities, such as inspections and development work. In general, the interviewees believed
that resourcing, the designation of persons and responsibilities relevant to safety, is crit-
ical. Resources were also seen to have a link to the strategy. According to one comment
in the interview with the service company, even if safety were included in the strategy,
there would be no results if no additional resources were allocated to execute safety-
related actions. On the contrary, however, this works; even if a safety requirement is not
enshrined in the strategy, but management is committed to safety and allocates re-

sources to it, results are produced.

Also, management's example was linked to management commitment for safety, and
the theme of leading by example was emphasized in discussions with all companies. In

the workshop with the manufacturing company, it was pointed out:

“Commitment is reflected in what is done in practice: You have to make it stand out, be

involved in the investigation and show genuine caring.”

Another statement from the manufacturing company summarizes the importance of man-

agement's example by stating that:

“It is pointless to expect people to follow instructions if the supervisors themselves do

not follow them.”

One crucial aspect of leading by example was seen to be the safety observations by
managers or supervisors. Leading by example was thus seen to happen through actions,
but also the importance of discussions to motivate employees' commitment to safety was
emphasized. According to the interviews, communication should be two-way, and feed-
back should also be obtained by other means than formally. The concept of transparency
was often associated with the communication. On the other hand, transparency was also
seen to be linked to objectives, as according to an interview commentary from the man-
ufacturing company, “if there are no clear objectives, transparency will not be fulfilled”.
In the discussions, transparency was referred to as openness. This includes, for exam-
ple, the transparent reporting, information, and communication of accidents. It was noted
in an interview with the infrastructure company that management commitment is linked
to the communication: If the entire management is not committed, the communication

chain may break, and the message will not move.
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In all four interviews, understanding, knowledge, or competencies were mentioned at
some level, but they were discussed from slightly different perspectives. Topics were
discussed, for example, from a learning perspective. According to one comment of the
manufacturing company, in building safety comes first thinking, then responsibility, ac-
tion, and finally, learning. Through communication and transparency, the dissemination
of information, and thus learning can be enhanced. In all of the companies the discus-
sions revealed similarly that individuals should have an overall picture and a basic un-
derstanding of what OHS is. In addition, the food industry company’s interviewees
pointed out that employees should know how H&S affects the company and what are
the legal requirements. The manufacturing company also emphasized the latter aspect.
Thus, according to the all interviews, high competence in OHS is not needed, but aware-

ness of safety-related issues is required.
Structure, culture and processes

In the context of management, resources were talked about in terms of management
having responsibility for deciding resources. However, resources were seen to be pos-
sibly related to several perspectives in the model but clearly linked to OHS structures. In
the context of structure, resources were discussed from the perspective of resource al-
location and division of responsibilities. It was seen as a matter of organizational struc-
tures that everyone in the organization understands one's role and responsibilities in
relation to safety. In general, in all of the case companies, safety was seen to be the
responsibility of line organizations. Similarly, in all case companies, the task of the H&S
(health and safety) organization is to play a more supportive role: develop and plan safety

actions, and support supervisors in their safety activities.

Although some companies, mostly the manufacturing company and the food industry
company, sought to harmonize safety-related practices, they also recognized and em-
phasized that harmonization could not always be required if, for example, different oper-
ation areas of the same company differed significantly. In such a situation, for example,
there may be different local statutory requirements, and therefore safety-related struc-
tures should be flexible. Also, a representative of the infrastructure company pointed out
that they have a different organizational structure in all business operations, which

means that there is no uniform model for executing safety practices.

Also, culture was seen to be built locally in some respects. The infrastructure company
interviewee noted that their company has activities across the country in which different
professional groups are involved, and the culture may vary significantly between these

groups. Also, culture is known to change slowly, so the challenge is how to get the culture
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to change throughout a large organization. Accordingly, in all case companies, safety
was associated with company values. An interviewee from the food industry company
emphasized that safety should be a core value for the entire organization by commenting

the following:

“Business values should be reflecting safety: safety is one of the values, more embedded

in the core of the business.”

Commitment became apparent earlier in the discussions of management and leadership.
In that context, however, there was talk of management commitment, which can manifest
itself in many ways in safety-related activities. Even if the starting point is the commitment
of the management, the commitment should be a thing common to all members of the

organization, and thus part of organizational culture.

As already mentioned earlier, according to a representative of the manufacturing com-
pany, when thinking and responsibility for safety are in order, next comes action. Safety
is perceived to be an active action. Thus, safety must not only remain at the level of
thought or speech, but also much concrete action must be done to achieve safety in the
organization. Three out of four interviews revealed that safety is seen to be part of eve-

ryday work. For example, a service company representative commented:
“Understanding that safety is not a separate issue, but part of a job well done.”

The processes in the Guldenmund's (2010) model are also related to active doing, as
the processes refer to patterns of activity taking place throughout an organization at the
operational, tactical, and strategic levels. According to the interviews with the manufac-
turing company and the service company, safety is above all part of other management
processes. According to one of the manufacturing company’s interviewee, a manage-
ment system means that certain things are agreed upon together; for instance, risk as-
sessment and induction are described as part of this management system. However,
there is a long list of processes related explicitly to OHS management. Of these, the
reporting process, risk management process, legal requirements, observations, safety
briefings, safety walks, risk assessments, workplace surveys, and fire and rescue oper-
ations were mentioned in the interviews. So, above all, proactive measures and actions
were repeated in the discussions about processes. Of the individual processes, training
and induction emerged most often, three out of four times, and were described as es-

sential processes, and they were thus included in the safety performance map.

Based on the interviews regarding the safety-related processes, other topics most often
covered in the interviews could be grouped into two more distinctive, but closely related

themes: information systems in reporting and documentation. The documentation was
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considered to be the result of reporting, and thus the factors were placed on the map
consecutively. According to one interviewee, as the factors described in the interview are
part of an ongoing process, they cannot, therefore, be put in order. This was also identi-
fied in the project research team, and therefore the individual factors are not otherwise

related to each other by causal relationships.
Employees’ attitudes and behavior

One of the themes in the interviews was employee attitudes and self-management. Em-
ployees' attitudes towards work were felt to some extent form a basis for safety and the
attitudes towards work were measured in the food industry company, at least. An inter-
viewee from the service company mentioned that also professional pride and employee
self-esteem are the starting points for safe behavior. However, according to the same
interviewee, professional pride can also be negatively reflected in the fact that it is difficult
for an employee to receive or discuss safety-related instructions. Instead, according to
the interviewees, self-management is visible in everyday life, for example, in such a way
that the given safety instructions are followed to the end and when no one monitors the
compliance. The underlying fundamentals could thus be seen to be employee self-es-

teem and self-management.

The premise is also that individuals follow the rules, even if they do not fully understand
why. When an individual understands why certain activities are done to improve occupa-
tional safety, the next level of safety maturity is achieved. In this case, awareness and
knowledge about why safety is important increase, and, according to the interviews with
the food industry, service, and infrastructure companies, the willingness of individuals to

take measures to promote safety thus also increases.

The contradiction between urgency and safety emerged in three different interviews.
There may be, for example, schedule pressures behind the rush. Therefore, an em-
ployee might be to choose between fines imposed by the customer and safe work. An
infrastructure company interviewee stated that although fines can also be imposed for
not using protective equipment, these fines are in a completely different size range from
fines for the delay. Maturity is indicated by the fact that employees work under safety

instructions, even when the work schedule is tight.

In two out of four interviews the theme of caring was mentioned. Safety is about caring
for each other and taking responsibility for the safety of oneself and others. Caring can
be expressed e.g. by intervening when seeing an unsafe act and by giving feedback.

One of the interviewees from the manufacturing company commented:
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“Safety is an action: when something is seen, it is addressed or driven forward. Safety

should be addressed without fear of consequences.”

Caring can also focus on things. According to the interviews of the manufacturing com-
pany, care should be taken, for example, to take immediate corrective action and thus

prioritize safety.
OHS performance

Each case company mentioned proactive measures and indicators in the interviews. The
quantity and quality of proactive activities were considered necessary, and there was a
desire to invest in them in the future. Also, lagging indicators were mentioned but were
not discussed as significantly. Because these two factors are key factors used to meas-
ure how successfully an organization is performing regarding occupational health and

safety, they are included in the map.

The term positivity was repeated in several interviews. Safety is traditionally associated
with negative factors, such as accidents and incidents, but according to the case com-
panies, safety should be approached through positivity. Typically, negative events are
measured in companies, but also, positive events should be emphasized. This can be
seen as part of the measurement system’s development, as comments from the manu-
facturing and the infrastructure companies suggest that in the future, the positivity aspect
should also be acknowledged in measurement. The theme of developing the measure-
ment system was also repeated through other aspects of the interviews. In addition to
positive measurement, the development of leading measurement, implementation meas-
urement, and daily performance, such as measuring the use of protective equipment,

was also mentioned in the interviews.

The factor ‘Performance transparent at all levels’ was also attached to the development
of measurement system as well as positivity. However, it was, to some extent, the inter-

pretation of the project research team rather than a data-driven causal relationship.
Organizational performance

Regarding organizational performance, five topics were highlighted in the interviews:
quality, productivity, reputation, cost reduction, and customer satisfaction. The factors
listed do not necessarily actually affect the safety performance, but the organizational
performance is rather a result as described in the original more general level framework.
Thus, the factors under other perspectives, together with the safety performance, ulti-

mately affect these five aspects of organizational performance.
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In two of the four interviews, costs were discussed, and they were explicitly talked from
the cost reduction perspective. The costs were seen to come from both well and poorly
done work. The realization of safety was seen to result in a reduction in accident costs.
This can be directly reflected in, for example, insurance premiums and replacement
costs. On the other hand, at least at the food industry company, measuring organiza-

tional effects was considered challenging.

Safety was described as being part of quality. Through safety, a culture of caring and
intervention can emerge, in which case the occurrence of mistakes is addressed in a
timely manner. This can also be reflected in the quality. In the interviews with the food
industry company and the manufacturing company, safety was seen to relate also to
productivity. According to the manufacturing company, productivity can occur in the
workplace, for example, so that when there are no accidents, everyone is at work as they

should, and production or work is not slowed down.

The reputational impact was also identified in all of the interviews. Safety can affect rep-
utation, for example, so that customers will not choose a company with many accidents.
Also, investors compare the results of safety indicators. Reputation also has an impact
on how attractive employees see a company, and on the other hand, getting talented
and motivated employees contributes to quality and productivity and further to customer
satisfaction and cost savings, among other things. According to the interview with the
food industry company, reputation can also impact customer satisfaction, for instance,
through sustainability issues. Reputation and customer satisfaction were eventually

linked to the company's business results.

6.1.2 The initial version of the safety performance map

The map was built mainly based on data, in accordance with the factors presented in the
previous subsection. However, some researcher-driven changes were made, and for ex-
ample, some factors were redistributed. This change mainly concerned the factors raised
under the heading OHS performance. As the previous sub-chapter revealed, several
different factors were mentioned when discussing the factors belonging under the per-
spective of OHS performance. However, later in a meeting with the project researchers,
it was noted that the OHS performance is ultimately about the level of realization of safety
and measuring this with leading and lagging indicators. Thus, the perspective of OHS
performance was simplified to consist only of the factors of leading indicators and lagging
indicators. The other factors mentioned at the same workshop discussions of OHS per-

formance, so development of measurement system, positivity, and performance trans-
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parent at all levels were repositioned on the map to be part of processes. All of the men-
tioned factors were seen to be associated with development, which is commonly

acknowledge as a process.

Also, the OHS management and leadership themes that were combined in the previous
more general framework were distinguished here, and the themes suitable for these ar-
eas were divided. This was justified, as some of the interviewees naturally spoke about
these two different themes, and the division has long been identified in the literature. In
accordance with the identified division, issues related to the management of things were
placed under the heading of management and issues related to leading people under

the leadership theme.
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Figure 12. The first version of the safety performance map.

In the workshops, the interviewees were asked to prioritize the identified building blocks
of safety performance and search for linkages between the factors within one perspec-
tive. Especially the factors of induction, communication, clear responsibilities and safety
as part of everyday work were emphasized, but none of the prioritized factors were ex-
plicitly left out of the first version of the map so that a factor could not be considered to

be included under any broader concept.

Interviewees found causal relationships between some of the factors. These relations
are indicated in the previous sub-chapter 6.1.1 Perceiving map factors through workshop
discussions. However, not very clear nor many links were found in the discussions. Also,

the subject did not gain much attention in the interviews. Because of this, the research
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team primarily outlined the first model of how different factors could relate to each other.
The relations were determined based on the literature and general knowledge. In the
OHS management and leadership, employees ’attitudes and behavior, and organiza-
tional performance perspectives, the relationships between the factors were quite ex-
plicit. These causal relationships may also, to some extent, represent a level of maturity,
as is the case, for example, with the factors below the title Employees ’attitudes and
behavior. The credibility and correctness of these relationships were validated later in

the testing phase of the map.

6.1.3 lteration of the map based on the validation interviews
The first evaluation of the map was carried out with the experts’ panel and the participat-
ing companies involved in the creation of the map. For the most part, the commenting

was approving, but some changes were also made to the map based on the interviews.

Based on the discussion of business representatives, following factors were added to

the map:
- Action plan (OHS management)
- Standards and regulation (Processes)
- Supplier contract management (Processes)

In the group of business representatives, it was felt that annual planning plays a signifi-
cant role in the management, and it does not yet appear on the map. There was a con-
sensus in the discussion that logically the objectives would be followed by action plan-
ning, followed by the definition of adequate resources. The group of business represent-
atives also identified the need to add a factor ‘Standards and regulation’ to the map under
the heading Processes. Standards and regulation were felt to be essential and to form a
starting point for processes. The third factor added based on the discussion with the case
organizations’ representatives is supplier contract management. Supplier management
was already mentioned for the first time in the map creation workshops, but only by a
one company. Now all the case companies agreed the factor should be on the map. The
issue was considered essential and universal, as at least all the companies involved
have subcontractors, contractors, or suppliers. Even more broadly, this could refer to all

external actors and the process of their contract management.

The expert group pointed out that the map also lacks empowerment and accountability.
Empowerment is about involving employees in decision-making and giving them inde-
pendence so that individuals can use their awareness and knowledge for the benefit of

the community. Empowerment was first mentioned by one participating company in the
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early stages of map creation. In fact, coaching and safety participation, factors closely
related to empowerment were also mentioned in the first workshops aiming at finding the
key indicators for the safety performance map. However, at that point, the significance
of the factors was not highlighted. Now, it was more evident that empowerment could be
an essential factor for safety performance. The project researchers decided to add em-
powerment to the map and examine in the actual testing phase, whether this factor would
be confirmed by the new companies involved in the testing. Accountability instead was
not earlier clearly brought up in the empirical material. The research team wondered
whether the factor was included in some other factor under the perspectives of
OHS management and leadership, for example in monitoring or transparency, to which
it could sometimes be seen to be related. Regardless, it was decided not to add account-

ability to the map at this point without further research.

Also, some of the titles were refined to make them more informative. The title of the main
perspective of Employees’ attitudes and behavior was changed to the form of Individual
behavior. This was done as both the terms ‘attitude’ and ‘employee’ were criticized. The
term attitude was criticized in both interview groups. Business representatives com-
mented that they try to avoid using the word, and the panel of experts thinks the term is
problematic because the structures of a workplace determine what an individual can do.
Instead, only experts criticized the word employee and suggested the term individual
instead, which would also cover employees in a supervisory position, thus emphasizing

everyone’s commitment to safety.

The factors ‘Commitment and safety in thinking’, and ‘Safety awareness and understand-
ing safety reasoning’ actually contain two different factors, which was found to be prob-
lematic. Therefore, the factors were broken into following separate factors, that more
specifically represent only one individual theme: safety awareness, understanding safety
reasoning, commitment and safety in thinking. At the same time, these new separated
factors were placed in places they better fit. The iterated version of the safety perfor-
mance map is presented in Figure 14. Factors edited or added to the map are marked

with a grey background.
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Figure 13. The safety performance map iterated based on the comments of the case
organizations.

The second iteration was done based on the testing phase interviews. Before presenting
the detailed map to the testing group, participants were asked to name the five most
important factors for safety, i.e., the building blocks of safety performance at their com-
pany and next name five safety-related issues they see to become more critical in the
future. This was done to reveal if the same factors included in the map would also appear
here, thus indicating the relevancy of the factors involved. The second purpose of these
questions was to tell about the maturity of the safety performance and, thus, the mutual
order of the different factors. Table 8 presents the answers for both of the questions. The
new factors that that were not included in the previous version of the map are in bold in
the table.

Table 8. The factors mentioned in the testing phase interviews.

Perspective Basic safety requirements Factors of interest in the
(i.e. building blocks) future
- Management commitment and - Information sharing
example - Human factors
- Management work - Management’s awareness
OHS management Empowerment - Empowerment

and leadership - Positive communication

- Top management commitment

Structure - Common operations models to

key issues
- Supplier involvement - Supplier management and
- Learning about events and high- involvement
Processes quality investigation of events - Accident and near-miss in-
- Occupational health and safety vestigation and learning

plan and planning from them
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Safety training - Workplace survey

Risk assessment - Targeting training

Comprehensive risk assessment - Training (e-learning)
Broader risk assessment
perspective

Harmonization of practices
Audits and their harmoniza-
tion

Consideration of process
and machine safety
Deployment and testing
of new technologies

Culture Safety must be a value - Developing leadership and
culture
- Making safety observations - Driving forward and in-
Individual behavior creasing the number of

safety actions

The hypothesis was that the answers of the first and second question would differ. How-
ever, this was not the case. The answers to both questions were very similar, and the
factors could easily be placed under some common heading. The deduction was, that
the same topics repeatedly interest the organizations, but with slightly different empha-
ses. For example, safety training was mentioned in the answers to both questions. How-
ever, in the case of the first question, it was discussed at a more general level, while in
the case of the second question, the answer was given in more detail, for example, the
development of online training and the goal of targeting training. Thus, the same themes
seem to be specified according to some interesting, trendy, or otherwise topical perspec-
tive. This finding supports the existence of the map, because on this basis, it can be
assumed that the factors on the map are very fundamental to safety performance and

not time dependent.

The new factors that emerged from the first two questions that were not included in the
previous version of the map were: management commitment, empowerment, harmoni-
zation (common operations models to key issues), risk assessment, deployment and
testing of new technologies, consideration of process and machine safety, and driving
forward and increasing the number of safety actions. During the testing phase, manage-
ment commitment emerged as a separate factor. However, the project team found that
it is vital that commitment comes up in the culture section, and thus reflects the commit-

ment of members of the entire organization.

Empowerment is a factor that the research team added to the map in the previous itera-
tion phase. In this testing phase, empowerment or the term involving emerged in the
answers to both the first and second questions and was thus received confirmation. Later
in one of the interviews, a forestry industry company representative claimed the empow-

erment to be one of the most important factors to be in place and added:
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“l don't think a large number of observations automatically create a safe environment,
but people at different organizational levels need to be activated and involved. When the
employees are allowed to comment on things, they will take ownership of the safety

issues.”

As stated earlier in the case of structure, there was talk not only of flexible structures but
also of the need for some degree of harmonization. During the testing phase, it was
considered that it depends on the situation of the company (for example, the recent or-
ganizational change or a company operating globally) or the industry, whether the or-
ganization needs harmonization or flexibility. Based on the interviews, flexible structures
seem to be particularly relevant for companies engaged in project activities, such as the
construction industry. Since the map was intended to be universally valid, the term ‘flex-
ible structures’ was replaced by ‘practical structures’ to refer to OHS structures appropri-

ate to each company's situation and needs.

Risk assessment was identified essential both in the first questions and later in a more
detailed examination of the sections. Of the fundamental processes in general, certain
integrated processes, such as risk assessment, audit, and accident investigation at the

organization-wide level, were seen as missing from the map.

The testing and introduction of new safety-enhancing technologies were mentioned as a
completely new factor in the interviews. The construction company stated the new tech-
nologies to be in their interest at the moment, and the importance of technology was
seen to continue to grow in the future. However, since this aspect of development is a
rather individual object of development, just like the development of measurement sys-
tem already mentioned in the map, it was decided to simplify the map and replace the
factor "development of measurement system’ by the term ‘development’. Thus, this one
factor covers various development targets, such as the development of measurement
systems, new technologies, development of practices and safety training, development

of positive measurement, and visible performance at all levels and for all.

The development of process and machine safety was also mentioned in one of the inter-
views, but it is considered to be outside the scope of this study due to the safety definition
chosen. Instead, the factor ‘driving forward and increasing the number of safety actions’
was included in the map. It was interpreted to refer specifically to individuals' behavior
and the participation of personnel, which is a counterweight to the empowerment asso-
ciated with OHS leadership. In the interview, this ‘| participate’ was referred to as involve-
ment, but the research team decided the term ‘participation’ was more informative. Par-

ticipation is a form of caring about safety matters, while caring refers above all to caring
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about other people, manifested in, for example, daring to intervene in another person's

unsafe work. Caring, therefore, presents a higher level of maturity.

In addition to the factors mentioned earlier, some other factors were added to the map
as well. For instance, a performance discussion was added under the heading OHS
management. At the initial workshops this matter was brought up by representatives of
the manufacturing company, but it did not gain more attention at that point. Now when
the map was discussed one perspective at a time this aspect emerged again. It was
found that there was no complete agreement on sanctions and rewards, and in particular,
the direct transition from monitoring to sanctions was not considered to be in line with
corporate practices. The interviews revealed that, especially before taking punitive ac-
tion, there should be a discussion that can be used to determine whether the accident
was due to the employee's negligent actions or, for example, the lack of adequate in-
structions or the right kind of work equipment. One of the interviewees of the forestry

industry company described the meaning of a performance discussion as follows:

“The purpose is to have a discussion between the employee and the supervisor about
how the behavior contributed to the accident. First, through the positive, followed by

sparring and coaching, and only if needed, the discipline will follow.”

Fairness that was added under the heading of culture also speaks of positivity and jus-
tice. In fact, the phenomenon became apparent at an earlier stage in the creation of the
map, where the manufacturing company mentioned fairness as well as equal treatment
of people in the interview. At that time, however, this fact was not yet further confirmed,
but now fairness was raised as one of the factors of culture. Now the forestry industry

company's representative commented:
“We want to create a 'Blame free environment', where everyone is treated the same.”

The factor ‘Standards and regulation’ was replaced by the factor ‘Internal rules’ by the
research group's decision. The researchers considered standards and regulation to refer
mainly to the legal level of directions. However, in reality, a company can only comply
with the legal level or go even further to promote and measure safety. The term supplier
contract management under the perspective of processes was also corrected as it was
felt to be too narrow. The term ‘contract’ was omitted from the description, and the factor

thus changed to supplier management, which covers a broader description.

The last changes were made to the map's performance perspectives. As the OHS per-
formance section of the map was quite unambiguous and did not provoke commenting,
the project research group considered its significance for the visualization. Among the

researchers of the project, it was concluded that its presence on the map is unnecessary
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precisely because of its unambiguity, but also because the whole map describes the
factors contributing to OHS performance, therefore it is the end result of the whole map.
Also, for this thesis, the factors of leading and lagging indicators under the OHS perfor-
mance perspective would be opened further when answering for the second research
question. Thus, the perspective was removed from the map. A supportive argument for
the removal was also that safety performance in some theories is included in organiza-
tional performance (Fernandez-Muhiz et al. 2009). Therefore, the organizational perfor-

mance perspective was renamed performance, and safety was added below this.

In a one testing phase interview it was believed that sustainability is a common value for
all companies and especially emphasized in today's society. The interviewees proposed
that sustainability has an effect on company’s reputation. The research team felt the
comment was valid, but with regard to occupational safety, in particular, one attribute of
sustainability - social responsibility - should perhaps be emphasized. Therefore, social
sustainability that refers to promoting wellbeing was added under the new perspective of

performance.

Simultaneously, the term ‘Cost reduction’ was changed to a broader concept of cost
management, and ‘Customer satisfaction’ was fine-tuned according to the following com-

ment of test phase interviewee from the forestry industry company:

“Customer satisfaction, yes, but in a listed company, more of stakeholder satisfaction.

More broadly, for example, the owners must be satisfied.”

The order of the factors in the individual behavior perspective raised a lot of commentary
and wonder, so it was decided to clarify the description of the factors and reconsider their
order. In the interviews in the test phase, compliance was perceived as the “most nega-
tive” of the factors and therefore perceived to be the first. Safety awareness, on the other
hand, was perceived to mean the same as understanding safety reasoning. For this rea-
son, safety awareness was specified to mean the necessary awareness of dangers at
the workplace and awareness of the existence of safety procedures, which justifies its
place as the first factor on the list. The locations of compliance and self-management

factors on the map were also reversed.

The iterated version of the map is visualized in the following sub-chapter, where the final

version of the safety performance map is presented and explained.
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6.1.4 The final version of the safety performance map
The final version of the safety performance map is presented in Figure 15. The map is
here reviewed section by section and all the factors identified to affect the safety perfor-

mance are explained in detail.
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Figure 14. The safety performance map.

According to the study, the best starting point for OHS performance is in business strat-
egy, which contributes to the vision. In some companies, safety may be clearly included
in the strategy, but even if safety is not concretely reflected there, safety will support the
realization of other parts of the strategy, such as profitability. Thus, safety objectives are
set in accordance with the strategy. A road map, a strategy tool, is one way to align
goals. A detailed plan of action is designed to reach the set objectives, thus, ultimately,
to prevent safety issues and to address them. Plans and goals can be created locally
and at the corporate level and at different time spans, such as annual or monthly. Next,
management should make sure that there are sufficient resources available to perform
the required safety actions, such as inspections, but also development, to meet the set

action plan and the objectives.

Monitoring the achievement of objectives is considered essential. It allows management
to demonstrate a commitment to improving safety and is also done for accountability
reasons. Monitoring is done through indicators, such as audits and inspections. Monitor-
ing then reveals performance. Performance discussion should be in place, before pro-
ceeding from determining rewards and sanctions according to the performance results.

The discussion can be used to find out whether the accident was due to the employee's
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negligent actions or, for example, the lack of adequate instructions or the right kind of
work equipment. If the performance has been positive, the discussion can be used to
communicate, appreciate, and encourage positive behavior. Only after that, the rewards
and sanctions are addressed. However, the rewarding should not only be based on the

results, but also according to active participation in safety actions.

The factors explained above are classified as belonging to OHS management, but man-
agement and leadership have a two-way relation, and they do not appear without each
other. Management's example is shown through actions and discussions, and it seems
to motivate employees' commitment to safety. The importance of informing and two-way
communication of safety and health-related issues is highlighted, especially in everyday
working life. Everyone in the organization should receive the necessary safety infor-
mation, which in part creates transparency in the company. Also, open reporting and
communication of accidents express transparency. Actions and communication both in-
crease organization's members' awareness and knowledge of safety. There must be an
overall picture, and a basic understanding of what OHS is, how it affects the company,
and what are the legal requirements, but high competency in OHS is not needed. Em-
powerment expresses a higher level of maturity. It is about involving employees in deci-
sion-making and giving them independence so that individuals can use their awareness
and knowledge for the benefit of the community. Table 9 summarizes all the factors un-
der the perspectives of OHS management and leadership.

Table 9. Summary of factors included in safety performance map under the perspec-
tives of OHS management and OHS leadership.

OHS management

Objectives aligned with
strategy

Action plan

Sufficient resource allo-
cation

Monitoring

Performance
discussion

Rewarding and
sanctions

OHS leadership

Management's
example

Description

Setting visible, fair and achievable objectives in line with the organization’s
strategy.

Creating an annual or monthly plan of action. Plan is designed to prevent
safety issues and to address them.

Ensuring there are resources available to perform the required safety ac-
tions, such as inspections and development work.

Monitoring the achievement of objectives. Monitoring allows management to
demonstrate a commitment to improving safety.

A discussion that can be used to encourage positive proactive performance
or find out whether an incident was due to the employee's negligent actions
or, for example, the lack of adequate instructions or the right kind of work
equipment.

Rewarding and sanctions according to results but also rewarding based on
active participation in safety actions.

Leading by example through discussions and actions. Management’s exam-
ple motivates employees' commitment to safety.
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Informing and two-way communication. Safety issues are addressed in eve-

Communication ryday life, and everyone receives the necessary information regarding safety.

Transparency in safety related issues. For instance, accidents are reported

Transparency openly.
Developing There is an overall picture and a basic understanding of OHS, how it affects
awareness and the company, and its legal requirements. High competence in OHS is not
knowledge needed, but awareness of it is required.

Involving employees in decision-making and giving them independence so
Empowerment that individuals can use their awareness and knowledge to benefit the com-

munity.

The structure perspective of the safety performance map, that considers the hierarchy
within an organization consists of four factors. The first factor, Clear roles and responsi-
bilities, emphasizes that all members of the organization should be aware of what they
can do to promote safety. This requires clear job descriptions and specifications. Usually,
the line organization is responsible for implementing safety actions, and the H&S organ-
ization has a more supportive role. Also, the OHS structures should be practical and
suitable for the company's needs. Depending on the company's current situation and

industry, the roles and responsibilities might either need harmonization or flexibility.

There is a high number of processes in organizations, but the ones that ended up in the
safety performance map include internal rules, induction and training, development, sup-
plier management, and reporting, supported by the factors of information systems and
documentation. The processes are continual, and thus they are not organized in a spe-
cific order, and no causal relationships have been found between them. The factors are

explained in Table 10.

Under the cultural perspective, the factors are more abstract, but there are a clear rela-
tionship and order between the factors. The premise is that safety would be one of the
core values of a company. Fairness, which here reflects equality and justice, is also often
linked to company values. Once there is a value base, individuals in the organization can
all commit to these shared values and take responsibility for their own and their col-
leagues' safety. Safety should be a part of each job description. It should not be treated
as a function separate from other activities. In a mature culture, safety is part of all think-
ing and the first thing to pay attention to in all situations - safety first.

Table 10. Summary of factors included in safety performance map under the perspec-
tives of structure, processes and culture.

Structure Description

Clear roles and Understanding one's role and responsibilities - what can be done for safety.
responsibilities Clear job descriptions and specifications.
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Line organization
responsible

H&S organization
supporting line

Practical
structures

Processes

Internal rules

Risk assessment

Induction and training

Reporting

Information
systems

Documentation

Development

Supplier
management

Culture

Safety as a core
business value

Fairness

Commitment

Safety as a part of
everyday work

Safety in
thinking

The line organization is responsible for implementing safety actions.

H&S organization is responsible for developing and planning safety actions
as well as supporting supervisors in their safety activities.

OHS structures are practical and suitable for the company’s needs. Either
harmonization or flexibility could be required.

An organization’s set of rules specific to operations and industry. Rules re-
flect legislative requirements.

The process of evaluating risks to individuals' safety and health in the work-
place.

Job induction and training in safety and health, such as occupational safety
card training.

Reporting observations, near-misses and accidents.

Information system as a tool for reporting and as a document storage.

Documentation is available and accessible.

Planning and development of safety-related actions at the workplace. Contin-
ual improvement process.

Ensuring the contractor has the ability to work safely.

Safety is one of the core business values.

The culture reflects fairness and justice. Everyone is treated the same.

Safety is dedicated: everyone takes responsibility for their own and their col-
league's safety.

Understanding that safety is not a separate issue, but part of a job well done.

Individuals always want to make a safe choice in all situations.

Also, the factors identified under the individual behavior perspective are causally related

to each other, and the order between them also reflects maturity levels. First, the individ-

ual should become safety aware; become aware of workplace hazards and the existence

of safety instructions and procedures in the workplace. This is followed by compliance.

Thus, individuals follow the safety rules even if they do not entirely understand why this

is done and where the action's effect is. At an even more mature level, the individual is

capable of self-direction, regulation, and management. The safety instructions are fol-

lowed to the end, and even when no one is monitoring compliance. Next, individuals start

to understand why safety is important and why certain activities are done to improve
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occupational safety. Achieving this requires efficient leadership and communication. Af-
ter individuals have a broad understanding of why safety is a priority, they should have
the capability to work following safety instructions and make safe choices even when the

work schedule is tight, and there are production pressures.

The highest maturity levels apply to participating and caring. First comes caring for safety
matters, which here called participating. Individuals are involved, and they actively par-
ticipate in improving safety in the workplace. Caring for people in the workplace includes
taking responsibility for the safety of oneself and others. Caring includes intervention that
can be expressed e.g., by intervening when seeing an unsafe act and giving feedback.

Table 11. Summary of factors included in safety performance map under the perspec-
tive of individual behavior.

Individual behavior Description

Awareness of dangers at the workplace. Awareness of the existence

Safety awareness of safety procedures.

Individuals follow the rules even if they do not entirely understand

Compliance why.

The safety instructions are followed to the end, and even when no

Self-management ; o .
one is monitoring compliance.

Understanding why safety is important and why certain activities are

Understanding safety reasoning done to improve occupational safety.

Deciding to act safe in pressure  Employees work in accordance with safety instructions, even when
and haste the work schedule is tight.

Individuals are involved, and they actively participate in improving

Participating safety in the workplace. Caring for safety matters.

Caring for each other and taking responsibility for the safety of one-
Caring self and others. Caring can be expressed e.g., by intervening when
seeing an unsafe act and by giving feedback.

The last section of the map, performance, describes what can be affected in performance
through the perspectives and factors described above. The most self-evident is safety
performance. However, safety also has indirect effects. It was identified that safety af-
fects quality, productivity, and social sustainability, and, through these, further stake-
holder satisfaction, cost management, and reputation. The factors are explained in Table
12.

Table 12. Summary of factors included in safety performance map under the
perspective of performance.

Performance Description

Safety The quality of an organization’s safety-related work, thus the ability to lower the
risk of accidents.
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Quality Safety is a component of quality.
Productivity Safety is seen to relate to improved productivity e.g., through less sickness ab-
sence.
. Accidents could have harmful impacts on reputation. Reputation has an impact
Reputation .
on how attractive employees see the company.
Social Promotion of i.e., wellbeing, equity, and human rights in the organization and the
sustainability society around it.
Cost Successful OHS management can lead to cost management through both direct
management and indirect costs.
Stakeholder Safety is seen to have an impact on stakeholder satisfaction, for instance,
satisfaction through sustainability issues.

In a bigger picture, it seems that the chain ends to the factors under the perspective of
performance. However, this is not the case in reality. The process is iterative: the safety
performance map and the state of the factors on the map can be viewed at a particular
point in time. Thus, a map can be used to look, for example, at how changes in one factor

are reflected in other factors and performance.

6.1.5 Industry-specific features

The construction industry is characterized by the project-like nature of the work, which
was evident in the interviews with the house construction industry company participating
in the testing phase and the infrastructure company involved in the creation of the safety
performance map. The interviews with these two companies revealed that project organ-
ization shows especially in the fact that the settings for the work are not permanent and
business is geographically dispersed. Construction sites are essential part of the opera-
tional logic. The construction sites are dynamic environments: the construction site
changes all the time and in a fast cycle according to the construction phases. Also, the
employees involved move and change several times during the project. The assumption
was that, the project nature of the construction industry would also reflect in the map as
industry-specific features, such as the requirement for flexible OHS structures. However,
what is noteworthy, it seems that is not the case. The house construction company did
not identify flexibility as an essential requirement for their OHS related structures, alt-
hough flexibility otherwise is a crucial part of their business. Instead, the company seeks

to find harmonization at the group level.

On the other hand, the infrastructure company stated that they have a different organi-
zational structure in all of their business units. Also, the manufacturing company that
operates globally in several locations stated that it may not be possible to require the
polices, roles and responsibilities to be identical in all of the company’s units due to dif-

ferentiating local legislations and regulation. Thus, more than the project nature of the
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business, the fragmentation of operations and the requirement for flexibility may be ex-
plained by the large size of the company, the large number of units or the company's

various business areas.

In the interviews with the construction sector companies, also culture was seen to be
reflected by project work. According to the representatives of the house construction
company, the project leader has a great impact on the working culture in the construction
site. Some leaders might follow the safety rules more strictly than another leader in an-
other project, which might cause sub-cultures to arise and cause confusion among em-
ployees. Also, the representatives of the infrastructure company had acknowledged the
challenge of ensuring that cultural changes are proceed throughout the organization,
when the company has units all over Finland, in which different professional groups all
with different cultures work together. Although this issue of sub-cultures did not come up
with the companies representing manufacturing industry, it might still be, that the expla-
nation is the fragmentation of business similarly to the OHS structure issues rather than

the industry sector itself.

Another factor describing construction industry is the fact that it is strictly regulated and
supervised, and this seems to be truly an industry-specific feature. The construction in-
dustry is thus subject to its own regulations on the safety of construction work, and some
indicators, for example, may have been developed specifically for the needs of the con-

struction industry.

In conclusion, it can be assumed that the differing views or different emphases of com-
panies on the factors contributing to safety performance are not necessarily so much
related to the industry they represent, but also, for example, the size and geographical
fragmentation of the company as well as the stage of the company's life cycle. In general,
it is difficult to draw more general conclusions about how context affects outcomes. This
would suggest that the safety performance map as an obtained result of the research,

described with this precision, would be quite generally applicable.

6.2 How can the factors affecting safety performance be meas-
ured?

6.2.1 Current safety measures in the case companies

One of the aims of this research is to introduce key performance indicators (KPI) for
different factors affecting safety performance that are illustrated in safety performance
map. The first step of this was to link the existing safety performance measures used in

the case companies and in the companies involved in the testing phase to the created
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map. The purpose of the listing is to create an overview on how the companies measure
the different factors of the map and offer the companies a chance to benchmark the
indicators that other companies use. Table 13 presents the indicators used in the inves-
tigated companies. The listing may not be complete, and it should be noted that compa-
nies have reported the indicators used with different accuracies. Therefore, only in the
case of some of the indicators the unit of measurement is mentioned. In addition, the
table presents only the indicator, not the calculation formula or method.

Table 13. Current measures used in the case companies for evaluating safety perfor-
mance.

Factor Indicator No. of . Lead /
companies Lag
OHS M&L
Sufficient Tracking overtime 1 Lead
resource allocation
Corrective actions are taken without delay 1 Lead
Corrective actions per incidents & near misses 1 Lead
Safety audits are held at all construction sites 1 Lead
Monitoring
A manager always participates in the accident in- 1 Lead
vestigation
Risk assessments update / new 1 Lead
Completion of safety observations 1 Lead
Management's Safety walk 2 Lead
example
Safety Talks 2 Lead
Communication Weekly meetings are held regularly at all construc- 1 Lead
tion sites
Meetings related to the maintenance of work ability 1 Lead
(In Finnish: Tyky-palaveri)
Processes
Rehabilitation work 1 Lag
Internal rules
Health examinations 1 Lead
Risk assessment Risk assessments 1 Lead
Induction and Safety training 1 Lead
training Induction rate 1 Lead
Near-misses 1 Lead/
Reporting i — . _ Lag
SIF (Serious incidents and fatality) potential 1 Lag
Supplier Accident frequency of own employees and subcon- 1 Lag
management tractors (LTI 1)
TRI accidents to suppliers 1 Lag
Culture
Commitment Employee satisfaction survey 1 Lead
Individual
behavior
. EHS observations 7 Lead
Compliance

TR safety observation method 2 Lead
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MVR safety observation method 1 Lead
Elmeri+ safety observation method 1 Lead
Performance
LTI (Lost time injury rate) 4 Lag
Accident rate of own employees (LTI 1) 1 Lag
Serious accident rate of own employees (LTI 9) 1 Lag
TRI (Total recordable incident rate) 4 Lag
TRIF (Total recordable incident frequency) 3 Lag
Sick leave 2 Lag
(Suspected) occupational diseases 2 Lag
Safety LTA (lost-time accident rate) 5 Lag
Percentage of hours worked 1 Lag
Severity rate 1 Lag
SIF exposure 1 Lag
MTI (Medical treatment injuries) 1 Lag
First aid cases 1 Lag
Accidents on the way to and from work 1 Lag
Lost days 3 Lag
Productivity Lost time 1 Lag
Worked hours 1 Lag
Accident costs 2 Lag
Cost The development of the accident insurance pre- 1 Lag
management mium
Salary costs of sick leave caused by an accident 1 Lag

The four most commonly used indicators in the group of seven investigated companies
are safety observations, lost time injury rate (LTI), total recordable incident rate (TRI),
and lost time accident rate (LTA). Safety observations are made in all surveyed compa-
nies. In addition to safety observations, some companies mentioned industry-specific
safety observation indicators, such as MVR and TR. TR safety observation method is
used for measuring occupational safety specifically at construction sites, whereas MVR
is an indicator for civil engineering. Another safety observation method mentioned was
Elmeri+. This method is not as highly industry-specific, but it is described to be especially
suitable to the industrial sector. Safety observations can be seen as an indicator for in-
dividual behavior in companies, but as individual behavior and culture are closely related,

safety observations can also be linked to the perspective of culture.

It can be seen from the list that the indicators used are quite similar in all the companies
surveyed and the indicators present quite traditional safety measures. The fact that not

all companies have mentioned an indicator that is on the list does not mean that that
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indicator, process or activity is not used in the company. For example, safety training is
statutory, but still only one of the companies interviewed mentioned safety training when
asked about indicators. This may be due, for example, to the fact that the given list of
indicators is not complete or that training is simply not considered a measurable object
in the company. Many of the companies probably emphasized OHS indicators, but at the
same time it is likely that for example many HR indicators went unreported. However, it
is important to note, that for the map as a whole, it would be essential to interconnect the

measures for all areas and perspectives.

Overall, it is evident that lagging measures are principally used to measure the right-
hand side of the safety performance map, i.e. the end result of the safety actions. On the
contrary, proactive measures are used to measure the left side of the map, which in-
cludes the factors that can be influenced proactively to achieve enhanced safety perfor-

mance.

6.2.2 Identification of possible development needs in measure-
ment

As noted in the previous subsection, there are not many indicators associated with the
OHS structure, but on the other hand, structure is not perceived as a traditional and es-
sential measurement object in safety management. It can also be seen from the table
that there are not many indicators available for companies to measure culture either. The
desire and willingness to find such culture measures were also expressed in several
interviews conducted within this project. The measurement of culture is further elabo-
rated in another part of the SafePotential project, but this study also aims to present

some indicators for measuring the different identified areas of culture.

Another development need identified in the project interviews is related to leading indi-
cators. Many of the case companies addressed their interest in finding new leading indi-
cators for measuring safety performance. The companies were willing to find more pos-
itive measures instead of focusing only on the traditional lagging indicators. At the mo-
ment, when looking at the indicators of all companies in Table 13 as a whole, the number
of leading and lagging indicators seems to be about the same. However, the literature
has identified that there could be relatively more leading indicators than lagging indica-

tors in the companies’ safety measurement systems.

It could be seen from Table 13 in the previous subsection that there are multiple key
factors affecting safety performance which are currently not measured in the case or-
ganizations. Instead, the current indicators seem to measure only few of the identified

key factors. In order to target development work more precisely, it would be meaningful
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to have indicators that focus more closely on measuring the various specific factors that
contribute to the development of safety performance. The next sub-chapter seeks to
solve the challenge identified here by presenting a comprehensive list of proactive indi-

cators associated with different factors contributing to safety.

6.2.3 Linking proactive measures in the academic literature to
the map

This sub-chapter continues to answer the second research question by presenting the
indicators identified in the literature and linking them to the factors of the safety perfor-
mance map. The idea is to offer companies new measures for measuring safety perfor-
mance in particular from a proactive point of view. Another purpose is to fill in the gaps
identified in measuring the different factors contributing to the formation of safety perfor-
mance. Thus, in contrast to the table presenting the existing indicators for companies,

all the safety performance factors identified are presented in this list.

Many of the articles reviewed presented indicators suitable for a specific industry, but
more universally valid indicators have been sought to be presented in the listing here. It
should also be noted that the number of indicators proposed in the covered literature
was vast, and the listing only contains examples of those. The indicators were selected
from the literature so that there would be indicators linked to each of the factors and no
factor would be excessively emphasized. In the literature review on indicators in sub-
chapter 4.5. Safety performance indicators in the literature, a considerable number of
literature sources are covered. However, quite a few of the sources studied presented
indicators suitable for measuring the factors on safety performance map. For this reason,
many of the measures presented are from the same sources. The possible indicators

are presented grouped under the main perspectives of the safety performance map.

Table 14 first proposes the discovered indicators in relation to OHS management and
leadership. There are multiple indicators presented in the literature to be associated with
the factors under these two perspectives. Especially the factors of resource allocation,
monitoring and communication are broadly discussed in the literature and several
measures are proposed for evaluating them. The factors identified to belong under the
management and leadership perspectives are discussed in fairly similar terms in the lit-
erature, most of the terms are not very ambiguous and the factors are commonly identi-
fied as part of the management system. Therefore, the classification of indicators is quite

straightforward at this point.

The list of indicators contains both quantitative and qualitative measures. Reiman and

Pietikdinen (2010) presents qualitative indicators. Such indicators’ results are usually
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presented as ‘yes’ or ‘no’ responses or evaluated using a Likert scale. Reiman and Pie-
tikéinen (2010) however states that presented indicators does not necessarily serve as
actual measures, but rather guides the attention to relevant factors. Considering this, the
implementation of the indicators, might mean that the organization would be to develop
for example a survey to evaluate the extent to which these indicators are met. The indi-
cators from other researches listed are evaluated quantitatively, as a frequency or a per-
centual figure.

Table 14. Examples of indicators presented in the literature with relation to the factors
of OHS management and leadership.

Factor Indicator

OHS management

Number of measurable OSH improvement goals established in the enterprise
(Podgorski 2015)

Objectives aligned gty goals are defined both for short and long term (Reiman and Pietikinen 2010)

with strategy
Safety goals are relevant for the organization (Reiman and Pietikdinen 2010)

There is an action program for reaching the safety goals (Reiman and Pietikainen
2010)

Costs assigned to HSE for preventing accidents (per each worker per year, and with
respect to total expense) (Amir-Heidari et al. 2017)

Sufficient resource  The availability of sufficient workforce is ensured (Reiman and Pietikdinen 2010)
allocation

Action plan

Tools and instruments are appropriate and up to date (Reiman and Pietikdinen 2010)

Human performance issues such as fatigue and communication are taken into ac-
count in work schedule planning (Reiman and Pietikainen 2010)

Percentage of completion of activities related to risk assessment and control in the
planned times (Amir-Heidari et al. 2017)

Number of leading vs. lagging performance indicators monitored to measure OSH
management performance (Podgorski 2015)

% of definitions of leading and lagging performance indicators subject to periodical
review and update (Podgorski 2015)

Performance Positive feedback is given on safety conscious behavior of the personnel (Reiman
discussion and Pietikainen 2010)

The no. of rewards given to workers for OHS hazard reports (Mohammadfam et al.
2017)

The no. of rewards for participating in OHS activities (Mohammadfam et al. 2017)

Monitoring

Rewarding and
sanctions
The no. of OHS violations, & no. of sanctions (Mohammadfam et al. 2017)

OHS leadership
How often management walks on the floor (OHS best practices 2015)

Management's Percent of jobsite toolbox meetings attended by jobsite supervisors/managers (Hinze
examp|e et al. 2013)
Percent of jobsite pre-task planning meetings attended by job-site supervisors/man-
agers (Hinze et al. 2013)
Management is actively committed to, and visibly involved in, safety activities
(Reiman and Pietikdinen 2010)
Rating of the effectiveness of OSH communication via workforce survey (Podgorski
2015)

Communication How often safety is discussed at meetings (OHS best practices 2015)

How many different avenues the organization uses to communicate OHS messaging
(OHS best practices 2015)
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There are both formal and informal communication channels for raising safety con-

cerns in the organization — up to the highest level if necessary (Reiman and Pie-

tikdinen 2010)

The bottlenecks of information flow have been identified and controlled (Reiman and

Pietikainen 2010)

Information flow in change of shifts situations is assured (Reiman and Pietikainen

2010)

Reporting of deviations, worries and own mistakes is encouraged by the manage-

ment (Reiman and Pietikdinen 2010)

The personnel are informed about the overall safety level and current challenges on
Transparency a regular basis (Reiman and Pietikdinen 2010)

The extent to which the decision making in the organization utilizes all the necessary

competence and is transparent in its content and progress (Reiman and Pietikainen

2010)
Developing aware- % of workers declaring good knowledge of OSH policy of the enterprise (Podgorski
ness and 2015)
knowledge
Variety of views and opinions are encouraged, and decisions are based on expertise
not formal position (Reiman and Pietikdinen 2010)
Empowerment

The know-how of the “shop-floor” personnel is utilized in creating and revising of rules
and instructions (Reiman and Pietikdinen 2010)

The most descriptive factor of the structure perspective is Clear roles and responsibili-
ties. As the factors Line organization responsible and H&S organization supporting line
are considered as components of the factor Clear roles and responsibilities, the indica-
tors found on these three categories are merged. There were no indicators found in the
literature covered to fit in the theme of Practical structures. For the purposes of the safety
performance map Practical structures is described to mean OHS structures that are suit-
able for a company’s specific needs depending on industry, size, and stage of develop-

ment. Also, for this reason, the universally applicable measures are difficult to develop.

Processes include factors that are more widely acknowledge to be a crucial part of safety
management system, such as risk assessment, training, and supplier management. Risk
assessments are considered themselves as leading indicators, but also the effectiveness

and use of them can be measured.

Culture revealed difficult to be measured as also was assumed in advance. The chal-
lenge might be its abstractness and intangibility of the factors identified to describe cul-
ture. Also, in many researches studying culture, the components of safety culture were
partially the same than the factors linked to OHS management and leadership or Pro-
cesses in safety performance map. For example, communication and training were seen
to be sub-components of culture (Gordon et al. 2007; Reiman and Pietikdinen 2010;
Tappin et al. 2015). However, the difference in interpretations can be explained, as also
according to the description of the safety performance map, the main levels are intercon-
nected and management is seen as influencing culture and also culture and processes

are linked, forming a safety climate. This observation could denote that the level of cul-
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ture could also be indicated by indicators belonging to other categories. A little surpris-

ingly, although the role of commitment is emphasized widely in the safety management

literature, not many indicators were found for measuring the commitment. Examples of

indicators relevant for measuring the different factors of structure, processes and culture

are shown in Table 15.

Table 15. Examples of indicators presented in the literature with relation to the factors of

structure, processes and culture.

Factor

Indicator

Structure

Clear roles and re-
sponsibilities

(Line organization
responsible)

(H&S organization)
supporting line

Practical structures

Processes

Internal rules

Risk assessment

Induction and train-
ing

Reporting

Percentage of work posts with defined OSH responsibilities and duties (Podgorski
2015)

% of workers declaring awareness of their duties and responsibilities with regard to
OSH MS (Podgorski 2015)

The clarity of the organizational structure including the extent to which roles and re-
sponsibilities have been clearly and unambiguously described (Reiman and Pie-
tikdinen 2010)

No indicators found.

Number of OSH policy reviews and updates carried out by top management (Podgor-
ski 2015)

% of workstations with risk assessment documented and risk control measures
planned to be implemented (Podgorski 2015)

% of risk assessment processes completed and documented (in relation to estab-
lished plans) (Podgorski 2015)

% of workstations with risk levels assessed as medium to high (requiring planning of
risk control measures) (Podgorski 2015)

The no. of risk assessments carried out in units (Mohammadfam et al. 2017)

Number or percent of management personnel and field employees with 10-h (or 30-
h) OSHA certification cards (Hinze et al. 2013).
Percentage of workers participating in OSH refresher courses (Podgorski 2015)

% of right answers per persons from tests to evaluate the effectiveness of OSH train-
ing (Podgorski 2015)

Feedback is gathered from the trainees and it is utilized in developing the training
program (Reiman and Pietikdinen 2010)

Percentage of OSH training courses reviewed and improved for their quality and ef-
fectiveness (Podgorski 2015)

What per cent of the workforce has OHS training beyond basic legislated compliance
(OHS best practices 2015)

Competence is maintained for both new and old technology (Reiman and Pietikainen
2010)

Simulators and simulated operations are utilized in training (Reiman and Pietikainen
2010)

Operating events (own plant as well as outside) are utilized as training material
(Reiman and Pietikdinen 2010)

There is regular training on emergencies on-site (Reiman and Pietikdinen 2010)

There is a comprehensive system for reporting incidents and other learning experi-
ences such as near misses (Reiman and Pietikdinen 2010)
The no. of units that have an OHS reporting system (Mohammadfam et al. 2017)

The no. of OHS performance reports from units (Mohammadfam et al. 2017)



Information sys-
tems

Documentation

Development

Supplier manage-
ment

Culture

Safety as a core
business value

Fairness

Commitment

Safety as a part of
everyday work

Safety in thinking

71

There is a system for documenting history data on equipment and their maintenance
actions (Reiman and Pietikdinen 2010)

The no. of units in which OHS report & record-keeping systems exist (Mohammad-
fam et al. 2017)

Assessment of technological solutions, available on market, for increasing efficiency
of safety system (Janackovic et al. 2020)

History data is used in analysis of reliability and maintenance needs of the equipment
(Reiman and Pietikdinen 2010)

The quality of documentation and procedures (Reiman and Pietikdinen 2010)

There is a procedure to ensure that key safety issues are addressed in the design
and engineering phase of the plant and its components (Reiman and Pietikdinen
2010)

There is a procedure to maintain and update the plant design basis documentation
(Reiman and Pietikdinen 2010)

Number of analyses of impact on OSH carried out with regard to changes in OSH
regulations, technologies and knowledge (Podgérski 2015)

Number of contractors assessed for their compliance with OSH management re-
quirements (Podgorski 2015)

Number or percent of subcontractors selected, in part, on the basis of satisfying
specific safety criterion prior to being awarded the subcontract (Hinze et al. 2013)

Requirement that each subcontractor submit a site-specific safety program that must
be approved prior to the performance of any work by that subcontractor (Hinze et al.
2013)

Contractors have possibilities for expressing safety worries and providing safety pro-
posals on issues they notice (Reiman and Pietikinen 2010)

Vendor exit debrief: Percent of exit interviews that include identified hazards, unsafe
behaviors or incidents (Hallowell et al. 2013).

Vendor safety audits: The percentage of vendors in compliance with site policies and
procedures (Hallowell et al. 2013).

Safety is a clearly recognized value at the organization (Reiman and Pietikainen
2010)

Superior provides fair treatment of subordinates, understanding that errors are natu-
ral, but not all violations can be tolerated (Reiman and Pietikdinen 2010)
Management is actively committed to, and visibly involved in, safety activities
(Reiman and Pietikdinen 2010)

Owners show commitment to safety activities (Reiman and Pietikainen 2010)

The percentage of pretask plans prepared for work tasks (Hallowell et al. 2013)

Attitude Survey, questionnaire (In Swuste et al. 2016 (Eindhoven TU in the Nether-
lands))

Although Reiman and Pietikainen (2010) studied particularly the indicators of safety cul-

ture, many of the indicators presented in their paper can be associated with the factors

identified under the heading individual behavior in the safety performance map. How-

ever, because the factors identified under the individual behavior heading are quite close

to each other and concepts such as self-management and caring are quite abstract, it is

challenging to identify measures that are unambiguously suitable for measuring the fac-

tor. Table 16 presents examples of indicators presented in the literature with relation to

the factors of individual behavior.



72

Table 16. Examples of indicators presented in the literature with relation to the factors
of individual behavior.

Factor Indicator

Individual behavior

The extent to which the personnel understands the hazards that are connected to
their work (Reiman and Pietikainen 2010)
The extent to which the personnel understand the safety significance of their own
tasks (Reiman and Pietikainen 2010)
Whether hazard assessments are actually being completed and workers are involved
in the in the process (OHS best practices 2015)
Percent of safety compliance on jobsite safety audits (inspections) (Hinze et al.
2013).
The extent to which the personnel have a willingness to spend personal effort on
safety issues and take responsibility for their actions. (Reiman and Pietikdinen 2010)
Self-management  The extent to which the personnel have a sense of personal ownership for an equip-
ment, an area of plant or the entire operations of the plant. (Reiman and Pietikainen
2010)
The extent to which the personnel have basic knowledge of human performance is-
Understanding sues (Reiman and Pietikdinen 2012)
safety reasoning The extent to which the defense-in-depth principle is understood among the person-
nel (Reiman and Pietikdinen 2012)
There is a system for ensuring that time pressure does not compromise quality in
safety-critical tasks (Reiman and Pietikainen 2010)
The extent to which the personnel prioritize safety over production in conflict situa-
tions or under time pressure (Reiman and Pietikdinen 2010)
Personnel participate in setting safety goals (Reiman and Pietikdinen 2010)

Safety awareness

Compliance

Deciding to act
safe in pressure
and haste

Number of suggestions for safety improvements (Swuste et al. 2016)
Participating Rating of effectiveness of workers’ participation in OSH management via workforce
survey (Podgorski 2015)
The no. of accident investigations carried out with worker participation (Mohammad-
fam et al. 2017)
The extent to which the personnel at all levels exhibit a questioning attitude (Reiman
and Pietikdinen 2010).
The extent to which the personnel remain humble toward their knowledge of the haz-
ards and their competence (Reiman and Pietikdinen 2010).

Caring

When safety is discussed as an end result, the level of safety is often measured using
lagging indicators. Also, because the purpose of the map and the indicator listing is to
study the factors and subject around the theme of safety, the subject of safety itself is
excluded from here. Although the relationship between safety performance and other
organizational benefits has been studied quite extensively (e.g., Fernandez-Mufiiz et al.
2009; Veltri et al. 2007), studies seldom suggest measures for evaluating safety-related
benefits. Koper et al. (2009) studied the employee health-related issues and their relation
to business benefits such as quality, productivity, cost reduction, and absenteeism, and
proposed indicators for measuring those. Otherwise, indicators for these categories can
possibly be found at a more general level in the literature on performance measurement
and management accounting, but the challenge may be to measure the extent to which
safety has contributed to performance improvements and what is due to other factors.
Table 17 describes the measures linked to the other organizational effects of successful

safety activities.
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Table 17. Examples of indicators presented in the literature with relation to the factors
of organizational performance.

Factor Indicator

Performance

Defective product rate: negative deviation from estimated defect product rate (i.e.,
high figure stands for low defect rates and therefore high quality) (Koper et al. 2009)

Quality
Rework: absolute figures per cost centre (Kdper et al. 2009)
Productivity figure: negative deviation from target productivity (i.e., a low figure
stands for high productivity) (Koper et al. 2009)

Productivity Asset efficiency: negative deviation from target (i.e., a low figure stands for high
productivity) (Kdper et al. 2009)

Reputation Degree of satisfaction on a 5-point Likert scale (Fernandez-Mufiiz et al. 2009)

Superior monitors the personnel’s coping skills, stress and fatigue
levels as well as technical skills (Reiman and Pietikdinen 2010)
Absolute figured per cost centre (Koper et al. 2009)

Social sustainability

Cost management
Analysis of costs of occupational injuries (Janackovic et al. 2020)

Stakeholder Degree of customer satisfaction on a 5-point Likert scale (Fernandez-Muiiz et al.
satisfaction 2009)

As already noted in the categorization of the indicators used by companies, many of the
indicators are such that they may be suitable for more than one factor in the safety per-
formance map. For example, the indicator “Personnel participates in setting safety goals”
from Reiman and Pietikdinen (2010) that is now linked to the factor Participating under
the perspective of Individual behavior could also be linked, for example, to the factor
Objectives aligned with strategy. This fact emphasizes the fundamental nature of the
formation of the safety performance and, at the same time, the safety performance map:
ultimately, the connections are rather complicated, and most of the factors are related

somehow.

6.3 Validation of the model usefulness: Evaluation of the use-
fulness of the map and the proposed indicators in a food
industry case company

The safety performance map was used at the food industry company to study the cover-
age of current performance measures. By first linking the measures used in the whole
company at the group level to the main perspectives of the map, it was found that most
of the indicators could be linked with the right edge of the map. The connected perspec-

tives and the indicators were the following:
- Culture and Individual behavior: Risk observations

- Processes: Risk assessment, rehabilitation work
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- Organizational performance: Incidents, accidents, injuries, frequencies, severity,

lost days, lost time, and worked hours.

Thus, based on the analysis, it appears that the company has very few indicators to
measure culture, behavior, or processes, and no indicators at all to measure factors re-
lated to management or structure. Linked to the individual factors on the safety perfor-
mance map, risk observations are related to compliance, rehabilitation work to internal
rules, incidents, accidents, injuries, frequencies, and severity to safety and lost days, lost
time as well as worked hours to productivity. The focus of the measurement is currently
at the measurement of LTI and in Vision Zero targets. Consequently, the safety perfor-
mance measurement at the food industry company seems to be more focused on meas-
uring the performance outcomes with lagging indicators than measuring proactively the
factors contributing to the development of a safe working environment. A representative
from the food industry company commented it was eye opening to notice that the
OHS management and leadership perspective, which they consider to be the most es-

sential aspect, is not measured at all.

Most of the indicators used at the company are reactive measures. In fact, risk observa-
tions, as well as risk assessments seem to be the only leading measures currently. The
finding did not come as a surprise for the company, but they acknowledged the need to
emphasize proactive actions and develop new leading indicators to manage better the

process that contributes to safety.

The safety performance map was also used to provoke discussion on how the company
sees the factors on the map from the measurement perspective. The aim was to identify
factors about which it is particularly important to obtain information. The discussion with
the food industry company revealed that the company would like to develop the meas-
urement of commitment and particularly managers' commitment to safety. Another cen-
tral theme mentioned for measurement development is monitoring and tracking the ac-
tion to ensure that actions and procedures are implemented. The company had noticed
that the problem sometimes is that many actions are implemented, but they do not have
the expected effects. Thus, the company would be willing to measure the efficiency or
implementation rate of an action and find out how much time the implementation takes.
Because the company's units are located in several different countries, the comparability
of results is essential for allowing benchmarking between the units. The need to develop
the measurement of culture also emerged, but as previously stated, the topic is mainly
sidelined in this study, since as a part of the SafePotential project, there will be research

focusing on this topic specifically.
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After the gaps in the safety measurement were identified based on the usage of the
safety performance map and the company interview, examples of the indicators gathered
from the literature and other case organizations were presented to the company to eval-
uate which of the proactive measures the food industry company could test or apply to
their needs. The exercise revealed that in reality, the company actually utilizes many of
the activities related to presented indicators, but it seems that the company does not
consider the activities as indicators, at least not clearly safety-related indicators, or does
not measure them systematically. Another explanation for this might also be that as the
company's organization has recently been reformed, not all indicators are yet in place at
the group level. For example, it was stated at the interview that some of their sites already
measures the completion of actions, while other sites do not have yet the systems for
follow-up. Also, for example, safety walks were already utilized in the organization, but

again not on the group level.

Generally, at the company the presented measures focusing on quantity, for example
the amount of communication events, were considered as poor measures. According to
the interviews the focus should be more on measuring quality of the actions. In connec-
tion with this purpose, the indicators presented by Reiman and Pietikainen (2010), for
example, were also found to be of interest at the company. The workshop also awakened
the company to generate ideas for new indicators. Ideas for possible new indicators in-
cluded i.e. the number of downloads on the intranet to indicate successful communica-

tion and the number of online trainings conducted.

The validation showed that the map can be used to identify factors that are not currently
measured. The food industry company's aim is to harmonize the different practices of
the different units, and the map could perhaps also be used as a tool in this work. The
map could possibly be used to identify the differentiating safety activities and measure-
ment practices. It seems evident that the map is suitable to be used to evaluate perfor-
mance measurement status, support the implementation of safety strategies and as a
tool for communication. Although the company did not directly find the right indicators for
their needs in the examples of indicators presented, such a listing can be considered to
have provided the company with ideas and incentives to develop more suitable indicators

for their specific needs.
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7.DISCUSSION

The safety performance map described in this research was constructed as a depiction
of the factors supporting the achievement of the desired level of safety. In occupational
health and safety management literature, the focus has typically been on describing
shorter relations or individual factors of smaller entities, rather than describing the whole
chain in a detailed level. Wu et al. (2008) examined the relation between safety leader-
ship, safety climate and safety performance and Tappura et al. (2015) have described
leadership’s impact on organizational performance. More detailed level factors, compo-
nents or activities and their association to suitable indicators have been studied, for ex-
ample, by Reiman and Pietikainen (2010), Podgérski (2015) and Mohammadfam et al.
(2017). However, these studies did not focus on describing the entire network of issues
related to occupational safety. Thus, this study adds to the literature of safety perfor-
mance by comprehensively describing the factors and sub-units affecting OHS perfor-
mance. Furthermore, to the existing studies, the map adds value by outlining the rela-
tionship between the factors and the safety maturity of the company, although the rela-

tionships were not exhaustively verified, and the topic should thus be further investigated.

Many of the findings related to the safety performance map are widely supported in the
literature. This was particularly the case for OHS management and leadership, as well
as for organizational performance factors. Képer et al. (2009) identified improvements in
quality, productivity and cost management to be organizational impacts of successful
safety management. Similarly, for example, Veltri et al. (2007) found that safety benefits
include quality and productivity, but they also hypothesized that the potential benefits
might also include stakeholder satisfaction and reputation, which were also identified in
this study. In contrast, social sustainability was not mentioned in the previous literature

as a safety benefit.

Considering the OHS management and leadership the factors, such as communication,
rewarding, resource allocation, role modeling and empowerment are related to OHS per-
formance in several studies (e.g. Vredenburgh 2002; Mearns et al. 2003; Grabowski et
al. 2007; Fernandez-Mupiz et al. 2009; Hale et al. 2010; Lingard et al. 2011). Instead, for
example, transparency would seem to have emerged on the map as a new perspective
compared to previous studies. However, the map also seems to lack factors that have
previously been identified as important parts of safety management. For example, ac-
countability has been identified in the literature as an integral part of the OHS manage-

ment process (Sheehan et al. 2016). Also, the experts panel brought up accountability
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as a missing factor while evaluating the first version of the map. However, as the factor
was not more widely under discussion, it was left out. It needs to be considered whether
some other factor on the map encompasses the concept of accountability, i.e. whether

managers do what is agreed, or whether it is entirely missing from the description.

It is noteworthy that although management commitment has generally been highlighted
in the literature as one of the most relevant factors influencing OHS performance (Lin
and Mills 2001), management commitment has not been pointed out as a separate factor
in this model. Instead, commitment has been seen to be reflected in other factors under
the perspectives of OHS management and leadership. However, this is not a completely
different view from the literature, either. Similarly, to the interpretation of this research,
according to the literature, the managers' commitment can reflect, for example, the allo-
cation of resources to safety activities (Fernandez-Mupiz et al. 2009) and behaving as a
role model (Lingard et al. 2011, Zohar 2010). Furthermore, in this thesis, the commitment
has been seen as an essential part of the culture. This, as well as the choice of words
individual behavior instead of the term employee behavior, emphasize the commitment

of all members of the organization to safety, rather than only leaders'.

The safety performance map aims to offer a generalizable model for observing the for-
mation of safety performance. Also, the indicators are such that they are thought to be
more widely applicable despite the industry of the organization. Although on a more gen-
eral level, clearly industry-specific characteristics were not found, when the organizations
proceed to a more detailed level in the development of performance measurement sys-
tem with the help of the findings of this research, also the company-specific features,
such as the industry, the size of the company, the specific features of the organizational
structure, the geographical location, and the stage of development of the company
should be considered as proposed by Podgoérski (2015). For example, it seems that strict
regulations in the construction sector define the indicators fairly precisely, and the level
of maturity of an organization's safety affects what kind of indicators a company should

choose.

The map is a concise description, which also lacks some factors, perspectives and de-
tails that came up in the workshops. Although the map goes deeper than many models
previously found in the literature, the factors have not been described at a very detailed
level. All the above is about standardization, which is also a relevant challenge for defin-
ing the indicators, primarily the leading indicators. The challenge with the leading indica-
tors is that they are often qualitative, and thus not measured by numbers. In this case,
the measurement is not based on a standardized formula, but the evaluations are gen-

erally subjective and lengthy (Reiman and Pietikdinen 2012). Therefore, although the



78

study has proposed only leading indicators as new indicators and they are of interest to
companies, for practical reasons, the measurement system should also include lagging
indicators, since most of the lagging indicators are standardized (Lingard et al. 2011).
The standardized results are to be reported, for example, to an insurance company. The
results of the lagging indicators also allow comparison between companies, which is
essential for managing occupational health and safety. It should be pointed out that the
proposed indicators are interrelated, and even though they have been associated with

certain factors, in practice, many of the indicators are likely to affect more than one factor.
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8. CONCLUSIONS

8.1 Main findings

The objective of this research was to determine the factors that influence a company's
safety performance, gain understanding of the relationships between these identified
factors and find indicators for measuring each of them. To achieve the objectives this
thesis aimed at answering the two main research questions constructed in the beginning
of the research. Next, the research questions and the answers to them are presented

condensed.
RQ1. What are the key factors affecting safety performance?

The first research question was answered in chapters 3.4 Synthesis: Framework for OHS
management and organizational performance and 6.1 What are the key factors affecting
safety performance? To answer the first question, this research has presented a frame-
work — the safety performance map — which illustrates the factors influencing a compa-
ny's safety performance. The complete map is described in the sub-chapter 6.1.4 The

final version of the safety performance map.

The framework was based on theories presented in the literature and then supplemented
through a series of workshops involving companies from different industries. Based on
existing literature, the chain contributing from safety activities to generate the desired
level of safety and other organizational performance was deemed to consist of eight per-
spectives: OHS management & leadership, culture, processes, structure, safety climate,
individual behavior, OHS performance, and organizational performance. This developed
framework combines the viewpoints of the organizational triangle (Guldenmund 2010),
the framework of leadership's impact on organizational performance (Tappura et al.
2015), the framework of leader's characteristics and behavior to employees' job attitudes
and behavior (Yukl 2010), and the framework on the relationship between safety leader-
ship, safety climate and safety performance (Wu et al. 2008). In the final version of the
map, OHS performance is merged into organizational performance, as suggested by
Fernandez-Muiiz et al. (2009).

Each of the perspectives, in turn, consists of a different amount of more detailed factors.
Some of the factors are interrelated and the mutual order of the different factors in the
chain can, in some part, be linked to the maturity of the OHS performance. The evalua-

tion of the usefulness of the map demonstrated the validity and practical utility of the
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framework as a tool for reveal the coverage of the current measurement of companies
in relation to the representation of performance factors on the map. Based on the evalu-

ation the map also works as a mean for OHS communication.
RQ2. How can the factors affecting safety performance be measured?

The second research question was discussed in chapter 6.2 How can the factors affect-
ing safety performance be measured? In subsection 6.2.1 Current safety measures in
the case companies, first, the existing safety performance measures used in the four
case companies surveyed and the measures used in the companies involved in the test-
ing of the map were examined. When the indicators were combined with the factors of
the map, it was noticed that companies tend to use a lot of traditional lagging indicators,
which focus mainly on measuring the result, i.e., the level of safety. In contrast, compa-
nies had little access to leading qualitative indicators to examine the upstream of the
chain and “softer” factors and topics contributing to safety, such as management success
or culture. Also, the indirect effects of safety on organizational performance were hardly

measured.

In subsection 6.2.3 Linking proactive measures in the academic literature, the knowledge
of suitable measures for measuring the different factors was supplemented with the pro-
active measures identified from the literature. It was found that there are proactive indi-
cators for measuring most of the factors influencing the formation of safety. Many of
these measures are qualitative in nature and precise definitions of indicators are quite

seldom published.

8.2 Reliability and validity

The same requirements set for sound performance measurement, the most important of
which are reliability and validity, are also used to evaluate the credibility of the research.
Saunders et al. (2019, pp. 815) define reliability as follows: the extent to which the data
collection method produces consistent results, the extent to which different researchers
would make similar observations or conclusions, and the extent to which data are inter-
preted transparently. The validity, in turn, refers to examining what is meant to be exam-
ined. According to Saunders et al. (2019, pp. 820), validity can be examined from two
perspectives: how accurately the chosen method measures what was intended to be

measured and do the research findings relate to what they claim to be about.

The study's strength was the diverse set of case companies representing a wide range
of different industries. The advantage of a multiple case study is that multiple cases in-

crease external validity and reduce possible observer bias (Voss et al. 2002). Efforts



81

have also been made to prevent errors caused by the researcher by the fact that several
researchers have been involved in conducting the research and facilitating the work-

shops.

A rich qualitative material was collected from the workshops. In the workshops, research-
ers had the opportunity to receive immediate feedback to develop the framework further.
The created structure of theme interviews allowed the interviewers to take care that all
the themes were reviewed. On the other hand, as the interviews were only semi-struc-
tured, the interviewees had an opportunity to bring up viewpoints outside the structured

frames.

The challenge in the reliability of the study is the interpretation of the collected qualitative
data. The challenge is that data sets collected from workshops and interviews are often
large, and their content is complex (Saunders et al. 2019, p. 653). Also, the interpretation
is always somewhat subjective. Thematic analysis of qualitative data involves coding of
data that cannot be considered unproblematic. Coding involves challenging decisions
about how delimited in detail the category or code should be. When a combined category
that bundles as many answers as possible is chosen, as has been done in this study,

one must make interpretations about whether something belongs to a category.

To improve the reliability of the data analysis, a participant review was conducted: the
interpretations that emerged from the results of the analysis were reviewed by discussing
the first versions of the created map with the workshop participants. This ensured that
the material collected corresponded to the views of the interviewees. The interviewees'
views can also be subjective and influenced by the interviewee's backgrounds and inter-
ests. There were several participants in the workshops, among whom a shared vision
was formed, and thus the subjective view of individuals could be reduced. The results of
the study were found to be, to some extent, parallel to the findings of the previous aca-

demic research, which can be considered to increase the reliability of the study.

The credibility of the study is further enhanced by testing the created map in three new
companies from different fields, as well as by a group of experts who participated in some
workshops, reflecting the findings on known safety management theory and previous
research. Thus, generalizability has been created not only by generalizing observations
to similar industrial environments but also relative to theory by broadening and confirming

previous findings.

The study's limitation is that the validation of the results focused mainly on the first re-
search question, i.e., testing the safety performance map. Instead, testing of the pre-

sented indicators received less attention in the study. Although the indicators' usefulness
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was considered in one case company, the indicator list was not yet complete at this stage
but contained only examples of possible indicators. The results of the evaluation were
also not very clear or significant. Thus, the suitability of the indicators for measuring the
linked factors nor the functionality of the indicators in general was not confirmed in the
study. It may be that the more detailed design and definition of leading indicators needs
to be done for company-specific needs, and thus this topic requires more in-depth case

studies that focus solely on this aspect.

8.3 Practical implications

This research aimed to create a general framework for safety management. The devel-
oped framework serves as a good basis for a manager intending to identify the essential
factors contributing to safety performance and shed light on what factors a company

could measure to realize the potential of the measurement data.

The study involved companies from several industrial and construction sectors, and
therefore the results can be deemed applicable in different industries. Even if the per-
spectives and factors affecting safety performance are esteemed to be close to identical
in different industrial sectors, the relative importance of these factors may differ. The
themes may also be specified according to some interesting or topical perspectives of

each company or industry.

The safety performance map should not be considered an exhaustive description of fac-
tors contributing to OHS performance, but as a helpful tool in identifying the factors that
are relevant. The safety performance map is proposed to be used for evaluation of the
status of performance measurement, forming the hierarchy in information systems and
reports, supporting the implementation of safety strategies, and highlighting the link be-
tween safety investments and performance impacts. The visual description can also be

used as a means of OHS communication.

The indicators presented in the thesis are not intended to form a comprehensive listing
of what kind of measures companies should have at their measurement system, but the
purpose of the listing is to offer ideas on how the different proactive factors affecting
safety could be measured with leading indicators. It clearly seems that in companies, the
“soft” subjective and qualitative measurement is lacking, although it is needed to com-
prehensively understand safety management. From an extensive list of indicators, it may
also be possible to select measures that take into account the specifies of a particular
organizational unit. The proposed indicators can be used, for example, as a one-off study

to find out the status of a single factor in a company.
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The suitability of the proposed measures for measuring a specific factor was not tested
in the research. The indicators should be evaluated concerning criteria, such as validity,
reliability, relevance, and practicality of the measure. The testing and implementation
would first require defining the precise name of the indicator, the desired level of perfor-
mance, and the time required to achieve the level, the measurement frequency, and the

exact formula of how the measurement result is calculated (Neely et al. 1997).

The new information provided by the indicators can be used in the companies for multiple
purposes. for example, for the purposes of trend monitoring, reporting strategy imple-
mentation, forecasting, supporting rewarding system, directing employees, supporting
decision-making or benchmarking either internally against the own organization’s results
from different units or externally to companies in the same sector. It is likely that the
perspectives on the safety performance map may differ from each other in terms of pur-
pose of use. Presumably the indicators on the right side of the map are more related to
reporting and comparison, and on the left are those that help identify areas for improve-

ment and guide personnel.

8.4 Possibilities for further research

This study had some limitations that serve possibilities for further research. Further re-
search is needed to validate the connections between proposed indicators and the fac-
tors on the safety performance map. It could be examined more extensively, which are
the key factors affecting safety performance currently not measured in companies. Also,
the causal relations proposed on the safety performance need further research and

closer examination to ensure the relationships.

The implementation and usage of measures, which both are vital phases of the perfor-
mance measurement systems development, are out of the scope of this research and
thus excluded. The proposed indicators should be further developed to be described by
a calculating formula. Also, the usefulness or practicality of the proposed indicators has
not been assessed on a more detailed level than the discussion with the food industry
company. Therefore, in the future, the usefulness of the proposed measures and their
suitability for measuring addressed factors needs to be studied in more detail at a prac-

tical level.

This study applies two-dimension information visualization to present safety manage-
ment information in the form of a safety performance map. The benefits of visualization

in management have already been identified, but as a research area, it is still relatively
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new and small (Eppler and Bresciani 2013; Al-Kassab et al. 2014). In visualization, how-
ever, the possibilities seem to be almost limitless. It would be interesting to deepen the
understanding of visualization and produce practical applications to support safety man-
agement in the future. For example, combining visualization and information technology

could be explored.

The theme of safety culture did not receive significant attention in this study, although
the theme was identified to be a core area of corporate interest. Measuring culture was
perceived as challenging in the participating companies, and even in this study, it was
not possible to comprehensively provide indicators for measuring culture. However,
based on the comparison of the literature and the empirical findings of this research, it
seems that culture or possibly safety climate, as illustrated in the safety performance
map, is a concept that overlaps the presented perspectives on safety. Considering that,
it needs to be studied whether measuring other factors, such as communication or train-

ing, could indicate the success or maturity of safety culture in an organization.
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APPENDIX A: INTERVIEW STRUCTURE 1

Creation of the safety performance map, group interviews with the case companies,

summer and autumn 2019.

e Examination of the overall framework
¢ Open discussion on the perspectives of the framework:

o How do these perspectives occur in your workplace/company? What sub-

dimensions do you identify?

o What is the role of these perspectives in the safety performance of your

workplace/company?

¢ Detailed examination individual perspectives supported by more detailed defini-

tions:

o Do you identify still some other relevant aspects for safety performance

in your workplace/company?

e Prioritization of the identified building blocks of safety performance (max 3-5

points per one perspective):
o Discussion on the links between the prioritized aspects
e Linking your existing safety performance measures to the created map:

o ldentification of possible development needs in measurement
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APPENDIX B: INTERVIEW STRUCTURE 2

Testing the safety performance map, group interviews with the case companies’ repre-

sentatives and the experts’ panel, winter 2020
Questions for the companies’ representatives:

¢ Do you recognize the factors presented in the map in your organization?
e Do you identify any missing elements?
o Are the titles descriptive or is there a need for specifying them?

¢ What do you think about the represented causal relations on the map?
Questions for the expert’s panel:

¢ How industry-specific the presented model is? Is the map suitable for other in-
dustries than the ones involved in the creation process?

e How generalizable is the model? Possibly, what kind of context is missing from
these findings?

¢ |s the model in relation to theory? Does it correspond to theoretical concepts?
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APPENDIX C: INTERVIEW STRUCTURE 3

Validation of the map, interviews with the companies involved in the testing phase
of the map, spring 2020.

Opening questions:

management
& leadership

Identify the five (5) most important factors for safety, i.e. the building blocks of
safety performance at your company. These are the factors that need to be in
place in order to meet your safety requirements. (i.e. basic safety requirements)
Next, name five (5) safety-related issues that are currently the focus of attention
or development in your company, or which you see becoming more important in
the future.

In what areas would you place the 10 factors you identified?

OHS
performance

Organisational
performance

COHs

Individual

behavior I

Detailed examination of the map section by section:

Do you recognize the themes presented in the map in your organization? De-
scribe with examples how these factors occur in your workplace or company.
Are some themes more conventional - ones that have been on the agenda for a
long time?

Are there themes that are topical or interesting in the future?

Do you find something less important or relevant to you?

Do you identify any missing elements? Elements, that are not in the map, but
should be there.

Are the titles descriptive or is there a need for specifying them?



What do you think about the represented causal relations on the map?

Is there something else you would like to add?
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APPENDIX D: SAFETY PERFORMANCE
INDICATORS IN THE LITERATURE
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No. of
Reference Method and Objective Results indica- Lead Lag
context
tors
Képeretal. Empirical. A Conceptualize a The Balanced Scorecard 6 X
2009 case study ata method by which is a suitable means to
German auto- qualitative fac- control OSH issues. Em-
mobile manu- tors contribute to ployee health-related is-
facturer. a company’s sues are interconnected
performance. with performance factors.
Hale et al. Empirical. A Describe the in- Interventions bringing 12 X X
2010 case study in terventions dis- constructive dialogue,
29 companies. tinguishing suc- providing motivation to
cessful and un- line managers and
successful pro- strengthening the moni-
jects. toring  distinguish  the
most the successful and
less successful projects.
Reiman Safety-critical Provide an over- Proposes the use of 235 X X
and Pie- organizations, view on leading safety culture as a leading
tikainen emphasis on safety indicators safety performance indi-
2010 the nuclear in- in the domain of cator and offers an exam-
dustry. nuclear safety. ple list of potential safety
indicators in three indica-
tor categories.
Reiman Review. Describe the A theoretical framework 77 X X
and Pie- purposes, types for choosing indicators.
tikéinen and the role of Indicators divided into
2012 safety indicators outcome (lag), monitor
in evaluatingand (lead) and drive (lead) in-
improving organ- dicators. Emphasis the
izations' safe importance of leading in-
functioning. dicators.
Hallowellet Empirical. A Define lead indi- Presents 13 leading indi- 13 X
al. 2013 mixed-meth- cators; describe cators and an action plan
ods research resources, and

approach in
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Hinze et al.

2013

Bergh et al.

2014

OHS best
practices
2015

Podgérski
2015

Sinelnikov
etal. 2015

the construc-

tion sector.

Empirical
study of safety
management
practices in the
construction

sector.

Empirical
study in a Nor-
wegian oil and

gas company.

Review. A user
guide from
Government of
Alberta, Jobs,
Skills, Training
and  Labour.

Canada.

Review. The
indicators are
listed on the
basis of a liter-
ature and au-
thor's  experi-

ence.

Empirical. A
multi-industry

survey.

management ac-
tions needed if
an indicator
does not meet
the desired

value.

Offer  sugges-
tions on the se-
lection and use
of effective lead-

ing indicators.

Develop an HSE
indicator for psy-

chosocial risk.

Provide an over-
view of what
leading indica-
tors are, and
how and why
they might be

applied.

Demonstrate the
application of a
method for prior-
itization and se-
lection of leading

indicators.

Describe OHS
experts’ under-
standing of lead
indicators;  ex-
plore practices in
processing the
data from indica-

tors; and identify

for responding when com-
pany tolerance levels are

not met.

Leading indicators cate-
gorized into active and
passive measures. Each
selected measure should
reflect the performance of
different entities, e.g. the

workers, or supervisors.

A new proactive indicator

for psychosocial risk.

Guidance for choosing,
implementing and using a

leading indicator.

The paper presents a
concept of making use of
operationally focused
minimum set of key per-
formance indicators as-
signed to individual OSH

MS components.

Does not recommend the
indicators itself. Findings
suggest several important
characteristics (e.g. ac-
tionability) that describe
effective leading indica-
tors and describe modifia-

ble factors (e.g., commit-

13

12

109
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Sheehan et
al. 2016

Swuste et
al. 2016

Amir-Hei-
dari et al.
2014, as
cited in
Amir-Hei-
dari et al.
2017

Givehchi et
al. 2017

Koivupalo
and
Reiman
2017

Empirical. A
national multi-
industry survey
conducted in

Australia.

Review. Pro-
cess safety re-
lated.

Empirical. Re-
view and a
case study in
three  drilling

companies.

Empirical. Nor-
dic  Occupa-
tional  Safety
Climate Ques-
tionnaire
(NOSACQ-
50) conducted

in Iran.

Empirical. A
case study in a
global steel

company.

barriers and en-
ablers for lead

indicators.

Consider the as-
sociation be-
tween leading
and lagging indi-
cators and in-
vestigate the ef-
fect of safety
leadership  on

this association.

Investigate pro-
cess safety indi-
cators in the sci-
entific and pro-
fessional litera-

ture.

Review and
classify KPIs
based on time,
scope and type.
Analyze data of
KPIs in the case

companies.

Evaluate the as-
sociation of lead
indicators for
safety  inspec-
tions and non-
compliances,

with safety cli-

mate levels.

Describe  local
OHS measure-
ment practices
and the con-

cepts of leading

ment ) that may be corre-
lated with such character-

istics.

The results confirm an as-
sociation between leading
and lagging indicators
and the moderating im-
pact of middle manage-
ment safety leadership on
this dual relationship. The
findings encourage em-
phasizing leading indica-

tors.

The definitions for pro-
cess safety indicators
vary in the literature.
Questions the distinction
between lead and lag in-
dicators and the quantifi-

cation of indicators.

22 KPIs identified for the
drilling sector in Iran. A
new  framework  for
HSE performance meas-

urement.

Findings suggest that
safety non-compliances
detected as a result of
conducting safety inspec-
tions could be used to
monitor the safety climate

state.

There are differences in
terminology within differ-

ent organizations. A need

23

50

22

1"
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Lingard et
al. 2017

Moham-
madfam et
al. 2017

Janackovic
et al. 2020

Zwetsloot
et al. 2020

Empirical.
Temporal anal-
ysis on an in-
frastructure
construction
project in Aus-

tralia.

Empirical. A
comparison in
three certified
and three non-
certified com-
panies in Iran
representing

design and
construction of
power, oil, and

gas facilities.

Empirical. A
case study in
the electricity
distribution
company in
Serbia.

Empirical. 5
ISSA sections
involved in:

electricity, in-
formation  for
prevention,
mining,
transport and

trade.

and lagging indi-

cators.

Uncover  time
dependent rela-
tionships and ex-
plore causal re-
lationships  be-

tween indicators.

Develop appro-
priate criteria
and indicators
for OHSMSs;
and compare
OHSMSs perfor-
mance criteria in
different organi-

zations.

Determine  the
significance  of
certain occupa-
tional safety indi-
cators, and to

rank them.

Describe the de-
velopment pro-
cess of proactive
leading indica-
tors for safety,
health and well-
being (SHW) at

work.

for standard index that al-
lows benchmarking was
identified.

Leading indicators can
behave as both lead and
lag indicators in relation to
the TRIFR. There is a cy-
clical relationship be-
tween safety manage-
ment actions and the rate

of safety incidents.

A set of criteria and re-
lated indicators devel-
oped for five OHS activi-
ties. Findings indicate that
the performance of certi-
fied companies with re-
spect to OHS manage-
ment practices is signifi-
cantly better than that of

noncertified companies.

Presents occupational
safety indicators, and a
method for the selecting
and ranking of indicators
based on expert assess-
ment and group fuzzy an-

alytic hierarchy process.

14 indicators that serve as
both qualitative and quan-
titive measures devel-
oped to complement the
ISSA Vision Zero strat-
egy, two in relation to
each 7 golden rules for

promoting SHW.

15

43

48

14

X

X)*

*Some indicators may serve as both leading and lagging indicators.



