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Abstract 
 

Safety is a major concern in the oil and gas industry due to accidents with the potential for catastrophic 

consequences. One of these was the Piper Alpha drilling platform disaster in 1988, which resulted in the 

loss of the Piper Alpha platform and the subsequently 167 lives; the worst disaster in the oil and gas 

industry. To foster a proactive approach in the prevention of workplace injuries, organisations have turned 

towards key predictors of safety, such as leadership.  

 

However, simply practising leadership behaviours is not enough to improve safety, especially in safety-

critical organisations. An inability to move beyond the formal control inherent in traditional bureaucratic 

mindsets limits the applicability of mainstream leadership theories for safety-critical organisations. To 

address this challenge, this research study adopts a different paradigm for leadership, one which frames 

leadership as a complex interactive dynamic from which adaptive outcomes emerge as complexity science.  

  

Hence, the aim of this research study was to investigate the direct relationship between leadership 

behaviours and safety outcomes, and the mediating effect of complexity science principles. To accomplish 

this, a conceptual model was developed using theoretical foundation built from the literature review. The 

model comprises three main components: 1) leadership behaviours, 2) five complexity science principles 

(connectivity, interdependence, feedback, exploration-of-the-space-of-possibilities and co-evolution) and 

3) three safety outcomes (safety participation, safety compliance and safety climate). These components 

were linked by the proposed hypotheses that were established based on assumed theoretical relationships.  

 

To assess and validate the conceptual model and test the hypotheses, a series of quantitative approaches 

were employed. A multivariate statistical approach was utilised for data collection through a questionnaire 

survey; 173 project managers participated in the survey. These individuals are responsible for emergency 

commands, as well as the day-to-day management of safety. Principal component analysis/Exploratory 

factor analysis was performed to identify the factor structures representing each underlying construct. 

Confirmatory factor analysis was conducted to validate the results obtained from the exploratory factor 

analysis, followed by multiple regression analysis. Next, structural equation modelling was applied to test 

the structural models for hypotheses testing.  

 

The regression analyses demonstrated that all three identified leadership behaviours — 1) empowering & 

engaging, 2) modelling & reinforcing, and 3) promoting & enabling — directly influenced the level of 
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safety participation and safety compliance. Additionally, all five principles of complexity science mediated 

the relationship between empowering & engaging leadership behaviour, and safety participation and safety 

compliance. As for the hypothesised relationship between modelling & reinforcing leadership behaviour 

and safety outcomes, apart from the co-evolution principle, all other complexity science principles 

arbitrated the relationship with safety participation and safety compliance. Furthermore, the relationships 

between promoting & enabling leadership behaviour, and safety participation and safety compliance were 

mediated by all five principles of complexity science. 

 

Finally, structural equation modelling was used to refine and confirm the findings of the regression analysis, 

verifying both empowering & engaging, and promoting & enabling leadership behaviours have direct and 

indirect influences on safety participation and safety compliance levels as a result of all five complexity 

science principles. And established that modelling & reinforcing leadership behaviour has direct and 

indirect effects on safety participation and safety compliance levels under the influence of only four 

complexity science principles — namely, connectivity, interdependence, feedback and exploration-of-the-

space-of-possibilities.  

 

On the basis of the research results, this study provides insight into the understanding of safety leadership 

by the empirical evidence that displayed the relationships between the three leadership behaviour constructs 

and their contribution to the effect of complexity science principles and safety outcomes within the oil and 

gas industry. From these results, the study provides a list of recommendations for research on the effect of 

leadership behaviours on complexity science principles and safety outcomes. 
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Chapter 1: Introduction 

 

This introductory chapter starts with a general overview of the oil and gas industry in Section 1.1. 

Section 1.2 presents a background on safety within the oil and gas industry, while Section 1.3 

highlights the rationale behind the study. The research aim and objectives are presented in Section 

1.4 and a summary of the chapter in Section 1.5. 

 

1.1 The Oil and Gas Industry 

The oil and gas industry is one of the main sources of energy internationally, and the most 

profitable industry for many countries and multinational companies. The international 

consumption of oil and other petroleum liquids was estimated at 179 quadrillion British thermal 

units (Btu) in 2010 and is projected to exceed 197 quadrillion Btu by 2020 (U.S. EIA 2014). This 

important demand is met by the increased production of oil, gas, and other derivatives. In 2011, 

the total world production of petroleum and other liquids was 87.8 million barrels per day and will 

increase to 97.6 million barrels per day in 2020, as projected in the 2014 International Energy 

Outlook (U.S. EIA 2014).  

  

However, the production of oil and gas involves many complex, costly, and hazardous activities 

that require well-founded decision-making before investment in the sector. Activities in this 

industry can be grouped under four different categories: exploration, oil extraction, refinement, 

and the transportation and marketing of oil and its derivatives (Schneider et al. 2011).  

 

In the exploration stage, companies try to locate regions with formations of hydrocarbons deposits 

that are promising for production and investment. To do so, they use different tools and methods 

such as geological, geochemical, geophysical, and survey methods. Recent advancements in 

technology — like three-dimensional (3D) and four-dimensional (4D) seismic imaging — has 

helped increase the accuracy of locating and estimating the volume of onshore and offshore 

hydrocarbon deposits. The evaluation of promising deposits is completed after drilling exploratory 

wells, and thus data can be obtained, such as the properties and extent of the deposits, and the 

characteristics of the formations (Hilyard 2012).  
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The oil extraction phase begins when the exploration results indicate the existence of deposits and 

predict that economic profits could be found. To get crude oil to the surface, oil wells are drilled 

from the beginning until well completion. Usually, the crude oil produced from multiple wells is 

collected and sent through pipelines to production sites for separation and processing (U.S. EPA 

2000).  

 

The refining stage of crude oil consists of many operations such as distillation, conversion, 

treatment, formulation and blending, and other product recovery and waste treatment (U.S. OSHA 

1999). At the end of refining, different products can be derived from the crude oil, which are 

grouped into three main categories: fuels (e.g. gasoline, liquefied petroleum gas and kerosene), 

finished non-fuel products (e.g. solvents, lubricating oils and greases), and chemical industry 

feedstock (e.g. naphtha, ethane and propane) (Schneider et al. 2011). These products are 

transported and commercialised to end-users like industrials or fuel stations, which concludes the 

last stage of petroleum production activities.  

 

The aforementioned activities pose significant hazards to the environment, employee’ and 

community health and safety, and the safety of the facilities themselves. The accidents that have 

occurred in the sector over the last decades were caused by the nature and quantities of chemicals 

and products used and the complexity of the processes, along with poor control over risks like 

chemicals, pressure, and mechanical hazards. Therefore, they resulted in tremendous human and 

material losses as well as environmental damage.  

 

1.2 Research Background – Safety in the Oil and Gas Industry 

Accidents in the workplace can occur for numerous reasons including leadership failures, a poor 

safety culture, a lack of safety monitoring, inadequate management oversight, faulty equipment, 

resistance to change, conflicting priorities, and inappropriate safety behaviour, for example 

(McBride & Collinson 2011). These reasons are magnified in the oil and gas industry due to hostile 

environments, flammable fossil fuels, confined spaces, heights, and heavy equipment, which 

employees are exposed to or use frequently (Pinheiro et al. 2011; Robb & Miller 2012).  
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When accidents occur in the oil and gas industry, injuries and deaths are not restricted to the rig 

sites. Drivers in the oil and gas industry are also at a greater risk of vehicular accidents than 

workers of most other industries (Retzer et al. 2013), and workers in oil refineries are exposed to 

flammable and explosive conditions on a daily basis (Saleh et al. 2014).  

 

Corporate leaders often emphasise production over safety concerns (Kines et al. 2010; Stride et al. 

2013). This type of pressure or perceived pressure is prevalent in the oil and gas industry because 

any delay in drilling can lead to a tremendous loss of revenue (Pinheiro et al. 2011).  

 

Following the catastrophic Piper Alpha disaster in the North Sea on July 6, 1988, safety in the oil 

and gas industry became a subject of great importance for governments and professional 

organisations. Many countries promulgated regulations to enhance the safety of processes and 

industrial plants. For example, the European Union twice amended the so-called Seveso I Directive 

(adopted for the first time in 1976, several months after a catastrophic accident in a chemical plant 

in Seveso, Italy) in 1987 and 1988 to include in its scope the facilities that store dangerous 

substances (European Commission 2015).  

 

The Piper Alpha Drilling Platform, Scotland, July 1988 

The year 2018 marked the 30th anniversary of the Piper Alpha disaster in the North Sea, which is 

referred to as the worst disaster in the history of the oil and gas industry; in terms of loss of life. 

On the 6th of July 1988, a natural gas condensate leak resulted in explosions and fires that engulfed 

the Piper Alpha platform and claimed the lives of 167 people. The Piper Alpha tragedy and 

subsequent investigations led by Lord Cullen practically reshaped the oil and gas industry.  

 

After the accident, the UK government initiated a judicial public inquiry into the Piper Alpha 

disaster, which was led by the Scottish Judge Lord Cullen. The inquiry lasted 2 years and revealed 

many problems in the safety management system and deficiencies in the design of the platform. 

The exhaustive inquiry report presented 106 total recommendations intended to prevent the 

repetition of such a disaster in the oil and gas industry (Cullen 1990).  
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The central recommendation of Lord Cullen’s report was related to the inadequacy of safety 

legislation leading to the 1992 introduction of the Offshore Installation Regulations (Safety Case). 

This Safety Case requires the operator or duty holder to demonstrate that the specific hazards and 

subsequent risks associated with the new facilities have been recognised, and appropriate measures 

have been taken to minimise the risks to personnel on the facility to the ALARP (As Low As 

Reasonable Practical) level. The Safety Case regime is often viewed as essentially a risk-based 

goal-setting system.  

 

The Piper Alpha tragedy and the subsequent Cullen enquiry resulted in a change in the UK safety 

legislation. In 1992, the UK government introduced the offshore regulations (Safety Case), which 

were later updated in 2005 and 2015. The Safety Case regime was soon adopted by other countries 

in the North Sea, such as the Netherlands, Denmark and Norway. The Safety Case concept was 

also adopted by some countries and oil companies in other parts of the world (Duddu 2014).  

 

In addition to the Piper Alpha accident, other major accidents in the oil and gas industries had 

significant impact on the development of safety regulations across the world. Some of the key 

accidents with the most influence on safety legislations are outlined below: 

 

• Seveso, Seveso, Italy, July 1976 

This accident occurred in a chemical plant near small town of Seveso, 15 miles north of 

Milan, Italy. A runaway reaction caused a toxic chemical known as TCDD 

(tetrachlorodibenzo-p-dioxin) to release into the atmosphere. Although there were no 

fatalities, several hundred people suffered injuries and approximately 2000 needed to be 

treated for dioxin poisoning (Pat-El, et al. 2014). Approximately 17 km2 of land were 

contaminated of which 4 km2 became uninhabitable. By 1978 over 80,000 animals were 

slaughtered to protect the food chain.  

 

The Seveso accident alerted the European regulators to the risks associated with onshore 

chemical plants. In a similar way, the Piper Alpha accident highlighted the risks associated 

with oil and gas installations from a regulator’s perspective (Pat-El, et al. 2014).  
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In 1982, the European Union issued the first regulation for the control of onshore major 

hazard sites; Directive 82/501/EC, known as ‘Seveso Directive’.  

• Bohai 2 Oil Rig Disaster, China, November 1979 

The Bohai 2 oil rig disaster — occurring in the Gulf of Bohai off the coast of China in 

November 1979 — is the sixth most fatal offshore oil rig disaster. It caused the death of 72 

of 76 people on board as the Bohai 2 jack-up rig capsized and toppled into the sea water 

(Duddu 2014).  

 

The accident was caused by a storm which arose while the rig was being towed. Fierce 

winds broke the ventilator pump of the platform causing a puncture in the deck and 

resulting in extensive flooding.  

 

The loss of stability due to flooding coupled with severe weather conditions eventually led 

the jack-up to capsize. The accompanying tow boat could not rescue the crew members, 

and it is also believed that the crew lacked proper training on emergency evacuation 

procedures and the use of lifesaving equipment.  

 

Post-disaster investigations reported a failure to correctly stow the deck equipment prior to 

towing. It was also reported that standard tow procedures were not followed given the bad 

weather conditions. The sunken jack-up rig was eventually salvaged with explosives by the 

Yantai Salvage Company in April 1981 (Duddu 2014).  

 

• Alexander L. Kielland, North Sea Norway, March 1980 

The Alexander L. Kielland was a semi-submersible platform accommodating the workers 

of the bridge-linked Edda oil rig in the Ekofisk field, about 235 miles east of Dundee, 

Scotland, in the Norwegian continental shelf. The platform, operated by Phillips Petroleum, 

capsized in March 1980, killing 123 people (Duddu 2014).  
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Only 89 of 212 workers survived the accident and most died by drowning as the platform 

flipped upside down in deep waters. It capsized after the failure of the bracing attached to 

one leg of the five-legged platform structure, after strong winds created waves of up to 

12m high on the day of the accident.  

 

Once the first bracing broke, all the bracings attached to the leg failed in succession. The 

platform lost one of its five legs and the entire structure tilted 30 degrees. Five of the six 

anchor cables snapped but the platform was stabilised for some time by the remaining 

single cable, which ultimately snapped as well (Duddu 2014). The official investigation 

concluded that the root cause of the accident was an undetected fatigue crack in the weld 

of an instrument connection on the bracing. 

 

• Enchova Central Platform Disaster, Brazil, August 1984 & April 1988 

The Enchova Central Platform disaster in the Campos Basin near Rio de Janeiro, Brazil, 

killed 42 people in August 1984. The accident occurred due to a blowout which then caused 

a fire and explosion at the central platform of the Enchova field operated by Petrobras 

(Duddu 2014).  

 

Most of the workers were evacuated from the platform by lifeboats and helicopter; 

however, 42 workers lost their lives during the evacuation process. A malfunctioning of 

the lowering mechanism of a lifeboat caused the death of 36, while six died as they jumped 

from the platform into the sea. The lifeboat remained vertically suspended because of the 

failure of the bow hook and eventually fell 20m to the sea as its supporting cables snapped.  

 

Another disaster struck the Enchova platform on 24 April 1988 as one of its 21 wells blew 

out and eventually ignited. The well suffered this blow-out while undergoing a work-over 

to convert it from oil to gas production. The fire caused by the blowout on the platform led 

to massive damage topside; however, all the workers were safely evacuated to the nearby 

floating accommodation ship without a single casualty.  
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The platform remained on fire for a month and Petrobras eventually drilled two relief wells 

to control the blowout. The platform was declared a total loss and replaced by a new facility 

that commenced production nearly 18 months after the accident (Duddu 2014).  

 

• Seacrest Drillship Disaster, South China Sea, Thailand, November 1989  

The Seacrest Drillship disaster in the South China Sea 430km south of Bangkok, Thailand 

— killed 91 crew members on the 3rd of November 1989. The 4,400t drillship was 

anchored for drilling at the Platong gas field owned and operated by Unocal. The drillship 

was capsized by Typhoon Gay which produced 40ft high waves on the day of the accident 

(Duddu 2014).  

 

The Seacrest drillship, also known as The Scan Queen, had been operational in the Gulf of 

Thailand since 1981 as a drill ship for Unocal. The drillship was reported missing on 4 

November 1989 and only found floating upside-down by a search helicopter the next day. 

The capsize was believed to have occurred so quickly that there was no distress signal and 

no time for the crew members to respond to the disaster.  

 

Just 6 of the 97 crew members on board were rescued by fishing boats and the Thai Navy. 

Apart from the severe weather conditions the seaworthiness of the drillship was questioned 

as a likely cause for the tragedy.  

 

The ship also had 12,500ft of drill-pipe in its derrick, which was believed to have resulted 

in an unstable high centre of gravity (Duddu 2014).  

 

• Esso Longford Gas Plant, Australia, September 1998  

When the Esso Longford gas plant exploded on 25 September 1998, supply to the state of 

Victoria in Australia was interrupted for about three weeks, as it was the main supplier of 

natural gas to the state. Investigations into the accident revealed that a shell and tube heat 

exchanger ruptured, thereby releasing hydrocarbon vapours and liquids. This was followed 

by explosions and fire, resulting in two fatalities and eight injuries (Elliot 2001). 
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The investigations into the accident revealed that the immediate cause was the brittle metal 

failure of the heat exchanger. Like the Piper Alpha accident, the report revealed many other 

failures including poor operator training, management failure and poor plant design.  

 

In Australia, the state is responsible for regulating and enforcing work health and safety 

laws in their jurisdiction. Subsequently, two years after the Longford accident in June 2000, 

Victoria enacted the Occupational Health and Safety Regulations for Major Hazard 

Facilities (MHF) Regulations (Cooke 2003). 

 

• Texas City Oil Refinery, Usa, March 2005 

On March 23, 2005, an explosion rocked the BP Texas City refinery, killing 15 people and 

injuring 180 after the blowdown drum of the isomerisation unit overflowed (loss of 

containment of hydrocarbons), and a heat source ignited the ensuing vapours, resulting in 

an explosion and subsequent pool fire (Saleh et al. 2014). The company incurred direct and 

indirect financial losses on the order of billions of dollars for victims’ compensation as 

well as significant property damage and loss of production. 

 

• Deepwater Horizon Drillings Platform, Macondo, Usa, April 2010 

Deepwater Horizon was a semi-submersible drilling platform operating in the Gulf of 

Mexico. Gas release from the well to the platform caused an explosion and fire. The 

platform was destroyed and sank; 11 workers lost their life. The accident caused the largest 

offshore spill in the history of the oil industry with an estimated 4.9 million barrels of oil 

released into the Gulf of Mexico. The oil spill was widespread and covered an area between 

6500 and 176100 km2 and the long-term impact on the ecosystem is still unclear (Pat-EI, 

et al. 2014).  

 

A year after the Macondo accident, the US government established the Bureau of Safety 

and Environmental Enforcement (BSEE). As noted on the BSEE web site, it is the lead 

federal agency charged with improving safety and ensuring the environmental protection 
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of oil and gas operations, on the U.S. Outer Continental Shelf (OCS). All Operators are 

required to implement a Safety and Environment Management System (SEMS). In addition 

to developments in the management and training of offshore operations and drilling (with 

emphasis on deep water), the Macondo accident led to a new European Directive, a further 

development of the Safety Case Regulations Directive 2013/30/EU (Pat-EI, et al. 2014).  

1.3 Rationale 

The oil and gas industry experience an inordinate number of accidents as a result of the hostile 

work environments, flammable fuels, production pressures, heavy equipment, confined spaces, 

and heights that employees frequent encounter. Thus, safety is a major concern in the oil and gas 

industry, as accidents have the potential for catastrophic consequences. Organisations where safety 

is extremely critical (i.e., safety-critical organisations - high exposure to risk and likelihood of an 

accident) pose particular challenges for leaders. Thus, such organisations call for specific 

leadership behaviours, which may differ from those most effective in less safety-critical 

organisations (Ojuola et al., 2019). As the complexity of work increases, the significance of most 

implicit features of the organisational culture as a means of coordinating the work and achieving 

safety and effectiveness of the activities also increases (Weick 1995; Reiman & Oedewald 2007). 

The role of leaders is becoming more challenging, as they are now expected to manage their 

responsibilities in environments characterised by globalisation, changing technologies, 

diminishing resources, and increased costs (Chase, 2000; Murphy, 2002). The safety literature has 

demonstrated a clear positive link between leadership and safety outcomes (e.g. Kelloway et al., 

2006; Zohar, 2002). Empirical findings in safety research have shown that leadership constitutes 

the strongest factor affecting organisational performance. Many of these studies focus on well-

known leadership approaches, namely leader-member exchange (LMX) (Dansereau et al., 1995; 

Graen and Cashman, 1975) and transformational leadership (Bass, 1990), and they have been 

applied to several industrial sectors, such as manufacturing, metal processing, construction or food 

service (e.g., Barling et al., 2002; Clarke and Ward, 2006; Hofmann and Morgeson, 1999; Michael 

et al., 2006; Mullen and Kelloway, 2009; Simard and Marchand, 1994; Zohar, 2002). 
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Given the variety of reasons why accidents occur, leaders must understand how to improve safety 

practices (de Koster, et al. 2011). Prior studies have shown that certain types of leadership 

behaviour have positive effects on safety (Clarke, 2013; Dahl & Olsen, 2013). Researchers and 

practitioners alike need to discover the antecedents to a safe work environment and test the specific 

leadership behaviours that appear to have the greatest effect on these antecedents, with the goal of 

ultimately improving overall safety.  

 

Oil and gas companies, academia and professional societies are actively investigating the various 

aspects of human factors and process safety. As an example, the Society of Petroleum Engineers 

(SPE) published a technical report on process safety and human factors (Committee, 2014); 

leadership and culture topped on the list of factors identified. 

 

The research scope for the current study is on the relationship between leadership behaviours, 

complexity science and safety outcomes in the context of the oil and gas industry. It explores the 

impact that the leadership behaviours can have on safety outcomes. It also investigates the 

relationships of the three main components: 1) leadership behaviours, 2) five complexity science 

principles (connectivity, interdependence, feedback, exploration-of-the-space-of-possibilities and 

co-evolution) and 3) three safety outcomes (safety participation, safety compliance and safety 

climate). 

 

1.4 Research Aim and Objectives 

This research study was conducted to explore safety leadership behaviours for safety-critical 

organisations. The aim of the study was to empirically test the direct relationship between 

leadership behaviours and safety outcomes, as well as the mediating effect of complexity science 

principles in the oil and gas industry. To achieve this, the following research objectives were 

developed: 

• To empirically examine the relationship between the constructs explaining the 

targeted safety conceptual model, namely — leadership behaviours (LBs), 

complexity science and safety outcomes (SOs). 
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• To develop an empirically tested safety leadership conceptual model that can be 

used to represent the relationship between LBs and SOs for safety-critical 

organisations (SCOs), in the context of the principles of complexity science. 

 

Figure1.1 shows a conceptual model that captures the constructs of this study. 

 

 

Leadership Behaviours  

 

  

Safety Outcomes  

  

 

 

 

 

  

Principles of Complexity 

Science 

 

  

 

Figure 1. 1: Hypothesised conceptual model relating leadership behaviours, principles of complexity science, 

and safety outcomes. 

 

1.5 Chapter Summary 

This chapter has outlined the introduction and background for this study, clarified its rationale, 

and determined its purpose. The following chapter presents a review of literature discussion on 

LBs, the principles of complexity science and SOs. Chapter 3 provides the methodology of this 

research, including the instruments used for collecting data. Chapter 4 demonstrates a descriptive 

analysis of the data collected in this study. Chapter 5 then discusses measurement scale analysis 

to assess the constructs of the proposed conceptual model. Chapters 6 and 7 detail the process for 

testing the proposed conceptual model. Finally, the finding results are discussed in Chapter 8, and 

the conclusions of this study are presented in Chapter 9. 
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Chapter 2: Literature Review 
 

The objective of this chapter is to comprehensively review the literature on SCOs, LBs, SOs and 

complexity science, which are the subjects of this thesis. This review clarifies issues that are not 

adequately discussed by previous studies, to provides the background for this research study. This 

chapter is presented in five sections. Section 2.1 provides a two-dimensional discussion of the 

SCOs. First, it presents the background for SCOs. Second, it highlights the factors that make up a 

SCO. The purpose of Section 2.2 is to determine the LBs that allow leaders to be more effective 

when practising safety leadership. Leadership is discussed in three dimensions. First, leadership 

history and leadership roles are highlighted to provide a general leadership definition determine 

the difference between leadership roles and other similar concepts. Second, this section defines the 

different types of LBs and recognises the safety LBs that are currently practised. Third, it illustrates 

and identifies a broad view of LBs. Section 2.3 justifies the selection of LBs by adopting 

complexity science. First, the background of and approaches to complexity science are highlighted 

to better understand the concept and show its applicability. The five dimensions of complexity 

science are then discussed. This section then discusses the broad concept and how it could be used 

as a definition of leadership. Section 2.4 provides a two-dimensional discussion of the safety 

outcomes. First, it presents the background for safety outcomes, then, the important use of safety 

behaviour to measure SOs is discussed. Finally, a summary of this chapter is presented in Section 

2.5. 

2.1 Safety-Critical Organisations 

A safety-critical organisation (SCO) is defined as any organisation that must handle or control 

hazards that can cause significant harm to the environment, public or personnel (Reiman & 

Oedewald 2006). The control of risk and management of safety is one of their primary goals. They 

are expected to function reliably and anticipate operational risks caused by either technology or 

the organisational structures and practices. The ability of the organisation to monitor its current 

state, anticipate possible deviations, react to expected or unexpected perturbations, and learn from 

weak signals and past incidents is critical for success (Hollnagel et al. 2007; Weick & Sutcliffe 

2011).  
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A considerable body of literature concerning the assessment of organisational performance exists, 

but it lacks an explicit safety focus. Some examples of these methodologies are the Competing 

Values Framework (Cameron & Quinn 2011), Job Diagnostic Survey (Fried & Ferris 1987), 

SWOT analysis (Turner 2002) and Balanced Scorecard (Kaplan & Norton, 1996). These methods 

may provide important information on the vulnerabilities of the organisation if analysed correctly 

and within the safety management framework. Furthermore, many methods and approaches have 

been used for organisational safety assessments (Reiman et al. 2008); are based on ad hoc 

approaches to specific problems or otherwise lack a theoretical framework on organisation and 

safety. Some approaches, such as safety culture assessments (Guldenmund 2000) or the high 

reliability organisations approach (Weick & Sutcliffe 2001), have extended to a wide range of 

frameworks and methods.  

 

2.2 Leadership Behaviours 

Leadership is one of social science’s most examined phenomena (Antonakis & Day 2018). The 

scrutiny afforded to leadership is not surprising, given that it is a universal activity evident in 

humankind and in animal species (Bass, 2008). Reference to leadership is apparent throughout 

classical Western and Eastern writings with a widespread belief that leadership is vital for effective 

organisational and societal functioning. Nonetheless, leadership is often easy to identify in 

practice, but it is difficult to define precisely. Given the complex nature of leadership, a specific 

and widely accepted definition of leadership does not exist and might never be found. Fred Fiedler 

(1971), for example, noted that there are almost as many definitions of leadership as there are 

leadership theories. Even in this absence of universal agreement, a broad definition of leadership 

is required before introducing the construct as a domain of scholarly inquiry.  

 

As a result of the tens of thousands of articles and books written on the subject over the years, 

leadership has no single definition. One of the stumbling blocks of leadership research has been a 

lingering vagueness about the definition of leadership itself (Bass 1990; Wright 1996 & 

Northhouse 2018). Leadership does not exist in a vacuum; the relationship between leader and 

group members is critical. Many would argue that the meaning of leadership is dependent upon 

factors related to the leader, team members, and a variety of forces in the environment.  
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For most people, the term ‘leadership’ has a positive connotation (Schyns & Schilling 2011). Many 

different theories and analyses of leadership have been developed due to the interest in leadership 

as a practice and research topic. Attempts have also been made to better understand leadership by 

integrating these different theories into one comprehensive framework. Thousands of empirical 

investigations on leaders have been conducted in the last 75 years alone, but no clear, unequivocal 

understanding exists as to what distinguishes leaders from non-leaders (Bennis & Nanus 1985). 

 

To many, leaders are not born, but made. It is increasingly accepted, however, that in order to be 

a good leader, one must have the experience, knowledge, commitment, patience, and most 

importantly skill to negotiate and work with others to achieve goals (Amanchukwu et al. 2015). 

Good leaders are thus made, not born. Good leadership is developed through a never-ending 

process of self-study, education, training, and the accumulation of relevant experience (Bass & 

Bass 2009). Jenkins (2013) stated that the basis of good leadership is strong character and selfless 

devotion to an organisation. From the perspective of employees, leadership is comprised of 

everything a leader does that affects the achievement of objectives and the well-being of the 

employees and organisation. Trustworthiness is often key to positions of leadership as trust is 

fundamental to all manner of organised human groups, whether in education, business, the 

military, religion, government, or international organisations (Lamb & McKee 2004; Ivancevich, 

Konopaske & Matteson 2007).  

 

Leadership involves a type of responsibility aimed at achieving particular goals by applying the 

available resources (human and material) and ensuring a cohesive and coherent organisation in the 

process (Ololube 2013). Northouse (2018) and Rowe & Guerrero (2012) described leadership as 

a process whereby an individual influence a group of individuals to achieve a common goal.  

 

Antonakis & Day (2018) highlighted that most leadership scholars would likely agree, at least in 

principle, that leadership can be defined in terms of (a) an influencing process—and its resultant 

outcomes—that occurs between a leader and followers and (b) how this influencing process is 

explained by the leader’s dispositional characteristics and behaviours, follower perceptions and 

attributions of the leader, and the context in which the influencing process occurs. This is a 
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multifaceted definition that is heavily “leader centric” in describing mainly one-way effects 

associated with the personal characteristics of a leader; however, it also includes aspects of the 

interaction between leader and follower (in terms of perceptions and attributions) as well as a 

definition of leadership as an effect with regard to the resulting outcomes (e.g., goal achievement). 

Leadership is rooted in a context, which may affect the type of leadership that emerges and whether 

it will be effective (Liden & Antonakis, 2009). A broad definition of leadership thus incorporates 

the most commonly used definitional features: the leader as person (dispositional characteristics), 

leader behaviour, the effects of a leader, the interaction process between a leader and follower(s), 

and the importance of context (Bass, 2008).  

 

In setting forth any definition of leadership, it is also important to differentiate it conceptually from 

power and management, respectively, because these concepts are often confused with leadership 

(Antonakis & Day 2018). Power refers to the means leaders have to potentially influence others. 

Examples include referent power (i.e., followers’ identification with the leader), expertise, the 

ability to reward or punish performance, and the formal power that is accorded legitimately based 

on one’s role (Etzioni, 1964; French & Raven, 1968). Thus, the ability to lead others requires that 

one has power.  

 

Leadership behaviour is the traits and actions that make an individual effective as a leader. 

This behaviour is the process by which a person can guide, direct and influence the work of others 

to meet specific goals. These actions and strategies can be learned to increase the effectiveness of 

those around them (Derue et al., 2011). 

 

2.2.1 Theories of Leadership 

There are as many views of leadership as there are characteristic that distinguish leaders from non-

leaders. Most research today has shifted from traditional trait or personality-based theories to 

situation theory, which dictates that the situation wherein leadership is exercised is determined by 

the leadership skills and characteristics of the leader (Avolio et al. 2009); however, all these 

theories fall under one of the following three perspectives: leadership as a process or relationship, 

leadership as a combination of traits or personality characteristics, or leadership as certain 
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behaviours, or, as they are more commonly referred to, leadership skills. In the more dominant 

theories of leadership, there exists the notion that, at least to some degree, leadership is a process 

that involves influencing a group of people towards the realisation of goals (Wolinski 2010).  

 

Charry (2012), noting that scholarly interest in leadership increased significantly during the early 

part of the 20th century, identified eight major leadership theories. While the earlier of these 

focused on the qualities that distinguish leaders from followers, later theories looked at other 

variables including situational factors and skill levels. Although new theories are emerging all of 

the time, most can be classified as one of Charry’s eight major types:  

 

2.2.1.1  ‘Great Man’ Theory  

Great man theories assume that the capacity for leadership is inherent, that great leaders are born, 

not made. These theories often portray leaders as heroic, mythic and destined to rise to leadership 

when needed. The term ‘great man’ was used because, at the time, leadership was thought of 

primarily as a male quality, especially military leadership (Ololube 2013).  

 

2.2.1.2  Trait Theory  

Similar in some ways to great man theories, trait theories assume that people inherit certain 

qualities or traits that make them better suited to leadership. Trait theories often identify particular 

personality or behavioural characteristics that are shared by leaders. Many have begun to ask of 

this theory, however, if that particular traits are key features of leaders and leadership, how do we 

explain people who possess those qualities but are not leaders? Inconsistencies in the relationship 

between leadership traits and leadership effectiveness eventually led scholars to shift paradigms 

in search of new explanations for effective leadership (Charry, 2012).  

 

2.2.1.3  Contingency Theories  

Contingency theories of leadership focus on specific variables related to the environment that 

might determine the style of leadership best suited for a particular work situation. According to 

this theory, no single leadership style is appropriate in all situations. Success depends upon a 

several variables, including leadership style, the qualities of followers and situational features 
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(Charry 2012). A contingency factor is thus any condition in any relevant environment to be 

considered when designing an organisation or one of its elements (Naylor 1999). Contingency 

theory states that effective leadership depends on the degree of fit between a leader’s qualities and 

leadership style and the approach demanded by a specific situation (Lamb 2013).  

 

2.2.1.4  Situational Theory  

Situational theory proposes that leaders choose the best course of action based upon situational 

conditions or circumstances. Different styles of leadership may be more appropriate for different 

types of decision-making. For example, in a situation where the leader is expected to be the most 

knowledgeable and experienced member of a group, an authoritarian style of leadership might be 

most appropriate. In another instance where the group members are skilled experts and expect to 

be treated as such, a democratic style may be more effective (Charry, 2012).  

 

2.2.1.5  Behavioural Theory  

Behavioural theories of leadership are based on the belief that great leaders are made, not born. 

This leadership theory focuses on the actions of leaders not on intellectual qualities or internal 

states. According to the behavioural theory, people can learn to become leaders through training 

and observation. Naylor (1999) notes that interest in the behaviour of leaders has been stimulated 

by a systematic comparison of autocratic and democratic leadership styles. It has been observed 

that groups under these types of leadership perform differently:  

• Autocratically led groups will work well so long as the leader is present. Group members, 

however, tend to be unhappy with the leadership style and express hostility.  

• Democratically led groups do nearly as well as the autocratic group. Group members have 

more positive feelings, however, and no hostility. Most importantly, the efforts of group 

members continue even when the leader is absent.  

 

2.2.1.6  Participative Theory  

Participative leadership theories suggest that the ideal leadership style is one that considers the 

input of others. Participative leaders encourage participation and contributions from group 

members and help group members feel relevant and committed to the decision-making process. A 
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manager who uses participative leadership, rather than making all the decisions, seeks to involve 

other people, thus improving commitment and increasing collaboration, which leads to better 

quality decisions and a more successful business (Lamb 2013). 

 

2.2.1.7  Transactional/Management Theory  

Transactional theories, also known as management theories, focus on the role of supervision, 

organisation and group performance and the exchanges that take place between leaders and 

followers. These theories base leadership on a system of rewards and punishments (Charry 2012). 

In other words, a leader’s job is to create structures that clearly state what is expected of followers 

and the consequences (rewards and punishments) associated with meeting or not meeting 

expectations (Lamb 2013). When employees are successful, they are rewarded and when they fail, 

they are reprimanded or punished (Charry 2012). Managerial or transactional theory is often 

likened to the concept and practice of management and continues to be an extremely common 

component of many leadership models and organisational structures (Lamb 2013).  

 

2.2.1.8  Relationship/Transformational Theory  

Relationship theories, also known as transformational theories, focus on the connections formed 

between leaders and followers. In these theories, leadership is the process by which a person 

engages with others and can ‘create a connection’ that results in increased motivation and morality 

in both followers and leaders. Relationship theories are often compared to charismatic leadership 

theories, wherein leaders with certain qualities, such as confidence, extroversion, and clearly stated 

values, are seen as best able to motivate followers (Lamb 2013). Relationship or transformational 

leaders motivate and inspire people by helping group members see the importance and greater 

good of the task. These leaders are focused not only on the performance of group members, but 

also on each person fulfilling his or her potential. Leaders of this style often have high ethical and 

moral standards (Charry 2012).  

 

2.2.2 Leadership Styles  

The terminology ‘style’ is roughly equivalent to the leader’s behaviour. It is the way the leader 

influences their followers (Khan et al., 2015). There are many ways to lead and every leader has 
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his/her own style. Some of the more common styles include autocratic, bureaucratic, charismatic, 

democratic, laissez-faire, transactional and transformational. Other forms are the ethical, authentic 

and adaptive leadership styles (LSs). 

 

In the past several decades, management experts have undergone a revolution on how they define 

leadership and what their attitudes are towards it. They have gone from a very classical autocratic 

approach to a creative, participative approach. At some point, it was determined that not everything 

old was bad and not everything new was good. Rather, different styles were needed for different 

situations and each leader needed to know when to exhibit a particular approach (Khan et al., 

2015).  

 

2.2.3 Leadership Styles and their Key Characteristics 

An unabridged list of LSs is presented in Table 2.1, listing the characteristics of each style along 

with several references.  

 

Table 2. 1: List of leadership styles and their key characteristics (Adapted from Hassan et al., 2016) 

Leadership Styles Key Characteristics Key reference(s) 

1. Autocratic Punitive, less concerned for socio-emotional 

dimension of group, dominating, dictatorial, unilateral 

decision-making 

Foels et al. (2000); Van Vugt 

et al. (2008) 

2. Bureaucratic Follows rules vigorously, ensures that subordinates 

also follow procedures precisely  

Schaefer (2005); Santrock 

(2007) 

3. Charismatic  Strategic vision, unconventional behaviour, agents of 

exchange, sensitive to the needs of followers, risk 

oriented, extroverted 

Hunt (1999); Gregory, et al., 

(2004); De Hoogh et al. 

(2008) 

4. Democratic  Considerate, participative, concerned with 

maintaining relationships with others, group decision 

making 

Gastil (1994); Foels et al. 

(2000); Woods (2004) 

5. Laissez-faire  Lack of involvement, avoidance of responsibilities, 

resistance in discussing critical issues 

Bass (1997); Skogstad et al. 

(2007) 

6. Transactional  Leader follower exchanges, clarification of 

subordinate responsibilities, contingent rewards 

Bass at al. (2003); Van Vugt et 

al. (2008) 

7. Transformational  Vision, inspirational communication, intellectual 

stimulation, influence, empowerment, high 

performance expectations 

Bass (1997); Avolio et al. 

(1999); Jung and Avolio 

(2000) 

8. Ethical  Awareness for others, considerate, honest, altruistic, 

caring, principled, internal locus of control, proactive, 

Brown & Trevino (2006); 

Toor & Ofori (2009); 
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co-operative Walumbwa et al. (2011) 

9. Authentic  Morally courageous, pro-social behaviour, reliable, 

honest, social justice and equality, optimistic, self-

disciplined, self-expressive  

Avolio & Gardner (2005); 

Hannah et al. (2011) 

10. Adaptive  Influences change (changes behaviour in appropriate 

ways as the situation changes), taps into human 

potential to make positive change, sees organisations 

as living – not mechanical systems 

Bryman (1996); Lichtenstein 

et al. (2006)   

 

2.2.4 Safety Leadership  

In recent years, interest in safety leadership has increased as researchers have consistently found 

that leadership is an important antecedent of employees’ safety perceptions, attitudes and 

behaviours that drive SO (Barling et al., 2002; Conchie & Donald 2009; Kelloway et al., 2006). 

Safety leadership generally refers to a set of LBs that influence subordinates’ behaviours to attain 

particular safety goals. Specifically, safety leadership can affect subordinates’ behaviours for 

handling safety issues in both direct and indirect ways. The indirect ways could be the 

establishment of norms relating to safety practices and procedures, thus cultivating a particular 

safety culture. The direct ways could relate to their reinforcement of employees’ safe behaviours 

through monitoring and control. As a result, these LBs directly and indirectly influence 

subordinates’ expectations and motivations, thus influencing subordinates’ safe or unsafe 

behaviours (Flin & Yule 2004).  

 

There are three aspects of safety leadership: (a) safety motivation, (b) safety policy, and (c) safety 

concern (Lu & Yang 2010). Safety motivation and safety concern are dimensions of 

transformational leadership (Conchie 2013), while safety policy is more aligned to transactional 

leadership (Clarke 2013). Safety motivation occurs when a leader motivates followers to behave 

safely; safety concern occurs when a leader acts as a role model, demonstrating deep concern for 

safety; and safety policy occurs when a leader creates clear rules, goals, and responsibilities.  

 

2.2.4.1  Safety Leadership in Terms of Transactional and Transformational Leadership  

To further develop the theoretical concepts of safety leadership, researchers have tried to explain 

effective safety leadership in terms of the various leadership styles studied in leadership literature. 

Transformational and transactional leadership are the two most frequently cited (Clarke 2013; 
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Inness et al., 2010; Zohar & Tenne-Gazit 2008). Transactional and transformational leadership 

are well-grounded theories in leadership literature (Bass 1985), providing a conceptual foundation 

for all leadership (Flin & Yule 2004).  

 

According to Bass’s (1985) model, transactional leadership encompasses three components. The 

first component is contingent reward, which means that leaders set expectations and reward 

followers for meeting expectations. The second component is management-by-exception active; 

where leaders monitor followers’ performance and correct their actions prior to the occurrence of 

serious problems. The third component is management-by-exception passive. In this component, 

leaders monitor followers’ performance and take corrective actions once problems have occurred. 

Bass argued that this transactional relationship between leaders and subordinates is likely to 

produce expected the performance because this relationship sets goals and creates aspirations. 

Leaders use various transactional components in their daily interactions with subordinates; 

however, according to Bass (1985), only leaders of the highest performing teams show 

transformational behaviours in addition to transactional behaviours.  

 

Transformational leadership consists of four dimensions. First, individualised consideration 

occurs when leaders show interest in subordinates’ personal and professional development and 

listen to their needs and concerns. Second, idealised influence occurs when leaders behave in 

admirable ways that lead subordinates to believe that they can be understood by their leaders. The 

third dimension is inspirational motivation; leaders inspire others towards goals, provide meaning, 

and articulate visions that sound attractive and inspirational to others. Finally, intellectual 

stimulation occurs when leaders challenge assumptions and encourage others to tackle problems 

in different ways.  

 

Figure 2.1 shows how transformational leadership builds on transactional leadership through the 

so-called augmentation effect. The effective use of transformational leadership can motivate 

subordinates to set higher goals and exert additional effort to accomplish them. As a result, 

transformational leadership can help to improve performance beyond expected levels. In other 
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words, transformational leadership can explain the unique variance in extraordinary performance 

over and above what transactional leadership demonstrate.  
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Figure 2. 1: The augmentation effect of transformational on transactional leadership (adapted from Bass et 

al., 2003) 

 

As mentioned earlier, safety leadership is mostly explained in terms of the effects of transactional 

and transformational leadership. Flin & Yule (2004) categorised safety LBs in terms of 

transactional and transformation leadership as shown in Table 2.4. 
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Table 2. 2: Leadership Behaviours for Safety (adapted from Flin & Yule, 2004) 

LEADERSHIP BEHAVIOURS FOR SAFETY 

 Transactional Transformational 

Supervisors • Monitoring and reinforcing workers’ 

safe behaviours. 

• Participating in workforce safety 

activities (can also be transformational). 

• Being supportive of safety initiatives. 

• Encouraging employees involved safety 

initiatives. 

Middle 

Managers 

• Becoming involved in safety initiatives 

(can also be transformational). 

• Emphasising safety over productivity. 

• Adopting a decentralised style. 

• Relaying the corporate vision for safety to 

supervisors. 

Senior 

Managers 

• Ensuring compliance with regulatory 

requirements. 

• Providing resources for a comprehensive 

safety program. 

• Demonstrating visible and consistent 

commitment to safety. 

• Showing concern for people. 

• Encouraging participatory styles in middle 

managers and supervisors. 

• Giving time for safety. 

 

By using transactional and transformational leadership to explain safety leadership, researchers 

have examined how these two types of leadership styles may relate to different safety behaviours 

and outcomes. For example, Zohar & Tenne-Gazit (2008) found that transformational leadership 

was a predictor of safety climate. Inness et al. (2010) conclude that transformational leadership is 

positively related to safety participation, as transformational leaders successfully encourage 

subordinates to participate in safety activities. Zohar (2002) reports that transactional leadership 

was associated with lower accident rates. Clarke (2013) conducted a meta-analytic review of 103 

safety studies and found that transactional leadership was important to safety compliance, whereas 

transformational leadership was important to safety participation. Hoffmeister et al. (2014) 

investigated how each dimension of transactional and transformational leadership influenced five 

SOs: safety climate, safety compliance, safety participation, injury and pain. The results showed 

that the dimension of idealised attributes and behaviours under transformational leadership 

accounted for the most variance across all SOs, whereas active management-by-exception under 
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transactional leadership consistently accounted for the least variance. These results could imply 

that transformational leadership is more predictive than transactional leadership for driving better 

SO.  

 

2.2.4.2  Safety-Specific Transformational Leadership  

With a growing amount of safety literature revealing the importance of transformational leadership 

on safety performance, Barling et al., (2002) developed a construct called safety-specific 

transformational leadership (SSTL) to capture the variance in SO beyond the variance accounted 

for by general transformational leadership. (Barling et al., 2002). Particularly, SSTL consists of 

five components: idealised influence, inspirational motivation, intellectual stimulation, 

individualised consideration and contingent reward. The first four components are from 

transformational leadership, whereas the last component, contingent reward, is from transactional 

leadership. Contingent reward was included in the construct because a factor analysis suggested 

that contingent reward consistently loads together with the four components of transformational 

leadership. 

 

In SSTL, leaders with high ‘idealised influence’ demonstrate their own personal commitment to 

safety, thus facilitating higher levels of follower trust in how management considers safety 

important. Leaders demonstrate ‘inspirational motivation’ when they challenge followers to go 

beyond their personal needs for the collective well-being. For example, leaders convince their 

followers to achieve high levels of safety standards, using stories to clarify their mission. By using 

‘intellectual stimulation’, leaders challenge their followers to question long-held assumptions and 

motivate them to discover creative ways to improve occupational safety. Additionally, leaders 

manifesting ‘individualised consideration’ express an active interest in their followers’ well-being, 

including their work safety. Leaders make use of ‘contingent reward’ to encourage and reinforce 

followers’ safety behaviours. 

 

Numerous studies have found a strong and positive association between SSTL and SO. For 

example, de Koster et al., (2011) found that SSTL was negatively associated with accident rate. 

Conchie and Donald (2009) suggest that SSTL has a significant effect on subordinates’ safety 
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citizenship behaviour. Mullen and Kelloway (2009) report that SSTL is positively related to safety 

climate. Kelloway et al., (2006) found that SSTL was positively associated with   and safety 

consciousness.  

 

2.2.5 Limitations of Current Leadership Theories 

Despite the need for specific leadership for SCOs, traditional and currently prevalent leadership 

theories have largely been built on the bureaucratic pattern defined for the ‘Industrial Age’. The 

concept of leadership within the framework of the bureaucratic structure has been erected on strict 

control mechanisms and the conventional assumption wherein auditing is rationalised (Baltaci et 

al., 2017). Most leadership theories are managerial practices designed for rational goals and goal 

attainment. According to Barnard (1938), leadership means gathering organisational rational goals 

and personal preferences of leaders or administrators. Selznick (1948) observed that irrational 

leadership preferences, social interaction in organisations and informal structuring might damage 

predefined organisational goals. In this context, the researcher highlights the influence of leaders 

in a paradigm predominated by leadership theories on other organisational members and groups in 

the context of predefined goals and hierarchical structuring (Conner 1998). The model includes 

strategies such as motivating employees for organisational goal attainment and providing 

inspiration for an increase in the efficiency and effectiveness of goods/services produced by 

employees and the internalisation of organisational goals in employees (Burpo 2006). Micro-

theories focus on the charismatic and visionary roles of administrators from top to bottom (Castells 

2003), whereas macro-theories like ‘Executive Leadership’ emphasises bureaucratic structuring 

(Cilliers 2005).  

  

Control mechanisms included in traditional bureaucratic structure and lacking points in the concept 

of formal leadership unconsciously restrict the applicability of mainstream leadership theories for 

SCOs. Available mainstream leadership theories are not flexible enough to address the concept of 

centralised organisational power and the needs of SCOs (Lichtenstein, 2006). As most leadership 

studies have been developed from research in the social sciences on human relationships rather 

than focusing on studies of organisational top-bottom structures, the inability to move beyond 
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formal control inherent in traditional bureaucratic mindsets limits the applicability of mainstream 

leadership theories for SCOs (Ojuola et al., 2020b).  

To address this challenge, a model of leadership grounded not in bureaucracy, but in complexity 

will be reviewed. This model will focus on leadership in the context of dynamically changing 

networks of informally interacting agents. Early researchers, such as Lewin (1952) and Homans 

(1950), glimpsed the potential of such informal dynamics (however vaguely, by complexity theory 

standards), but the intent of many follow-up studies on their findings assumed that such informal 

dynamics were problematic for achieving organisational goals (Roy 1954). Several recent 

initiatives have explored the potential of decentralised authority or leadership, including Pearce & 

Conger's (2002) work on shared leadership, Gronn's (2002) on distributed leadership, and 

Fletcher’s (2004) and Volberda’s (1996) on flexible forms. None, however, have developed a 

conceptual model that addresses the nature of leadership for enabling network dynamics, one 

whose epistemology is consistent with connective, distributed, dynamic, and contextual views of 

leadership (Uhl-Bien et al., 2007). Rather than seeking ‘one true theory’ of leadership, complex 

thinking has explored the idea of leadership from a different perspective, thus giving birth to 

Complexity Leadership Theory. 

2.3 Complexity Science 

Uhl-Bien et al., (2007) describe traditional century leadership models as products of top-down, 

bureaucratic paradigms; although effective for economies. These models are based on physical 

production; thus, they are not well-suited for the more knowledge-oriented economies of today. 

These require a different paradigm for leadership, one where ‘Complexity Science’ frames 

leadership as a complex interactive dynamic from which adaptive outcomes (e.g., learning, 

innovation, and adaptability) emerge as ‘Complex Leadership Theory’. This theory indicates a 

leadership model where people work together to collectively find efficient solutions to difficult 

problems, thus adapting to today’s ever-changing environment. (Uhl-Bien et al., 2007). 
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2.3.1 Introduction to Complexity Theory 

The science of complexity theory concerns the study of complexly interacting systems (Marion & 

Uhl-Bien, 2001). Complexity theory has been defined as the study of large collections of simple, 

interacting units, endowed with the potential to evolve over time (Coveney, 2003). While the entire 

theory is more complex than this definition is useful as it encompasses three fundamental 

characteristics of complex systems; they involve interacting units and are dynamic and adaptive. 

In essence, complexity theory is about the following: (1) the interactions and dynamics among 

multiple, networked agents, and (2) how emergent events such as creativity, learning, or 

adaptability – arise from these interactions (Marion, 2008). Complexity theorist inquire into how 

such systems engage with each other, adapt, and influence things like emergence, innovation, and 

fitness. 

 

The term ‘complexity’ and ‘complicated’ do not share the same meaning. A system is complicated 

if each of its individual components or constituents can be described (even if there is a huge 

number of them). For example, computers are complicated systems. A system is complex if its 

relationships cannot be explained fully by merely analysing its components because they are 

dynamic and changing; the brain, for example, is a complex system (Cilliers, 1999); Snowden & 

Boone, 2007). 

 

2.3.2 Complex Systems 

According to Snowden & Boone (2007), complex systems incorporate myriad interacting 

elements. The interactions between these elements are non-linear and minor changes can cascade 

into large-scale consequences. Such systems are dynamic, with a whole greater than the sum of its 

parts. It is impossible to impose solutions or order upon them; rather, such novel forms arise from 

the circumstances within them (called emergence). The elements of complex systems evolve with 

one another, integrating their past with the present, and their evolution is not reversible. Due to the 

constant fluctuations and changes of external conditions and connected systems, complex systems 

are not predictable, although they may seem ordered and predictable in retrospect. As such, no 

forecasting or prediction of their behaviour can be made, because the elements and system itself 

constrain one another over time. Such mutually constraining behaviour is different than in ordered 
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systems, where the system constrains the elements, or in chaotic systems which have no 

constraints. 

  

Reliance on technology creates new types of hazards while the nature of accidents in complex 

systems is changing (Dekker 2004). They are seldom caused by single human errors or individual 

negligence but rather by normal people doing what they consider to be their normal work (Dekker 

2004; Hollnagel 2016). Many safety scientists and organisational factors specialists state that 

organisational structures, safety systems, procedures and working practices have become so 

complex they are creating new kinds of threats for the reliable functioning of organisations (Perrow 

2011; Sagan 1995). The risks associated with one’s own work may be more difficult to perceive 

and understand. People may exhibit a faulty reliance on safety functions such as redundancy as 

well as an excessive confidence on procedures. The organisation may also experience difficulties 

in responding to unforeseen situations due to complex and ambiguous responsibilities. Because of 

complexities of the system, the boundaries of safe activity become harder and harder to perceive. 

At the same time, economic pressures and striving for efficiency push the organisations to operate 

closer to the boundaries and shrink unnecessary slack. Over time, sociotechnical systems can drift 

into failure (Dekker 2004; Rasmussen 1997). In other words, an accident is a natural consequence 

of the complexity of the interactions and social as well as technical couplings within the 

sociotechnical system (Perrow 2011; Snook 2002; Reiman 2007).  

 

The complex view of safety emphasises that SCOs should be able to proactively evaluate and 

manage the safety of their activities instead of focusing solely on risk control and barriers. Safety, 

however, is a phenomenon that is hard to describe, measure, confirm and manage. Technical 

reliability is affected by human and organisational performance. The effect of management 

actions, working conditions and the culture of the organisation on technical reliability, as well as 

overall work performance, cannot be ignored when evaluating the system safety.  

 

In the safety-critical field there has been an increasing interest in organisational performance and 

factors, because incidents and accidents often demonstrate organisational deficiencies as one of 

their major precursors. Research has identified numerous human and organisational factors 
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relevant to safety. Nevertheless, human and organisational factors are often addressed in isolation 

from and independent of each other. Scientists in the field of SCOs state that safety emerges when 

an organisation is willing and capable of working according to the demands of the task, able to 

vary its performance according to situational needs, and understands the changing vulnerabilities 

of the work (Dekker 2004; Woods & Hollnagel 2017; Reiman & Oedewald 2007).  

 

2.3.3 Key Concepts of Complexity 

Interaction 

Complexity theorists study the ‘patterns dynamic mechanism that emerge from the adaptive 

interactions of many agents’ (Marion 2008). When sentient agents (like humans in an organisation) 

interact, they change due to the influence of relationships, interdependent behaviours, and the 

emergence of subsets of agents that engage one another interdependently. The structures, dynamic 

behaviours, and patterns that arise from these complex interactions become unrecognisable when 

perceived as linear combinations of the initial actors. These interactive behaviours and outcomes 

ultimately create feedback loops with each other, leading to effects becoming causes and 

influences arising from extensive chains of effect. 

 

Dynamic 

Complexity does not refer to static events. Rather, it concerns a dynamic process that consistently 

changes its elements and brings forth new things in a process called emergence. While there is 

global stability and resilience within complex systems and complex behaviour, they are 

fundamentally defined by change (Marion 2008). 

 

Adaptation 

Adaptation refers to a complex system’s ability to strategically change or adjust in response to 

individual or systemic pressures. Adaptation arise at two levels: the individual and the aggregate. 

Individual adaptation concerns local stimuli and individual preferences. These adaptations among 

agents in a system can interact with each other, resulting in compromises that simultaneously serve 

the individual and the collective, thus forming aggregate adaptation (Marion 2008). 
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Mechanisms 

In general, mechanisms are processes that result in given outcomes (Hedström P. & Swedberg 

1998). There are certain, universal mechanisms that drive complex dynamics. When change 

occurs, it is these mechanisms at work. Complex mechanisms are emergent behaviour patterns, 

universally available, that enable a dynamic mix of causal chains and agents. One aspect of 

complexity theory is to identify and describe complex mechanisms and the patterns that arise from 

their interaction. 

 

Emergence 

Emergence is a sudden, unpredictable change event produced by the actions of mechanisms 

(Marion 2008). It is a type of naturally occurring change and subsequent stabilisation into a new 

order that is ‘free’ – it does not require external energy to happen. It can result in dissipative 

structures. When complex systems are dynamically interacting, they often generate many low-

intensity emergent changes; occasionally, they experience a high-intensity change. These changes 

are different from those arising through steady, step-by-step trajectories from known beginnings 

through predictable outcomes. Emergence arises through interaction and energetic pressure as 

opposed to the actions of any lone individual. It is the dynamic actions of mechanisms that generate 

it, rather than the constant, predictable effect of variables.   

 

2.3.4 Complexity Leadership Theory 

The background to Complexity Leadership Theory envisions three leadership functions that is 

referred to as adaptive, administrative, and enabling (Uhl-Bien et al., 2007). Adaptive leadership 

refers to adaptive, creative, and learning actions that emerge from the interactions of CAS as they 

strive to adjust to tension (e.g., constraints or perturbations). Adaptive activity can occur in a 

boardroom or in workgroups of line workers; adaptive leadership is an informal emergent dynamic 

that occurs among interactive agents (CAS) and is not an act of authority. Administrative 

leadership refers to the actions of individuals and groups in formal managerial roles who plan and 

coordinate activities to accomplish organisationally-prescribed outcomes in an efficient and 

effective manner. Administrative leadership (among other things) structures tasks, engages in 

planning, builds vision, allocates resources to achieve goals, manages crises and conflicts, and 
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manages organisational strategy (Mumford et al. 2008). Administrative leadership focuses on 

alignment and control and is represented by the hierarchical and bureaucratic functions of the 

organisation. Enabling leadership works to create conditions where adaptive leadership can thrive 

and manage the entanglement (described below) between the bureaucratic (administrative 

leadership) and emergent (adaptive leadership) functions of the organisation. Managing 

entanglement involves two roles: (1) creating appropriate organisational conditions (or enabling 

conditions) to foster effective adaptive leadership in places where innovation and adaptability are 

needed, and (2) facilitating the flow of knowledge and creativity from adaptive structures into 

administrative structures. Enabling leadership occurs at all levels of the organisation (as well as 

within the adaptive dynamic), but the nature of this role varies by hierarchical level and position.  

 

In complexity leadership theory, these three leadership functions are intertwined in a manner that 

is referred to as entanglement (Kontopoulos 2006). Entanglement describes a dynamic relationship 

between the formal top-down, administrative forces (i.e. bureaucracy) and the informal, complexly 

adaptive emergent forces of social systems. In organisations, administrative and adaptive 

leadership interact and may help or oppose one another. Administrative leadership can function in 

conjunction with adaptive leadership or can thwart it with overly authoritarian or bureaucratic 

control structures. Adaptive leadership can work to augment the strategic needs of administrative 

leadership, it can rebel against it, or it can act independent of administrative leadership. The 

enabling leadership function helps to ameliorate these problems; it serves primarily to enable 

effective adaptive leadership, but to do so, it must tailor the behaviours of administrative and 

adaptive leadership so that they function in tandem with one another. 

 

Complexity leadership theory is a framework that enables the learning, creative, and adaptive 

capacity of complex adaptive systems (CAS) in organisations. This framework seeks to foster CAS 

dynamics while simultaneously enabling control structures appropriate for coordinating formal 

organisations and producing outcomes appropriate to the vision and mission of the system. It seeks 

to integrate complexity dynamics and bureaucracy, enabling and coordinating, exploration and 

exploitation, CAS and hierarchy, and informal emergence and top-down control (Uhl-Bien et al., 

2007).  
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As described above, CAS are intensely adaptive and innovative (Cilliers 1999; Marion 1999). They 

obtain a flexibility to adapt that has been attributed to loose coupling (Weick 1976) and the 

capacity to coordinate from a more interdependent structure, which is best described as moderately 

coupled (Kauffman 1993; Marion 1999). Moderately coupled interdependency (the actions of one 

agent are dependent on or limited by those of another) imposes restrictions on behaviour. Thus, 

flexibility and what might be called auto-coordination, derives from informal but interdependent 

structures and activities (auto-coordination emerges from the nature of system dynamics and is not 

imposed by authorities). Complexity theorists refer to such informal interactive interdependency 

as bottom-up behaviour, as in behaviours and changes that emerge spontaneously from the 

dynamics of neural-like networks.  

 

Informal emergence and auto-coordination are seemingly incompatible with administrative 

coordination, but in reality, it depends on the nature of the coordination. In CAS, coordination 

comes from two sources: from informal emergent constraints imposed by interdependent 

relationships themselves (auto-coordination) and constraints imposed by actions external to the 

informal dynamic, including environmental restrictions (Kauffman 1993; Marion 1999) and 

administrative controls (McKelvey et al., 2003). Internal controls are imposed by the sense of 

common purpose that defines CAS and from an inter-agent accountability that is inherent in 

interdependent systems (Marion & Uhl-Bien 2003; Schneider & Somers 2006).  

 

2.3.5 Principles of Complexity Science 

Leadership continues to be associated with traditional, linear models, which are incongruent with 

the behaviour of a complex system, such as the oil and gas industry. However, Plsek & Greenhalgh 

(2001) suggest abandoning models of linearity for complexity science, which provide the premise 

for a flexible response to emerging patterns and opportunities.  

 

Traditional LSs remain entrenched in current bureaucratic structures that emphasise trait-based 

models and the dyadic relationships between leaders and follower (Weberg 2012). Weberg’s 

review of traditional leadership theories implies that the goal for a leader is to control uncertainty 



34 

and work toward absolute stability. He continues, saying that it is these very linear traditional 

leadership models that have produced the fragmented systems that we have now. He suggests that 

leadership based on complexity science can provide a different and improved way of leading in 

organisations.  

As the study of complex systems primarily focuses on the relationships between parts, patterns of 

behaviour and the interdependencies within a dynamic system, applying the same concept to safety 

and leadership provides direction in practice and presents an unorthodox leadership construct that 

would enable managers to imbibe leadership apt for the 21st century (Ojuola et al., 2020a). There 

is greater demand for leadership that understands and values the nature of this high level of 

interactivity. Strategies to develop leaders who can function well in this complex system which is 

based on complexity science are likely to be more relevant than using traditional hierarchical 

approaches to leadership. These traditional approaches are not only outdated but incongruent with 

system (organisational) behaviour (Ojuola & Mohamed, 2018). The scientific principles of 

complexity views leadership as a process that involves many individuals. Complexity science 

emphasises the adaptability, creativity and flexibility of leadership, not as a set of values existing 

in any one individual. According to Morgan (2006), leadership is a verb and a process, not a noun. 

The five principles of complexity science are connectivity, interdependence, feedback, 

exploration-of-the-space-of-possibilities and co-evolution. Based on Mitleton-Kelly’s (2003) 

work, the five principles are grouped into three areas: relationships between agents (encompassing 

connectivity, interdependence, and feedback), patterns of behaviour (exploration-of-the-space-of-

possibilities) and enabling functions (co-evolution).  

Relationships between agents, entails ways that leaders can foster relationships, build trust and 

promote effective feedback to improve SO based on the principles of connectivity, 

interdependence and feedback in complex systems. Patterns of behaviour explores how leaders 

can encourage team members to try new strategies based on the exploration-of-the-space-of-

possibilities principle. Finally enabling functions, identify how a leader may be an agent of change 

within an organisation premised on the principle of co-evolution. 
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2.3.5.1   Relationship Between Agents 

The concepts of connectivity, interdependence and feedback help to better understand the quality 

of relationships between agents and its effect on SO. According to Mitleton-Kelly (2003), 

connectivity and interdependence means that a decision or action by any individual (group, 

organisation, institution, or human system) may affect related individuals and systems. Thus, LBs 

can be seen as influential in fostering crucial relationships and play a valuable role as agents to 

determine SO. 

 

2.3.5.2   Patterns of Behaviour 

Generating variety in strategies is referred to by Mitleton-Kelly (2003) as exploration-of-the-

space-of-possibilities. Less dependent on pin-point forecasting, top-down planning, or elaborate 

controls (Weberg 2012), natural system behaviour morphs to create a new structure through 

exploration. The ability to explore allows organisations to identify multiple strategies before a 

significant investment of resources is made. Exploring the space of possibilities and generating 

variety through the lens of new strategies and new ways of doing things is suitable for SCOs. 

 

Behaviour patterns in teams are formed over time and processes can become ingrained. The 

dynamic nature of complex systems requires that processes change as needed and that teams 

demonstrate a nimbleness that can provide the fluidity to adapt. Leadership behaviour is 

instrumental to either the encouragement or discouragement of a team’s ability to embrace change, 

including its capacity for generation of new ideas or to be innovative. 

 

2.3.5.3   Enabling Functions 

Mitleton-Kelly (2003) differentiates between co-evolution and adaptation as change that is seen in 

relation to all other related systems, not simply adapting to a separate and distinct environment. 

For example, in a social system, each fully participating agent both influences and is influenced 

by the related agents or organisations. Within a SCO, leaders are influenced by unique forces 

because of their specific tasks, their professional affiliations and their role in the organisation. 

Looking at how each co-evolve and influence change can provide insight on how best fit can be 
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determined and where collective leadership capacity may be most valuable.  

 

In an ecosystem, there are numerous entities influencing each other, producing an ongoing 

dynamic but also a system whose behaviour cannot be pre-determined. Interactions among team 

members, external influences, such as government or suppliers, and political, cultural or economic 

forces vary constantly, with each entity evolving continuously but together co-evolving. The 

evidence indicates that systems thinking is required for effective leadership and that chaos should 

be seen as an opportunity.  

 

Agents within a complex system are sensitive to fluctuations in the environment. They are both 

the initiator of change and the receiver of influences from other actions within their environment. 

A heightened sensitivity to the dynamics of complex systems allows for the co-evolution necessary 

for change and movement within an SCO. According to Anderson & McDaniel (2000; p.87), it is 

when problems become more complex, as in SCOs, that ‘managers need all of the different points 

of view they can muster’. 

 

2.3.6 Complexity in the Oil and Gas Industry 

Complex systems are usually very difficult to understand and analyse because they are 

characterised by many interdependent tasks or activities happening at the same time (Snowden & 

Boone, 2007). Such systems are predominant in the oil and gas industry; ranging from diverse and 

interdependent industrial and geological processes and supporting technologies, to software 

applications, big networks of heterogeneous robots and sensors, and parallel super computers 

accessing data. 

 

The production of oil and gas involves many complex, costly, and hazardous activities that require 

well-founded decision-making before investment in the sector (Schneider et al. 2011). In addition 

to the complexity of the industry, the overall system complexity depends on the organisation of 

work, standard operation procedures, decision-making routines and communication patterns. The 

environment is highly specialised, so many tasks require special knowledge that takes time to 

acquire. At the same time, understanding the entire system and expertise of others becomes more 
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difficult. The chain of operations involves many different parties and different technical fields are 

expected to cooperate flexibly. The goals of safety and efficiency must be balanced in everyday 

tasks. Daily work in the oil and gas industry is increasingly conducted through various 

technologies, information systems and electronic tools. As the complexity of work increases, the 

significance of most implicit features of the organisational culture as a means of coordinating the 

work and achieving safety and effectiveness of the activities also increases (Weick 1995; Reiman 

& Oedewald 2007). The significance of human and organisational factors thus grows, but their 

effects and interactions also become more complex. 

 

2.4 Safety Outcomes 

The safety literature has demonstrated a clear positive link between leadership and SO (e.g. 

Kelloway et al., 2006; Zohar, 2002). Some authors claim that active safety behaviour (which 

includes aspects of surveillance, proactive behaviours towards potential deviances, and feedback 

about mistakes) is also a critical dimension that should be empirically studied (Mohamed, 2002; 

Clarke 2013). Positive links have thus been established between various forms of safety 

leadership; a range of individual and group performance and outcome variables such as workforce 

compliance and participation (Clarke & Ward 2006; Martínez-Córcoles et al., 2013) and safety 

climate (Hystad, et al., 2014; Zohar & Luria, 2005). Martínez-Córcoles et al., (2017) define safety 

climate as employees’ shared perceptions about their work environment in terms of safety. Spencer 

& Spencer (2008) characterise competence as a personal trait that can influence behaviour and 

performance. Boyatzis (1982) also describes it as the underlying characteristics of a person that 

leads to or cause effective and outstanding performance. 

 

Gaining an understanding of the factors that influence employees’ safety performance can be vital 

for reducing the incidence of job-related injuries (Neal & Griffin 2006). Neal et al., (2000) 

highlight two dimensions of safety performance: safety compliance adhering to safety procedures 

and carrying out work in a safe manner and safety participation, helping co-workers, promoting 

safety programs within the workplace, demonstrating initiative and working to improve safety in 

the workplace. Specifically, safety compliance consists of behaviours that are viewed as part of 

employees’ formal job description, while safety participation includes behaviours that are 
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discretionary and extend beyond employees’ formal work role (Neal et al., 2000; Neal & Griffin, 

2006).  

 

2.5 Chapter Summary 

This chapter has presented a review of the literature and established a background in the disciplines 

that the study addresses. It illustrated that using leadership as an indicator for measuring SO has 

more advantages than adopting other measuring indicators. It also presented that project managers 

can be effective safety leaders by adopting certain LBs. Complexity science offers a better 

perspective of the leadership concept through the three LBs, leading to better SO.  

 

Based on the gap identified in the literature review (see Section 1.3), a theoretical background was 

developed to build the conceptual model tested in this research study. More details are presented 

in the next chapter (Chapter 3). 
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Chapter 3: Research Methodology 
 

The aim of this chapter is to present the research questions for this study, as well as the detailed 

development of the theoretical background, leading to the development of a conceptual model to 

fill the identified research gap based on the literature review in the previous chapter (Chapter 2). 

This chapter starts with Section 3.1, which presents the research problems, then Section 3.2 

describes the research questions. Section 3.3 explains the conceptual model, followed by the 

research hypotheses in Section 3.4 and details of the model construct in Section 3.5. The research 

design is outlined in Section 3.6. Finally, Section 3.7 summarises Chapter 3. 

 

3.1 Research Questions 

When occupational accidents occur, they may be due to a lack of knowledge, training, supervision, 

or rules implementation. All these factors influence or weaken safety performance and affect the 

rate of accidents (Tharaldsen et al., 2010). 

 

The way safety is managed in an organisation depends heavily on the beliefs and assumptions 

management and personnel have concerning organisational behaviour and safety. Safety 

management has thus focused on identifying the possible ways things can go wrong, then seeking 

to prevent such possible deviations by implementing barriers, emphasizing procedural adherence, 

creating redundant systems, supervising work and clarifying the distribution of responsibilities. 

The numbers of accidents and other negative events, such as breakdowns, adverse events and 

process leaks, have been used as indicators of safety. This classical safety management paradigm 

views organisations as machine-like entities (Reiman et al. 2015). 

 

However, disappointments in the results achieved by the classical safety management paradigm 

alongside evolution in several scientific disciplines – have led to the emerging view of safety as 

more than the negation of risk. This new paradigm for safety management is supported by the 

increased application of complexity theories in safety science (e.g. Dekker et al., 2011; Dekker et 

al., 2014; Goh et al., 2010).  

 



 
 
  
 

40 
 

Moreover, most research literature seems to associate leadership with traditional, linear models, 

which are incongruent with the behaviour of a complex system, such as the oil and gas industry. 

Research in various safety consultancy projects in different safety-critical fields has led to the 

realisation that many managers and experts in safety critical domains experienced contradicting 

demands but lacked a theoretical context to conceptualise the management principles needed for 

trade-offs and balancing (Cameron and Quinn, 2011). Thus, the need to investigate how various 

LBs inform SO in SCOs.  

 

To bridge the gap identified via the literature review (see Section 1.3), this study attempts to answer 

the following central research questions: 

 

RQ1: Does empowering & engaging leadership behaviour have an influence on SO in safety-

critical organisations? 

RQ2: To what extent does the principles of complexity science influence the relationship between 

empowering and engaging leadership behaviour and SO in safety-critical organisations? 

RQ3: Does modelling & reinforcing leadership behaviour have an influence on SO in safety-

critical organisations? 

RQ4: To what extent does the principles of complexity science influence the relationship between 

modelling & reinforcing leadership behaviour and SO in safety-critical organisations? 

RQ5: Does promoting & enabling leadership behaviour influence on SO in safety-critical 

organisations? 

RQ6: To what extent does the principles of complexity science influence the relationship between 

promoting & enabling leadership behaviour and SO in safety-critical organisations? 

 

3.2 Conceptual Model Development 

Published literature concentrated on technical and managerial practices were reviewed to underpin 

background knowledge and establish a background for the study. This led to the formulation of 

the research questions from the research gaps identified. To answer these questions, a conceptual 

model was developed (as shown in Figure 3.1) based on the knowledge obtained from the literature 

review. The model constructs were operationalised to present a set of measurement variables, 
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which were utilised in the subsequent questionnaire development process.  

 

Figure 3.1 shows the research conceptual model for this study: 
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Leadership Behaviours
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Safety Outcomes
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between Agents

Patterns of 

Behaviour

Enabling 
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Co-evolutionFeedbackConnectivity

Promoting & 
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Figure 3. 1: Conceptual Model 

 

• Independent Variable – Leadership behaviours (Empowering & engaging, Modelling & 

reinforcing and Promoting & enabling). 

• Mediating Variable – Principles of complexity science (Connectivity, Interdependence, 

Feedback, Exploration-of-the-space-of-possibilities and Co-evolution). 

• Dependent Variable – Safety outcomes (Safety participation, Safety compliance and 

Safety climate). 

 

3.3 Hypotheses Development  

The conceptual model in Figure 3.1 includes three components, namely, LBs, the principles of 

complexity science and SOs. LBs has been considered as an important antecedent that has the 

potential to influence safety (see Section 2.2.6). It consists of three LBs namely, EELB, MRLB and 

PELB. The three LBs were chosen for the current research study due to their role as discussed in 
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Subsection 2.2.7. The EELB delegates authority to employees. The MRLB is concerned with doing 

what followers are expected to do, while the PELB encourages and develops character in followers. 

 

The relationship of the five principles of complexity science (CON, INT, FBK, EXP and COE) 

were examined in this study to determine how these principles are affected by the LBs. The impact 

of the principles of complexity science on SOs were then tested to determine whether the LBs 

influence SOs. To confirm these relationships and test the research questions, the following 18 

hypotheses were formulated: 

 

Role of Empowering & Engaging Leadership Behaviour on Safety Outcomes and the Principles of 

Complexity Science 

The influence of empowering & engaging leadership behaviour on SOs and the principles of 

complexity science within the oil and gas industry was addressed via the first and second research 

questions (RQ1 and RQ2) (see Figure 3.2). 

 

This study proposed the following hypotheses (see Figure 3.2): 

H1: Empowering & Engaging leadership behaviour (EELB) predicts Safety Participation 

(SPA) 

H2: Empowering & Engaging leadership behaviour (EELB) predicts Safety Participation 

(SPA) via Complexity Science (CS) principles 

H3: Empowering & Engaging leadership behaviour (EELB) predicts Safety Compliance 

(SCO) 

H4: Empowering & Engaging leadership behaviour (EELB) predicts Safety Compliance 

(SCO) via Complexity Science (CS) principles 

H5: Empowering & Engaging leadership behaviour (EELB) predicts Safety Climate 

(SCL) 

H6: Empowering & Engaging leadership behaviour (EELB) predicts Safety Climate 

(SCL) via Complexity Science (CS) principles 
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Figure 3. 2: Conceptual model with associated hypotheses (H1—H6) 

 

Role of Modelling & Reinforcing Leadership Behaviour on Safety Outcomes and the Principles of 

Complexity Science 

The influence of modelling & reinforcing leadership behaviour on SOs and the principles of 

complexity science within the oil and gas industry was addressed via the third and fourth research 

questions (RQ3 and RQ4): 

 

This study proposed the following hypotheses (see Figure 3.3): 

H7: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Participation 

(SPA) 

H8: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Participation 

(SPA) via Complexity Science (CS) principles 

H9: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Compliance 

(SCO) 

H10: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Compliance 

(SCO) via Complexity Science (CS) principles 
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H11: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Climate 

(SCL) 

H12: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Climate 

(SCL) via Complexity Science (CS) principles 
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Figure 3. 3: Conceptual model with associated hypotheses (H7—H12) 

 

Role of Promoting & Enabling Leadership Behaviour on Safety Outcomes and the Principles of 

Complexity Science 

The influence of promoting & enabling LBs on SOs and the principles of complexity science 

within the oil and gas industry was addressed via the fifth and sixth research questions (RQ5 and 

RQ6): 

 

This study proposed the following hypotheses (see Figure 3.4): 

H13: Promoting & Enabling leadership behaviour (PELB) predicts Safety Participation 

(SPA) 

H14: Promoting & Enabling leadership behaviour (PELB) predicts Safety Participation 

(SPA) via Complexity Science (CS) principles 
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H15: Promoting & Enabling leadership behaviour (PELB) predicts Safety Compliance 

(SCO) 

H16: Promoting & Enabling leadership behaviour (PELB) predicts Safety Compliance 

(SCO) via Complexity Science (CS) principles 

H17: Promoting & Enabling leadership behaviour (PELB) predicts Safety Climate (SCL) 

H18: Promoting & Enabling leadership behaviour (PELB) predicts Safety Climate (SCL) 

via Complexity Science (CS) principles 
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Figure 3. 4: Conceptual model with associated hypotheses (H13—H18) 

 

3.4 Details of Model Constructs 

The following subsections present details of the model construct. Tables 3.1 to 3.3 describes the 

model constructs and their measurement variables. 
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Table 3. 1: Details of the ‘Leadership Behaviour’ construct 

Dimension Description Measurement Variables References 

Empowering & 

Engaging 

(EELB) 

(6 items) 

Delegating authority to 

employees. 

LB5: Leadership constantly relays the importance of corporate vision for safety to supervisors.  

Flin & Yule, (2004); 

Hassan et al., (2016); 

Hoffmeister et al., 

(2014); Ololube 

(2013); Naylor (1999); 

Amundsen & 

Martinsen (2014); Bass 

(1999); Wu et al., 

(2015); Mullen & 

Kelloway (2006); 

Barling et al., (2002); 

Avolio et al., (2009). 

LB6: Leadership encourages participatory behaviours by middle managers and supervisors. 

LB11: Leadership emphasises safety over productivity. 

LB12: Leadership is proactive with regards to safety matters. 

LB13: Leadership taps into team members’ potentials to promote a safe environment. 

LB15: Leadership structure is designed so any one can take the lead when the need arises. 

Modelling & 

Reinforcing  

(MRLB) 

(4 items) 

Doing what followers are 

expected to do. 

LB1: Leadership reinforces workers’ safe behaviours. 

LB2: Leadership participates in workforce safety activities. 

LB4: Leadership demonstrates visible and consistent commitment to safety. 

LB14: Leadership and team processes on safety are dynamic and fluid. 

Promoting & 

Enabling  

(PELB) 

(5 items) 

Encouraging and 

developing character in 

followers. 

LB3: Leadership encourages employees to be actively involved in safety initiatives. 

LB7: Leadership ensures compliance with safety regulatory requirements. 

LB8: Leadership provides resources for comprehensive safety programs. 

LB9: Leadership allots adequate time for safety. 

LB10: Leadership is actively involved in safety initiatives. 
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Table 3. 2: Details of the ‘Principles of Complexity Science’ construct 

Dimension Description Measurement Variables References 

Connectivity  

(CON) 

(15 items) 

The state of being 

connected or the 

capacity for 

interconnection. 

CON1: Leadership fosters relationship within teams.  

 

 

 

 

 

 

 

Grady (2015); 

Mitleton-Kelly (2003); 

Carrillo (2011); 

Weberg (2012); 

Anderson & McDaniel 

(2000); Capra (2007); 

Morgan (2006); Uhl-

Bien et al., (2007); 

McKelvey et al., 

(2003); Marion (2008); 

Cilliers (1999); Marion 

(1999). 

CON2: Leadership encourages co-learning among employees. 

CON3: Leadership promotes workers’ participation. 

CON4: Leadership provides open channels for communication. 

CON5: Leadership spends time teaching and coaching. 

CON6: Leadership endorses openness and honesty. 

CON7: Leadership has a strong sense of clarity and purpose. 

CON8: Leadership creates clearly defined and widely held values and beliefs. 

Interdependence  

(INT) 

(4 items) 

The dependence of two 

or more people on each 

other. 

INT1: Leadership champions building of trust among team members. 

INT:2 Leadership upholds the spirit of cooperation. 

INT3: Leadership emphasises team-orientation efforts and success. 

INT4: Leadership has a strong network of projects that share best practices. 

Feedback Information about 

reactions to a product, 

a person's performance 

of a task, which is used 

as a basis for 

improvement. 

FBK1: Leadership views mistakes as opportunities for learning.  

(FBK) FBK2: Leadership always welcomes suggestions to improve safety.  

(5 items) FBK3: Leadership carefully reviews lessons learned and works on them. 

 FBK4: Leadership is ever ready to take up new challenges. 

 FBK5: Leadership is quick to deploy resources to support executions of ideas/initiatives. 

Exploration-of-the-

space-of-possibilities 

Taking risks and 

exploring 

opportunities. 

EXP1: Leadership is open to take advantage of new opportunities. 

EXP2: Leadership always welcomes new ideas/options. 

(EXP) EXP3: Leadership encourages team members to try new strategies that might impact SO. 

(6 items) EXP4: Leadership prompts team members to continuously seek ways to improve SO. 

 EXP5: Leadership encourages safety initiatives. 

 EXP6: Leadership promotes professional development programs that will enhance SO. 

Co-evolution The influence of closely 

associated team 

members on each other 

in their evolution. 

COE1: Leadership facilitates ongoing changes within the organisation. 

(COE) COE2: Leadership influences other team members. 

(5 items) COE3: Leadership is influenced by other team members. 

 COE4: Leadership and team members work to accommodate changes in the organisation.  

 COE5: Leadership seek new information that will improve safety of the work environment.  
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Table 3. 3: Details of the ‘Safety Outcome’ construct 

Dimension Description Measurement Variables References 

Safety participation 

(SPA) 

(6 items) 

Demonstrating 

initiative and putting 

effort into improving 

safety. 

SPA1: Leadership encourages team members to participate in safety programs.  

 

 

Flin & Yule, (2004); 

Hoffmeister et al., 

(2014); Kelloway et al., 

(2006); Zohar (2002); 

Clarke & Ward (2006); 

Zohar & Luria (2005); 

Martínez-Córcoles et 

al., (2013); Clarke 

(2013); Neal et al., 

(2000); Neal & 

Griffin (2006). 

SPA2: Leadership influences team members to participate in activities that improve safety.  

SPA3: Leadership creates platform to formally advise management on safety-related matters. 

SPA4: Leadership prompts team members to help others when working in unsafe conditions.  

SPA5: Leadership insists on attendance of safety meetings or workshops.  

SPA6: Leadership inspires team members to promote safety programs in the workplace.   

Safety Compliance 

(SCO) 

(6 items) 

Adhering to safety 

procedures and 

carrying out work in 

a safe manner. 

SCO1: Leadership ensures that team members comply with safety initiatives. 

SCO2: Leadership ensures the highest level of safety compliance (industry standard).  

SCO3: Leadership compels all team members to follow all safety rules. 

SCO4: Leadership provides all necessary safety equipment to carry out tasks. 

SCO5: Leadership ensures the use of all necessary safety equipment to carry out tasks. 

SCO6: Leadership always insist that all tasks are carried out in a safe manner. 

Safety Climate Employees’ shared 

perceptions about 

work environment in 

terms of safety. 

SCL1: Leadership promotes the need for and benefits of having a safe work environment. 

(SCL) SCL2: Leadership makes arrangements for regular workplace safety training.  

(6 items) SCL3: Leadership organises safety training for processes, tasks and work tools/equipment.    

 SCL4: Leadership provides state-of-the-art safety equipment and procedures. 

 SCL5: Leadership ensures easy access to procedures and instructions related to work. 

 SCL6: Leadership creates a system that supports desired safety culture, processes and policies.   
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3.5 Research Design 

This section describes the research design utilised for this study, including phases and key 

activities specific to this study. The first phase is the quantitative data analysis - which includes 

a description of the quantitative model assessment, the procedures used to develop and 

administer the questionnaire, the sample and sampling strategy and a review of the data analysis 

techniques.  

 

3.5.1 Research Activities 

Research designs are strategic concepts that guide ‘the arrangement of conditions for collection 

and analysis of data in a manner that aims to combine relevance to the research purpose with 

economy in procedure’ (Selltiz et al., 1965, p. 50). The research design can be defined as the 

way in which the research is conducted to best answer the research questions and achieve the 

aim of the study (Durrheim, 1999).  

 

According to Mouton and Marais (1988) the aim of a research design is to plan, and structure 

a given research project in such a manner that the eventual validity of the research findings is 

maximised. A good research design provides the reader with a clear view of what was done, 

why it was done, how it was done, what was found, and what recommendations were made for 

future research (Bryant, 2005).  

   

The research design used for this study is shown in Figure 3.5. The first step involved a 

comprehensive review of the relevant literature to build background knowledge and identify 

research gaps. Research questions and a conceptual model which established the relevant 

constructs and variables were developed based on the literature review. The operationalisation 

of the model assisted in the development of a questionnaire. Data was gathered by seeking 

input from project managers, project supervisors, project safety managers and site 

engineers/supervisors in the oil and gas industry in different companies using the developed 

questionnaire. Then, the first phase of data analysis was undertaken. The conceptual model was 

then assessed and refined further using statistical analyses. This process assisted in achieving 

the research objectives. 
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 Input Research Activity Output 

    

   

 

   

 
Figure 3. 5: Research Design 

 

The activities of this study are illustrated in Figure 3.5, along with the expected outputs. The 

first step is to review the current literature in order to build background knowledge regarding 

the study disciplines, identify a gap in knowledge, and formulate research questions. The 

second step, based on the knowledge acquired from reviewing the literature, is to develop a 

conceptual model. The third step is to develop a well-designed questionnaire. Gathering data 

is the fourth step; it involves seeking input from project managers and/or other employees who 

play the same safety role as project managers in the oil and gas industry. After data is collected, 

statistical analysis is conducted; aiming to interpret the validity of the results of the 
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interrelationships between the dependent, independent and mediating model’s variables. The 

next step is to refine and validate the statistical results. Finally, a conclusion and 

recommendations are provided at the end of the study. 

 

3.5.1.1   Questionnaire Design and Development 

The questionnaire design and layout were an important part of the research process, because 

the questionnaire was the data collection tool for the main phase of this study. To collect 

appropriate and accurate data, the questionnaire and its set of written questions were well 

designed (Schwab 2013; Sekaran 2016). Adhering to strict questionnaire design principles 

assisted in achieving high response rates as well as limiting potential bias. 

 

Questionnaire validity is also an important part of the questionnaire design process. Therefore, 

outcome validity as well as reliability and consistency for the questionnaire items was 

addressed by following the two-step process recommended by Payne (1990) and Schneider & 

Reichens (1983). First, it was important to only select relevant items from previously published 

questionnaires. The second step was to choose ‘descriptive’ not ‘evaluative’' questions (Payne 

1990; Schneider & Reichers 1983). The process also involved omitting overlapping items and 

items deemed to be conceptually inconsistent with the current research topic. Conceptual item 

trimming also decreased the possibility of the confounding effects of common method 

variance. A 5-point Likert-type scale was used to measure the questionnaire items. 

 

The next step was to pre-test the questionnaire to ensure the questions were worded 

appropriately unambiguous and easy to understand (Sekaran 2016). In general, there are two 

kinds of questionnaire pre-testing processes: panel judgements and pilot studies. Panel 

judgements focus on content valid to it, and pilot studies assist in revealing unclear or 

ambiguous items by allowing the researcher to test whether the collected data are usable. This 

study implemented the pilot study process. This process required asking a total of 15 academics 

and industry experts working in the field, to examine each item in the questionnaire to ensure 

questions effectively measured the intended construct.  

  

3.5.1.2  Sampling and Sampling Method 

In terms of the sampling method used for the questionnaire, judgmental sampling was used, 

rather than probability sampling, as this is recommended to save on time and costs (Sekaran, 
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2016). Judgmental sampling — also called purposive sampling or authoritative sampling — is 

a non-probability sampling technique wherein the sample members are chosen only on the 

basis of the researcher's knowledge and professional judgement. Additionally, two selection 

criteria were followed: (1) the main form of business must be oil and gas engineering, and (2) 

the project must have 50 workers or more.  

 

A web-survey mode was the means of survey questionnaire delivery for this research. This 

mode of delivery is preferred out of many alternatives due to its capability of producing 

unbiased responses from participants (Sekaran, 2016). Since the researcher was not present to 

explain the survey instructions as the participants gave their answers, clear guidance had been 

provided to aid respondents in completing the survey (see Appendix B). 

 

To reach out to participants who were representatives of the oil and gas industry, the online 

questionnaire survey was administered via EnergyPeople (2019), which is an online platform 

for oil and gas professionals; with a network of over 3million. The primary reason why the 

platform was targeted is due to the fact that it is responsible for oil and gas marketing and 

recruitment; and provides information, industry news and membership to oil, gas and energy 

professionals globally. EnergyPeople (2019) is a top source for oil and gas news and jobs, 

receiving over 1million visitors monthly. Other benefits for selecting EnergyPeople are 

centered around the ability to reach a bigger audience (high response rate), quick data collection 

and high representativeness.  

 

3.5.1.3  Data analysis 

The collected survey data were analysed using multivariate statistics. Multivariate statistics is 

a subdivision of statistics encompassing the simultaneous observation and analysis of more 

than one outcome variable. This method of analysis was used to achieve three specific 

objectives: (1) gain a sense of the data from the descriptive statistics; (2) examine the reliability 

and validity of the measurement scales using factor structuring constructs and (3) assess and 

refine the conceptual model. 

 

For the descriptive analysis, SPSS software (Version 26) was used to gain an overall picture of 

the data and ensure the data adheres to the statistical assumptions required for multivariate 

analysis. Additionally, the descriptive analysis also provided an appraisal of the respondent 
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profiles and data screening, including means, normality, standard deviations and standard 

errors of the means. Analysis of the survey sample and comparable groups provided broad 

information regarding participant perceptions for each construct.  

 

Cronbach's alpha was used to analyse the measurement scales for reliability and validity. This 

offered a sign of how consistent the responses were across items inside the scale. Item-total 

correlations were employed to evaluate the level to which a particular item was in the right 

place to its scale. Additionally, factor analysis was employed to measure the reliability and 

validity of the scale measurement using Exploratory Factor Analysis (EFA) and Confirmatory 

Factor Analysis (CFA). First, EFA analysed the number of factors required to statistically and 

conceptually represent each model construct, then CFA analysis was used to confirm the EFA 

outcomes and then evaluate and refine the model. As such, EFA enabled the researcher to 

classify the variables, analyse the interrelationships between the variables and explain the 

variables according to their main dimensions (Hair et al., 2006).  

 

Once the measurement scales were analysed for reliability and validity, the conceptual model 

was evaluated to examine the causal relationships between the constructs. This examination 

was conducted using Structural Equation Modelling (SEM) to assess the underlying relations 

of non-experimental data (Lomax & Schumacker 2012). Here, SEM confirmed the casual 

relationships, thus providing internal validity; it is often used in psychology and social sciences 

as it augments multivariate techniques such as factor analysis and multiple regression (Hair et 

al. 2006). Additionally, SEM also provided a crucial link between the confirmatory analysis 

and exploratory phase of the study (Hair et al., 2006). The SEM procedure involved two stages: 

validation of the measurement model and fitting the structural model. The CFA process 

provided the first step, and the second step was achieved using path analysis of the latent 

variables. This study utilised AMOS software (Version 26) to conduct the SEM, as AMOS is 

an extension program for SPSS and provides a reliable and simple way to transfer data.  

 

This phase of the study utilised the statistical analysis of the survey data to assess and refine 

the conceptual model. First, the hypothesised relationships between the model constructs were 

tested to determine if they were true, then relationships that were non-significant were 

eliminated. Next, the model was re-evaluated again to ensure it provided an appropriate 

representation of the survey data.  
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3.6 Chapter Summary 

This chapter presented the research methodology for this study, followed by the research 

questions, hypotheses, and the conceptual model, based on the reviewed literature of the 

relevant elements. The study used a quantitative research method and an integrated 

questionnaire was developed to gather data from project managers working in the oil and gas 

industry. Analysing the conceptual model required several statistical approaches including 

descriptive analyses, EFA, CFA, regression, and SEM, using the SPSS (Version 26) and 

AMOS (Version 26) programs. More details and the results of the analysis steps in this research 

study are presented in Chapters 4 - 6.    
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Chapter 4: Descriptive Data Analysis 
 

This chapter presents the process of preparing the data from the survey for descriptive analysis. 

The main purpose of this analysis was to examine the fundamental characteristics of the data 

ensuring they were suitable for the statistical techniques employed in the subsequent stages. 

The chapter begins with Section 4.1, which provides details of the sample survey and the 

profiles of the respondents. Section 4.2 then describes the data screening techniques and results 

in terms of the normality and outliers of the data set, as well as the standard deviation and 

standard error of the mean. Section 4.3 discusses the preliminary findings of the descriptive 

analyses, as interpreted from the mean values of each variable. Section 4.4 summarises the 

chapter. 

 

4.1 Questionnaire Survey and Respondent Profiles 

4.1.1 Questionnaire Survey 

Over a period of four months between October 2019 and January 2020, a questionnaire survey 

was conducted. A cover letter (see Appendix B) was attached to reveal the targeted participants 

as well as explain the aim and benefits of the research. The questionnaire which was 

administered via EnergyPeople (2019) (an online platform for oil and gas professionals) was 

distributed via email, company platforms and social networks for professionals working in the 

oil and gas industry with safety responsibilities. As the survey was spread through several 

channels, the total number of respondents that accessed the survey is unknown. Nevertheless, 

255 prospective participants completed the questionnaires; 173 responses were considered 

valid for final data analysis — which represents 67.84% of the total collected number. 

However, as organisations in the oil and gas industry generally have projects in various 

locations at the same time (Ketels & Memedovic, 2008), the data collected was treated as a 

single data set. 

 

4.1.2 Respondent Profiles 

The assessment of the respondents’ profiles was conducted to decide whether the sample could 

adequately represent the survey population. Generally, respondents were classified based on 

the following categories: 

• Work role, 
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• Work experience,  

• Organisation type, 

• Project description, and 

• Organisational safety performance level, 

 

As shown in Figure 4.1, the respondents were employed as project managers, project 

supervisors, project safety managers and site engineers/managers (73%), 7%, 17% and 3% 

respectively).  

 

Figure 4. 1: Work Role  

 

Figure 4.2 represents how long each respondent has worked as a project manager/project 

supervisor; which ranges between less than 5 years to over 22 years. Most respondents had 

worked 11–16 years (35%), while 30% worked between 5–10 years; 14% worked for 17–22 

years; 13% worked for less than 5 years; and just 8% had worked for over 22 years.  
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Figure 4. 2: Work Experience as Project Manager/Supervisor 

 

Figure 4.3 shows the years of experience each respondent has in the oil and gas industry; which 

ranges between 5 years to over 22 years. Most respondents had worked between 11–16 years 

(30%). This indicates that most of the respondents are not new to the oil and gas industry. On 

the other hand, 25% had worked for 17–22 years; 17% had worked for 5–10 years; 15% had 

worked for less than 5 years; and just 13% for over 22 years. 

 

Figure 4. 3: Work Experience in the Oil and Gas Industry 
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Figure 4.4 shows the number of years each respondent has worked with their organisation, 

ranging from less than 5 years to over 22 years. Many respondents had worked for their 

organisations for 5–10 years (38%), indicating that most of the respondents did not recently 

join their organisation. However, 31% had worked for less than 5 years; 26% for 11–16 years; 

3% for 17–22 years; and just 2% for over 22 years. 

 

Figure 4. 4: Work Experience with the Organisation 

 

Figure 4.5 indicates the organisations’ years of operation. Most respondents’ organisations had 

been in operation for over 22 years (45%). Thus, most of these organisations were well 

grounded, as they have been in existence for a considerable number of years. Nevertheless, 

22% had been in operation for 11–16 years or 17–22 years; 7% had been in operation for less 

than 5 years; and 4% had been in operation for 5–10 years. 
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Figure 4. 5: Organisation’s Years of Operation 

 

Figure 4.6 shows the organisation types. Most organisations had a presence internationally 

(78%), as most transaction in the oil and gas industry are global. However, 12% of the 

organisations were national; 5% were local (have single office); and 5% were regional. 

 

Figure 4. 6: Organisation Type 

 

Figure 4.7 depicts the types of projects the respondents were working on at the time. Most 

projects were privately owned (95%), while 1% were public. However, 4% were other forms 

of projects — for example, joint ventures.  
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Figure 4. 7: Project Type 

 

With regards to staff strength (Figure 4.8), most projects had 50–100 staff (74%) at their current 

location. Furthermore, 13% had 101–150 staff, 6% had 151–200 staff and 7% had over 200 

staff. 

 

 

Figure 4. 8: Staff Strength 
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For the safety responsibility (Figure 4.9) on current projects, 71% of the respondents were 

responsible for safety both directly and indirectly; while 17% were only directly responsible 

and 12% were only indirectly responsible. 

 

Figure 4. 9: Safety Responsibility 

 

By comparing previous projects of similar size, most respondents (49%) viewed the safety 

performance (Figure 4.10) of the current project as better. However, 35% viewed the safety 

performance as the same, while 16% viewed the outcome as worse.  

 

Figure 4. 10: Safety Performance 
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As shown in Figure 4.11, most respondents were satisfied (57%) with the rate of incident 

reporting. However, 28% viewed the rate as fair and 15% viewed the rate as unsatisfactory.  

 

Figure 4. 11: Incident Reporting 

 

 4.2 Data Screening 

4.2.1 Missing Data Analysis 

Missing values are not unusual in data sets which could be a challenge for researchers when 

assessing the reliability of the data (Kline, 2015). Statistical inference based on incomplete data 

typically involves certain assumptions for the missing-data mechanism. The validity of these 

assumptions requires formal evaluation before any further analysis. However, for this study, 

none of the 173 complete, collected surveys include missing values.  

 

4.2.2 Normality Assessment 

The normality assessment is used to determine if sample data have been drawn from a normally 

distributed population; within a certain tolerance. As many statistical analyses (e.g. correlation 

and regression) are based on the assumption of normality, it is essential to ensure that the data 

set is normally distributed. This assurance can be achieved through two main approaches, either 

numerically or visually. For the numerical approach, many researchers use skewness and 

kurtosis for testing normality. The skewness is the asymmetry in a statistical distribution, while 

kurtosis is the sharpness of the peak of a frequency distribution curve. The range of values 

of skewness and kurtosis for normal distribution are (−1,1) for skewness and (−2,2) standard 
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deviations for kurtosis (Hair et al., 2006 and Bryne et al., 2010). Nonetheless, some say (−1.96, 

1.96) for skewness is an acceptable range. Thus, from the descriptive statistics presented in 

Tables 4.1 to 4.9, all values for skewness and kurtosis fell between the -2 and +2 standard 

deviations (which are within the range of normality) (Allen et al., 2014). 

 

4.2.3 Outlier Screening 

In statistics, an outlier is a data point that differs significantly from other observations (Hair et 

al., 2006). An outlier may be due to variability in the measurement or it may indicate 

experimental error; the latter is usually excluded from the data set. Detecting outliers in a 

dataset is essential in data analysis as outliers can potentially affect the mean and inflate the 

standard deviation (SD) (Field, 2013). To detect outliers in the current study, all the values of 

the 61 variables for all cases (173) were converted into standardised z-scores. Those values 

with absolute z-scores (|z|) greater than 3.29 were considered outliers (Allen et al., 2014). 

Additionally, the difference between the mean and the ‘5% trimmed mean’ were examined to 

ensure the outliers did not significantly distort the data. Five percent trimmed mean is the mean 

after removing the highest and lowest 5% of the entire case of a variable. If the difference 

between the mean and 5% trimmed mean is greater than 0.20, then outliers could be a problem 

for the data. For this data set, items LB6 and LB7 both had percentages of outliers that were 

1.1%; above the 1% margin. This is approximately 1% (0 decimal place) and the 5% trimmed 

mean was not greater than 0.2. Thus, the detected outliers were not considered an issue for the 

data set.   

 

4.2.4 Standard Deviation and Standard Errors of the Mean 

The standard deviation (SD) measures the amount of variability, or dispersion, for a subject set 

of data from the mean, while the standard error of the mean measures how far the 

sample mean of the data is likely to be from the true population mean. The SD is interpreted 

by its size. If the SD is large, the observed data are not a good representation of the population 

because the data are spread far from the mean. On the other hand, if the SD is small, the 

observed data could be considered representative of the population because it indicates the data 

are located closely around the mean. The standard error, or standard error of the mean, of 

multiple samples is the standard deviation of the sample means, and thus gives a measure of 

their spread. The standard error is a statistical term that measures the accuracy with which a 
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sample distribution represents a population by using standard deviation (Field, 2013). For 

standard errors of the mean, a large value indicates the variation of the different samples’ means 

is large. Thus, the sample does not represent the population adequately. On the contrary, a 

small value indicates that the sample mean is close to the population mean. Therefore, the 

sample represents the population adequately. The results in the Tables 4.1 to 4.9 show that all 

the standard errors in this study were not too large to reject the data. Thus, the mean value for 

each variable can be considered a good representation of the data set. Additionally, the small 

standard errors of the mean values mean that the sample was representative of the population.  
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Table 4. 1: Descriptive statistics of the Leadership Behaviour (LB) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

LB1 Leadership reinforces workers’ safe behaviours. 0.0% 3.97 4.08 0.11 0.089 4.00 1.181 -1.194 0.672 1 5 

LB2 Leadership participates in workforce safety activities. 0.0% 3.93 4.04 0.10 0.078 4.00 1.045 -1.247 1.313 1 5 

LB3 

Leadership encourages employees to be actively involved in 

safety initiatives. 

0.0% 4.09 4.19 0.10 0.076 4.00 1.010 -1.180 1.047 1 5 

LB4 

Leadership demonstrates visible and consistent commitment to 

safety. 

0.0% 3.85 3.94 0.09 0.081 4.00 1.081 -1.050 0.616 1 5 

LB5 
Leadership constantly relays the importance of corporate vision 

for safety to supervisors. 

0.0% 4.03 4.10 0.07 0.071 4.00 0.947 -0.863 0.291 1 5 

LB6 

Leadership encourages participatory styles by middle managers 

and supervisors. 

1.1% 4.07 4.15 0.08 0.065 4.00 0.870 -0.975 1.061 1 5 

LB7 

Leadership ensures compliance with safety regulatory 

requirements. 

1.1% 4.16 4.25 0.09 0.069 4.00 0.921 -1.031 0.702 1 5 

LB8 

Leadership provides resources for comprehensive safety 

programmes. 

0.0% 3.98 4.04 0.07 0.074 4.00 0.986 -0.814 0.017 1 5 

LB9 Leadership allots adequate time for safety. 0.0% 3.92 3.97 0.06 0.076 4.00 1.008 -0.768 -0.155 1 5 

LB10 Leadership is actively involved in safety initiatives. 0.6% 3.98 4.04 0.07 0.067 4.00 0.895 -0.720 0.344 1 5 

LB11 Leadership emphasises safety over productivity. 0.0% 3.78 3.84 0.06 0.084 4.00 1.122 -0.661 -0.515 1 5 

LB12 Leadership is proactive with regards to safety matters. 0.0% 3.90 3.96 0.06 0.072 4.00 0.955 -0.831 0.223 1 5 

LB13 

Leadership taps into team members’ potentials to promote a 

safe environment. 

0.0% 3.96 4.02 0.06 0.070 4.00 0.929 -0.691 0.091 1 5 

LB14 Leadership and team processes on safety are dynamic and fluid. 0.0% 3.69 3.76 0.08 0.084 4.00 1.126 -0.699 -0.232 1 5 

LB15 

Leadership structure is designed so any one can take the lead 

when the need arises. 

0.0% 3.78 3.87 0.09 0.086 4.00 1.141 -0.945 0.110 1 5 
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Table 4. 2: Descriptive statistics of the Connectivity (CON) variables  

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

CON1 Leadership fosters relationship within teams. 0.0% 3.89 3.96 0.07 0.084 4.00 1.114 -0.841 -0.209 1 5 

CON2 Leadership encourages co-learning among employees. 0.0% 3.84 3.91 0.07 0.083 4.00 1.110 -0.774 -0.303 1 5 

CON3 Leadership promotes workers’ participation. 0.0% 3.90 3.98 0.08 0.084 4.00 1.123 -0.850 -0.232 1 5 

CON4 Leadership provides open channels for communication. 0.0% 3.86 3.93 0.07 0.083 4.00 1.114 -0.811 -0.259 1 5 

CON5 Leadership spends time teaching and coaching. 0.0% 3.75 3.82 0.07 0.085 4.00 1.139 -0.742 -0.363 1 5 

CON6 Leadership endorses openness and honesty. 0.0% 3.84 3.92 0.09 0.085 4.00 1.136 -0.892 -0.017 1 5 

CON7 Leadership has a strong sense of clarity and purpose. 0.0% 3.91 4.01 0.10 0.086 4.00 1.141 -0.975 0.123 1 5 

CON8 

Leadership creates clearly defined and widely held values 

and beliefs. 

0.0% 3.87 3.96 0.09 0.085 4.00 1.140 -0.947 0.060 1 5 

 

 
Table 4. 3: Descriptive statistics of the Interdependence (INT) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

INT1 

Leadership champions building of trust among team 

members. 

0.0% 3.70 3.77 0.07 0.083 4.00 1.103 -0.691 -0.276 1 5 

INT2 Leadership upholds the spirit of cooperation. 0.0% 3.76 3.83 0.07 0.085 4.00 1.130 -0.687 -0.444 1 5 

INT3 

Leadership emphasises team-orientation efforts and 

success. 

0.0% 3.76 3.82 0.07 0.084 4.00 1.116 -0.692 -0.380 1 5 

INT4 

Leadership has a strong network of projects that share 

best practices. 

0.0% 3.70 3.76 0.06 0.081 4.00 1.082 -0.655 -0.295 1 5 
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Table 4. 4: Descriptive statistics of the Feedback (FBK) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

FBK1 Leadership views mistakes as opportunities for learning.  0.0% 3.71 3.78 0.07 0.084 4.00 1.122 -0.713 -0.261 1 5 

FBK2 

Leadership always welcomes suggestions to improve 

safety.  

0.0% 3.81 3.87 0.07 0.082 4.00 1.098 -0.700 -0.349 1 5 

FBK3 

Leadership carefully reviews lessons learnt and works on 

them. 

0.0% 3.74 3.78 0.04 0.082 4.00 1.096 -0.527 -0.738 1 5 

FBK4 Leadership is ever ready to take up new challenges. 0.0% 3.76 3.81 0.05 0.080 4.00 1.069 -0.612 -0.538 1 5 

FBK5 

Leadership is quick to deploy or redeploy resources to 

support executions of ideas/initiatives. 

0.0% 3.67 3.71 0.04 0.078 4.00 1.040 -0.458 -0.598 1 5 

 
 

 

Table 4. 5: Descriptive statistics of the Exploration-of-the-space-of-possibilities (EXP) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

EXP1 

Leadership is open to take advantage of new 

opportunities. 

0.0% 3.75 3.79 0.04 0.080 4.00 1.073 -0.508 -0.767 1 5 

EXP2 Leadership always welcomes new ideas/options. 0.0% 3.75 3.79 0.04 0.078 4.00 1.046 -0.526 -0.651 1 5 

EXP3 

Leadership encourages team members to try new 

strategies that might have an impact on SO. 

0.0% 3.64 3.67 0.03 0.081 4.00 1.076 -0.452 -0.767 1 5 

EXP4 

Leadership prompts team members to continuously seek 

ways to improve SO. 

0.0% 3.73 3.77 0.04 0.081 4.00 1.087 -0.514 -0.817 1 5 

EXP5 Leadership encourages safety initiatives. 0.0% 3.80 3.84 0.05 0.081 4.00 1.081 -0.594 -0.700 1 5 

EXP6 

Leadership promotes professional development 

programmes that will enhance SO. 

0.0% 3.71 3.75 0.04 0.082 4.00 1.090 -0.494 -0.851 1 5 
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Table 4. 6: Descriptive statistics of the Co-evolution (COE) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

COE1 

Leadership facilitates ongoing changes within the 

organisation. 

0.0% 3.70 3.73 0.03 0.079 4.00 1.051 -0.516 -0.702 1 5 

COE2 Leadership influences other team members. 0.0% 3.74 3.79 0.05 0.079 4.00 1.053 -0.641 -0.455 1 5 

COE3 Leadership is influenced by other team members. 0.0% 3.61 3.65 0.04 0.080 4.00 1.064 -0.496 -0.513 1 5 

COE4 

Leadership and team members work to accommodate 

changes in the organisation.  

0.0% 3.66 3.69 0.04 0.079 4.00 1.053 -0.511 -0.626 1 5 

COE5 

Leadership seeks new information that will improve the 

safety of the work environment.  

0.0% 3.69 3.73 0.04 0.080 4.00 1.068 -0.537 -0.646 1 5 

 

 
Table 4. 7: Descriptive statistics of the Safety Participation (SPA) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

SPA1 

Leadership encourages team members to participate in 

safety programmes. 

0.0% 3.92 3.99 0.07 0.081 4.00 1.081 -0.792 -0.326 1 5 

SPA2 

Leadership influences team members to voluntarily carry 

out activities that improve workplace safety.  

0.0% 3.89 3.95 0.06 0.081 4.00 1.078 -0.731 -0.403 1 5 

SPA3 

Leadership creates a platform to formally advise 

management on safety-related matters. 

0.0% 3.88 3.94 0.06 0.079 4.00 1.054 -0.758 -0.257 1 5 

SPA4 

Leadership prompts team members to help others when 

they are working in unsafe conditions.  

0.0% 3.94 4.01 0.07 0.081 4.00 1.080 -0.830 -0.259 1 5 

SPA5 

Leadership insists on attendance of safety meetings or 

workshops.  

0.0% 3.87 3.93 0.06 0.082 4.00 1.094 -0.708 -0.503 1 5 

SPA6 

Leadership inspires team members to promote safety 

programmes in the workplace.   

0.0% 3.88 3.95 0.07 0.083 4.00 1.101 -0.766 -0.351 1 5 
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Table 4. 8: Descriptive statistics of the Safety Compliance (SCO) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

SCO1 

Leadership ensures that team members comply with 

safety initiatives. 

0.0% 3.94 4.01 0.07 0.081 4.00 1.085 -0.870 -0.114 1 5 

SCO2 

Leadership ensures the highest level of safety 

compliance (industry standard).  

0.0% 3.92 3.99 0.07 0.083 4.00 1.104 -0.800 -0.312 1 5 

SCO3 

Leadership compels all team members to follow all 

safety rules. 

0.0% 3.96 4.03 0.08 0.084 4.00 1.119 -0.865 -0.274 1 5 

SCO4 

Leadership provides all necessary safety equipment to 

carry out tasks. 

0.0% 3.92 3.99 0.07 0.084 4.00 1.083 -0.829 -0.175 1 5 

SCO5 

Leadership ensures the use of all necessary safety 

equipment to carry out tasks. 

0.0% 3.93 4.00 0.07 0.080 4.00 1.068 -0.865 -0.044 1 5 

SCO6 

Leadership always insist that all tasks are carried out in a 

safe manner. 

0.0% 3.97 4.04 0.08 0.082 4.00 1.089 -0.862 -0.147 1 5 

 

 

Table 4. 9: Descriptive statistics of the Safety Climate (SCL) variables 

Variable Description 
Cases with 

lzl>3.29 
Mean 

5% Trimmed 

Mean 
ΔMean 

Std. Error 

of Mean 
Median 

Std. 

Deviation 
Skewness Kurtosis Min. Max. 

SCL1 

Leadership promotes the need for and benefits of 

having a safe work environment. 

0.0% 3.96 4.03 0.08 0.080 4.00 1.067 -0.897 0.016 1 5 

SCL2 

Leadership makes arrangements for regular workplace 

safety training.  

0.0% 3.89 3.96 0.07 0.082 4.00 1.089 -0.784 -0.269 1 5 

SCL3 

Leadership organises adequate safety training for 

processes, tasks and work tools/equipment.    

0.0% 3.88 3.95 0.07 0.080 4.00 1.070 -0.798 -0.162 1 5 

SCL4 

Leadership provides state-of-the-art safety equipment 

and procedures. 

0.0% 3.78 3.83 0.06 0.080 4.00 1.066 -0.644 -0.378 1 5 

SCL5 

Leadership ensures easy access to procedures and 

instructions related to work. 

0.0% 3.88 3.94 0.07 0.080 4.00 1.072 -0.809 -0.157 1 5 

SCL6 

Leadership creates a system that supports the desired 

safety culture, processes and policies.   

0.0% 3.83 3.90 0.07 0.082 4.00 1.099 -0.838 -0.080 1 5 
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4.3 Preliminary Findings  

This section sheds light on assessing and discussing the mean values of all 61 variables. Tables 

4.1 to 4.9 present the mean values. The mean values ranged between one and five where one 

(1) represented the lowest score and five (5) indicated the highest score. 

 

4.3.1 Leadership Behaviours 

The mean values of the LBs seem to be high, with a range from 3.69 to 4.16 (Table 4.1). 

Particularly, the survey participants agreed that leadership ensures compliance with safety 

regulatory requirements, showing the highest mean value of 4.16 (LB7) and also encourages 

participatory styles in middle managers and supervisors, a mean value of 4.07 (LB6). 

Therefore, LBs are involved in attaining safety and encouraging team members to do the same 

at all levels. Interestingly, despite leadership ensures compliance, the process for achieving this 

(LB14) has the lowest mean value of 3.69. Thus, even though leadership encourages safety at 

all levels, the process for attaining this lacks the potential to achieve its goal.   

 

4.3.2 Principles of Complexity Science 

4.3.2.1  Connectivity 

The mean values for connectivity are high, with a range from 3.75 to 3.91 (Table 4.2). 

Leadership is perceived as having a sense of clarity and purpose (CON7) as indicated by the 

highest mean values of 3.91 which demonstrates consistent connectivity. On the other hand, 

leadership does not seem to have much influence in the organisations with regards to safety on 

matters around spending time teaching and coaching; as indicated by the lowest mean value of 

3.75 (CON5). 

 

4.3.2.2  Interdependence 

All the mean values for interdependence are moderately high, ranging from 3.70 to 3.76 (Table 

4.3). More specifically, the respondents agreed that leadership highly upholds the spirit of 

cooperation (INT2) and emphasises team-orientation efforts and successes (INT3) with the 

highest mean values of 3.76 each. However, ‘leadership champions the building of trust among 
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team members’ (INT1) and ‘leadership has a strong network of projects that share best 

practices’ (INT4) both have the lowest mean values of 3.70 respectively. 

 

4.3.2.3  Feedback 

The responses for ‘leadership always welcome suggestions to improve safety’ (FBK2) have 

the highest mean score of 3.81 (Table 4.4). However, the responses for leadership is quick to 

deploy or redeploy resources to support execution of ideas/initiatives (FBK5) have the lowest 

mean scores of 3.67. 

 

4.3.2.4  Exploration-of-the-space-of-possibilities 

The highest mean values from the responses received for exploration-of-the-space-of-

possibilities was 3.80 (EXP5) for leadership encourages safety initiatives (Table 4.5). 

Leadership is open to take advantage of new opportunities (EXP1) and leadership always 

welcome new ideas/options (EXP2) also have high mean scores of 3.75 each. Leadership 

encourages team members to try new strategies that might impact safety outcomes (EXP3) has 

the lowest mean of 3.64. 

 

4.3.2.5  Co-evolution 

The value for ‘leadership influences other team members’ (COE2) is the highest at 3.74, 

followed by leadership facilitates ongoing changes within the organisation (COE1) with a mean 

value of 3.70 (Table 4.6). Leadership is influenced by other team members (COE3) has the 

lowest mean score of 3.61. 

 

4.3.3 Safety Outcomes 

4.3.3.1  Safety Participation 

All mean values for safety participation are high ranging between 3.87 and 3.94 (Table 4.7). 

The respondents simultaneously agreed that ‘leadership prompts team members to help others 

when they are working under unsafe conditions’ (SPA4) with the highest mean value of 3.94; 

followed by ‘leadership encourages team members to participate in safety programmes’ 

(SPA1), with mean values of 3.92. The lowest mean score is for ‘leadership insists on the 

attendance of regular safety meetings or workshops arranged by the management’ (SPA5) at 

3.87; which can be referred to as a supposedly effective tool for driving participation.   
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4.3.3.2  Safety Compliance 

Overall, the mean values for safety compliance are quite ranging between 3.92 and 3.97 (Table 

4.8). The highest mean value (3.97) is for ‘leadership always insists that all tasks are carried 

out in a safe manner’ (SCO6), while the lowest mean values (3.92) are for ‘leadership ensures 

the highest level of safety compliance (industry standard)’ (SCO2) and ‘leadership provides all 

necessary safety equipment to carry out tasks’ (SCO4). 

 

4.3.3.3  Safety Climate 

From Table 4.9, the responses to leadership promotes the need for and benefits of having a safe 

work environment (SCL1) have the highest mean score of 3.96, while responses to leadership 

provides state-of-the-art safety equipment and procedures (SCL4) have the lowest mean score 

of 3.78. 

 

4.4 Chapter Summary 

This chapter has discussed the descriptive data analysis which provided an understanding of 

the data collected from the questionnaire survey of individuals working in the oil and gas sector. 

Examining the profiles of the 173 respondents revealed that the opinions given by these 

respondents provided consistent and unbiased information regardless of their current job 

positions, experiences, and the types of projects in which they were involved. The collected 

data set was screened to ensure it had an acceptable normal distribution. Further assessment of 

the SD and SE of the mean indicated the mean value could be used as a representative value 

for each variable; thus, the sample used in the current study adequately represented the 

population. An assessment of the constructs of the conceptual model was undertaken by 

measurement scale analysis, which is presented in the next chapter (Chapter 5). 
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Chapter 5: Measurement Scale Analysis 
 

The aim of this chapter is to discuss the results and explore the measurement scales used to 

support the constructs of the proposed conceptual model. All the measurement scales were 

evaluated and processed to reveal their factor structures by performing factor analysis. Factor 

analyses were performed on each scale to uncover and confirm the factor structures 

representing each individual model construct — an essential step prior to assessing the 

conceptual model. The chapter commences with Section 5.1, which presents the details and 

results of the analysis of scale reliability through the assessment of internal consistency and 

item-total correlations. Section 5.2 details the procedures and presents the results of the EFA 

conducted to uncover the appropriate factor structures of the model construct, as well as assess 

the common method variance. Section 5.3 then presents the details and results of the CFA 

which was employed to confirm and refine the identified structure of each model construct to 

ensure its reliability and validity. Section 5.4 summarises the chapter. 

 

5.1 Scale Reliability  

Nine independent scales were used in the survey questionnaire to measure the conceptual 

models’ constructs (see Figure 3.1) — Leadership Behaviours (LB), Connectivity (CON), 

Interdependence (INT), Feedback (FBK), Exploration-of-the-space-of-possibilities (EXP), 

Co-evolution (COE), Safety Participation (SPA), Safety Compliance (SCO) and Safety Climate 

(SCL). To ensure that such a set of measurement scales consistently and accurately captured 

the meaning of the model constructs, an analysis of scale reliability was performed through an 

assessment of internal consistency and item-total correlations. 

 

5.1.1 Internal Consistency 

Internal consistency refers to the degree to which responses are consistent across the items 

(variables) within a single measurement scale (Kline, 2015). Internal consistency is a measure 

based on the correlations between different items on the same test (or the same subscale on a 

larger test). It measures whether several items that propose to measure the same general 

construct produce similar scores. To achieve this measurement, the Cronbach’s alpha is one of 

the most common measures. The coefficient of Cronbach’s alpha estimates the correlation of 

a set of items. Thus, having a low Cronbach’s alpha means that items (variables) may not be 

enough to represent the measure, such as a construct (Kline, 2005). Therefore, a higher level 
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of Cronbach’s alpha coefficient is demanded. The levels that are considered for internal 

consistency are 0.6 and higher. As a guideline, Hair et al. (2006) suggested that an alpha 

coefficient level of about 0.7 is adequate, around 0.8 is good, and 0.9 is excellent. 

 

The Cronbach’s alphas of the measurement scales are presented in Table 5.1. The nine scales’ 

Alpha values ranged from 0.917 to 0.980, which were considered excellent and exceed the 

acceptable level (0.6). Thus, the results of internal consistency indicate that the variables 

captured the meaning of their relevant constructs. 

 

Table 5. 1: Cronbach's Alpha of measurement scales 

Construct’s Measurement Scale No. of Variables Cronbach’s Alpha (α) 

Leadership Behaviours (LB) 15 0.946 

Connectivity (CON) 8 0.968 

Interdependence (INT) 4 0.929 

Feedback (FBK) 5 0.917 

Exploration-of-the-space-of-possibilities (EXP) 6 0.929 

Co-evolution (COE) 5 0.971 

Safety Participation (SPA) 6 0.960 

Safety Compliance (SCO) 6 0.948 

Safety Climate (SCL) 6 0.980 

 

5.1.2 Item-total Correlations 

According to Lu et al. (2007), item-total correlation refers to the correlation between an item 

(variable) and the total score of all variables that build the construct. The correlation should be 

high if each variable correlates with the entire construct score. Therefore, the variable that does 

not correlate with the entire construct score should be deleted. This approach helps to avoid 

unnecessary variables that are not consistent with the defined constructs. The item-total 

correlation’s value, in SPSS, is corrected. In other word, the variable score is excluded from 

the entire construct score when it is calculated. 

 

Field (2013) suggested that the variable should be removed if its corrected item-total 

correlation value is less than 0.3. The results of corrected item-total correlations are presented 

in Table 5.2 — 5.10. The tables show that all the corrected item-total correlations of the 

variables were above 0.3. Thus, none of the variables were eliminated and all the variables 

within the nine constructs were defined as belonging to the constructs. 
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Table 5. 2: Item-total correlation of the LB variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

LB1 0.615 0.945 

LB2 0.669 0.943 

LB3 0.713 0.942 

LB4 0.745 0.942 

LB5 0.742 0.942 

LB6 0.746 0.942 

LB7 0.739 0.942 

LB8 0.704 0.943 

LB9 0.698 0.943 

LB10 0.769 0.941 

LB11 0.778 0.941 

LB12 0.764 0.941 

LB13 0.755 0.942 

LB14 0.622 0.945 

LB15 0.717 0.942 

 

 

 

Table 5. 3: Item-total correlation of the CON variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

CON1 0.859 0.965 

CON2 0.854 0.965 

CON3 0.890 0.963 

ON4 0.885 0.964 

CON5 0.877 0.964 

CON6 0.868 0.965 

CON7 0.882 0.964 

CON8 0.887 0.963 
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Table 5. 4: Item-total correlation of the INT variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

INT1 0.807 0.916 

INT2 0.870 0.895 

INT3 0.836 0.907 

INT4 0.823 0.911 

 

 
Table 5. 5: Item-total correlation of the FBK variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

FBK1 0.788 0.898 

FBK2 0.792 0.897 

FBK3 0.802 0.895 

FBK4 0.840 0.887 

FBK5 0.712 0.913 

 

 

Table 5. 6: Item-total correlation of the EXP variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

EXP1 0.706 0.927 

EXP2 0.780 0.918 

EXP3 0.843 0.910 

EXP4 0.873 0.905 

EXP5 0.786 0.917 

EXP6 0.775 0.919 

 

 

 

Table 5. 7: Item-total correlation of the COE variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

COE1 0.885 0.968 

COE2 0.907 0.965 

COE3 0.937 0.960 

COE4 0.929 0.961 

COE5 0.915 0.963 
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Table 5. 8: Item-total correlation of the SPA variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

SPA1 0.862 0.954 

SPA2 0.891 0.951 

SPA3 0.893 0.951 

SPA4 0.904 0.950 

SPA5 0.867 0.954 

SPA6 0.829 0.958 

 

 

Table 5. 9: Item-total correlation of the SCO variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

SCO1 0.841 0.938 

SCO2 0.851 0.937 

SCO3 0.889 0.933 

SCO4 0.838 0.939 

SCO5 0.834 0.939 

SCO6 0.791 0.944 

 

 

 

Table 5. 10: Item-total correlation of the SCL variables 

Variable 

Corrected Item-Total 

Correlation 

Cronbach's Alpha if 

Item Deleted 

SCL1 0.855 0.983 

SCL2 0.867 0.982 

SCL3 0.957 0.973 

SCL4 0.966 0.972 

SCL5 0.974 0.971 

SCL6 0.969 0.972 

 

5.2 Exploratory Factor Analysis   

Sequel to assessing the scale reliability, a statistical method called Exploratory Factor Analysis 

(EFA) was used to assess the validity of the measurement scale (Hair et al. 2006). This 

statistical method was used to uncover the underlying structure of a relatively large set of 

variables. The aim of using EFA was to reveal both the conceptual and statistical factors that 

will underline the group of items under each model construct. The goal is to identify underlying 

relationships between measured variables. The EFA technique allows a number of functions; 
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some of which are the recognition of suitable variables, examining the relationship and 

connection between many variables, and explaining these variables in regard to the common 

fundamental aspects they hold. This technique was used to provide important information about 

the valid factor structure of every model construct. The EFA was conducted separately on all 

nine constructs; namely, leadership behaviours, connectivity, interdependence, feedback, 

exploration-of-the-space-of-possibilities, co-evolution, safety participation, safety compliance 

and safety climate. The details of the analysis are provided in the following sections (5.2.1 — 

5.2.5). 

 

5.2.1 Factorability of Data 

The factorability refers to the data’s eligibility to be factorized in terms of variables’ inter-

correlation to each other. It allows the possibility of exploring sub-constructs. The Kaiser-

Meyer-Olkin (KMO) test and Bartlett’s test of sphericity are commonly used measures to check 

factorability. The KMO is an index to determine whether linear relationships between variables 

exist, while Bartlett’s test of sphericity examines whether the correlation matrix was identified 

(Hair et al., 2006). 

 

Table 5.11 demonstrates that all nine constructs had KMO values greater than 0.60, which  

is the minimum acceptable agreement level. The values ranged from 0.829 to 0.926. Therefore, 

these results were good and indicated sampling adequacy. As for Bartlett’s test of sphericity, 

all the statistical values were significant at p < 0.001. Thus, there were adequate relationships 

between the variables. The conclusion of these results confirmed the factorability of each 

construct for conducting the EFA. 
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Table 5. 11: KMO and Bartlett's test of sphericity 

Construct KMO 
Bartlett's Test of Sphericity 

Approx. Chi-Square df Sig. 

Leadership Behaviours (LB) 0.895 2071.872 105 0.000 

Connectivity (CON) 0.926 1688.989 28 0.000 

Interdependence (INT) 0.824 559.463 6 0.000 

Feedback (FBK) 0.835 642.717 10 0.000 

Exploration-of-the-space-of-possibilities (EXP) 0.870 856.906 15 0.000 

Co-evolution (COE) 0.910 1163.472 10 0.000 

Safety Participation (SPA) 0.911 1184.773 15 0.000 

Safety Compliance (SCO) 0.891 1028.071 15 0.000 

Safety Climate (SCL) 0.926 2072.049 15 0.000 

 

5.2.2 Factor Extraction and Rotation 

The EFA follows two fundamental steps to produce an adequate solution, explaining an  

appropriate number of factors to exemplify a construct. These steps are as follows:  

(1) factor extraction and  

(2) factor rotation and interpretation.  

The first step aims to identify the adequacy of the number of factors through a particular method 

and criterion, whereas the second step attempts a better interpret a suggested factor solution. 

 

To execute the factor extraction, a PCA was employed in this research study. The PCA is an 

extraction method usually used for defining the factors needed to describe the variables’ 

structures. Four criteria were considered to this: (1) latent root (eigenvalue); (2) Catell’s scree 

test; (3) percentage of variance; and (4) priori criterion (Hair et al., 2007).   

 

The latent root criterion simply suggests that a factor is considered significant if its eigenvalue 

is greater than 1. Otherwise, the factor should be neglected. Catell’s scree test is a graphical 

representation of eigenvalues versus the number of factors in their extraction order. The 

number of factors that should be extracted is identified by determining the point that suddenly 

changes in the graph curve. As for the percentage of variance criterion, it secures the 

significance of the identified factors explained by variance percentages. Usually, a solution is 

considered if it accounts for 60% or less of the total variance (Hair et al., 2006).  
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The priori criterion is the original known number of factors before performing the factor 

analysis. It is a particularly appropriate method if the aim of the study is to replicate another 

research study. The factor number was then extracted by combining empirical evidence along 

with theoretical foundation; since relying only on statistical results could contrast with the 

fundamentals, which can be neglected (Hair et al., 2006).  

 

Hair et al. (2006) noted that it is important to test the factor loading after the factors are 

extracted. The initial factor solution is not the appropriate choice because most of the important 

factors will share most of the variables. For this reason, a rotated factor was employed to 

overcome this situation. The Varimax orthogonal rotation method was suggested due to its 

simplicity as well as its common use by researchers (Tabachnick and Fidell, 2007).   

 

Then, specific criteria were applied to interpret the significance of the factor loading. A variable 

should have a 0.50 factor loading level to be included. Moreover, if a variable has a factor 

loading of 0.50 or greater in two factors (this situation is called cross-loading), then the 

difference between the loading values should be greater than 0.20 to avoid exclusion. The 

following sections demonstrate in detail the EFA results (Tabachnick and Fidell, 2007). 

 

5.2.3 Exploratory Factor Analysis Results 

Based on the previously discussed criteria, all nine constructs (LB, CON, INT, FBK, EXP, 

COE, SPA, SCO and SCL) were processed through the EFA analysis by using the SPSS 

program.  

 

5.2.3.1  Leadership Behaviours (LB) construct results 

In these results, the scree test recognised three principal components (subfactors) that have 

eigenvalues greater than 1. These three components explain 57.98% of the total variance for 

the LB construct. The scree plot shows that the eigenvalues start to form a straight line after 

the third principal component. Table 5.12 demonstrates the patterns of the rotated component 

matrix, which shows that all the variables were found to exceed the threshold level of 0.5. One 

variable was deleted due to its failure to reach the acceptable level (LB14: 0.458). Another 

variable LB3 was deleted due to cross-loading. The three factors identified from the remaining 

13 variables are: 



 
 
  
 

81  

• EELB: Empowering & Engaging LB (6 variables; Component 1) 

• MRLB: Modelling & Reinforcing LB (3 variables; Component 2) 

• PELB: Promoting & Enabling LB (4 variables: Component 3) 

 

Table 5. 12: Rotated factor loading of the LB construct 

Variable 
Rotated Component 

1 2 3 

LB12 0.786 
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LB13 0.740 

LB5 0.658 

LB15 0.634 

LB6 0.602 

LB11 0.508 

LB4  0.842 
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LB1 0.786 

LB2 0.775 

LB14  
 

LB8 

 

P
ro
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o
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g
 &

 

E
n

ab
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0.744 

LB10 0.674 

LB7 0.578 

LB9 0.553 

LB3  
 

 
 

5.2.3.2  Connectivity (CON) construct results 

Both the scree test and eigenvalue suggested that one factor should be extracted from the 

connectivity (CON) construct. This factor explained 82.00% of the total variance.  However, 

the solution for this construct cannot be rotated. Table 5.13 demonstrates the patterns of the 

rotated component. The factor derived from the eight variables as follows: 

• CON: Connectivity (8 variables; Component 1) 
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Table 5. 13: Rotated factor loading of the CON construct 

Variable 
Rotated Component 

1   

CON3 0.905 

C
o

n
n

ectiv
ity 

CON8 0.902 

CON4 0.902 

CON7 0.897 

CON5 0.895 

CON6 0.885 

CON1 0.874 

CON2 0.870  

 

5.2.3.3  Interdependence (INT) construct results 

For the interdependence (INT) construct both the scree test and eigenvalue suggested that one 

factor should be extracted. This factor explained 82.42% of the total variance.  However, the 

solution for this constructed cannot be rotated. Table 5.14 demonstrates the patterns of the 

component matrix, showing that all the variables were found to significantly exceed the 

threshold level of 0.5. The only factor derived from the four variables is below: 

• INT: Interdependence (4 variables; component 1) 

 

Table 5. 14: Rotated factor loading of the INT construct 

Variable 
Rotated Component 

1   

INT2 0.919 

In
terd

ep
en

d
en

ce 

INT3 0.881 

INT4 0.852 

INT1 0.847 
  

 

5.2.3.4  Feedback (FBK) construct results 

As for the feedback (FBK) construct, both the scree test and eigenvalue suggested that one 

factor should be extracted. This factor explained 75.12% of the total variance.  However, the 

solution for this constructed cannot be rotated. Table 5.15 demonstrates the patterns of the 

component matrix, which shows that all the variables were found to significantly exceed the 

threshold level of 0.5. Thus, only one factor was derived from the five variables: 

• FBK: Feedback (5 variables; component 1) 
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Table 5. 15: Rotated factor loading of the FBK construct 

Variable 
Rotated Component 

1   

FBK4 0.873 

F
eed

b
ack

 

FBK3 0.853 

FBK2 0.842 

FBK1 0.828 

FBK5 0.754 

 

5.2.3.5  Exploration-of-the-space-of-possibilities (EXP) construct results 

For the exploration-of-the-space-of-possibilities (EXP) construct both the scree test and 

eigenvalue suggested that one factor should be extracted. This factor explained 74.07% of the 

total variance. However, the solution for this constructed cannot be rotated. Table 5.16 

demonstrates the patterns of the component matrix, showing that all the variables were found 

to significantly exceed the threshold level of 0.5. Therefore, only one factor was derived from 

the six variables: 

• EXP: Exploration-of-the-space-of-possibilities (6 variables; component 1) 

 

Table 5. 16: Rotated factor loading of the EXP construct 

Variable 
Rotated Component 

1   

EXP4 0.930 E
x

p
lo

ratio
n

-o
f-th

e-

sp
ace-o

f-p
o

ssib
ilities 

EXP3 0.896 

EXP5 0.816 

EXP2 0.800 

EXP6 0.799 

EXP1 0.722 

 

5.2.3.6  Co-evolution (COE) construct results 

Both the scree test and eigenvalue suggested that one factor should be extracted for the COE 

construct. This factor explained 89.48% of the total variance.  However, the solution for this 

constructed cannot be rotated. Table 5.17 demonstrates the patterns of the component matrix; 

most of the variables were found to significantly exceed the threshold level of 0.5. Therefore, 

only one factor was derived from the five variables: 

• COE: Co-evolution (5 variables; component 1) 
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Table 5. 17: Rotated factor loading of the COE construct 

Variable 
Rotated Component 

1   

COE3 0.955 C
o
-ev

o
lu

tio
n

 

COE4 0.952 

COE5 0.936 

COE2 0.918 

COE1 0.897 
 

 

 

5.2.3.7  Safety Participation (SPA) construct results 

Both the scree test and eigenvalue suggested that one factor should be extracted for the safety 

participation (SPA) construct. This factor explained 83.52% of the total variance.  However, 

the solution for this constructed cannot be rotated. Table 5.18 demonstrates the patterns of the 

component matrix, where all the variables were found to significantly exceed the threshold 

level of 0.5. Therefore, only one factor was derived from the six variables: 

• SPA: Safety Participation (6 variables; component 1) 

 

Table 5. 18: Rotated factor loading of the SPA construct 

Variable 
Rotated Component 

1   

SPA4 0.922 S
afety

 P
articip

atio
n
 

SPA3 0.921 

SPA2 0.919 

SPA1 0.887 

SPA5 0.880 

SPA6 0.844 

 

5.2.3.8  Safety Compliance (SCO) construct results 

The scree test and eigenvalue suggested that one factor should be extracted for the safety 

compliance (SCO) construct. This factor explained 79.45% of the total variance.  However, the 

solution for this constructed cannot be rotated. Table 5.19 demonstrates the patterns of the 

component matrix, showing all the variables were found to significantly exceed the threshold 

level of 0.5. Therefore, only one factor was derived from the six variables: 

• SCO: Safety Compliance (6 variables; component 1) 



 
 
  
 

85  

 

Table 5. 19: Rotated factor loading of the SCO construct 

Variable 
Rotated Component 

1   

SCO3 0.928 

S
afety

 C
o

m
p

lian
ce 

SCO2 0.899 

SCO1 0.879 

SCO4 0.853 

SCO5 0.840 

SCO6 0.799 

 

5.2.3.9  Safety Climate (SCL) construct results 

Mutually, the scree test and eigenvalue suggested that one factor should be extracted for the 

safety climate (SCL) construct. This factor explained 90.76% of the total variance.  However, 

the solution for this constructed cannot be rotated. Table 5.20 demonstrates the patterns of the 

component matrix, demonstrating that all the variables were found to significantly exceed the 

threshold level of 0.5. Therefore, only one factor was derived from the six variables: 

• SCL: Safety Climate (6 variables; component 1) 

 

 

Table 5. 20: Rotated factor loading of the SCL construct 

Variable 
Rotated Component 

1   

SCL5 0.994 

S
afety

 C
lim

ate 

SCL6 0.990 

SCL4 0.985 

SCL3 0.972 

SCL2 0.852 

SCL1 0.841 

 

5.2.4  Summary of the EFA Results 

Based on the results of the eigenvalue and the scree test, the constructs of LBs, connectivity, 

interdependence, feedback, exploration-of-the-space-of-possibilities, co-evolution, safety 

participation, safety compliance and safety climate are presented in Table 5.21. The factors 

extracted range from 1 to 3, while the cumulative variances range between 74.49% and 95.78%, 

respectively. No variable was deleted from any of the constructs as they all exceeded the 
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accepted threshold level (0.5). Finally, the internal consistencies of all scales were illustrated 

by the Cronbach’s alpha coefficients, which exceeded the 0.70 threshold level, ranging from 

0.974 to 0.997. Therefore, the results confirmed the reliability and validity of the developed 

scales’ items. 

 

Table 5. 21: Summary of EFA Results 

Construct Variables 

Removed 

Factors 

Extracted 

Cronbach's 

Alpha 

Cumulative 

Variance (%) 

Factors: Description 

Leadership 

Behaviours 

LB3, LB14 3 0.946 
 

56.21 EELB: Empowering & Engaging LB (6 variables) 

 
  

  
MRLB: Modelling & Reinforcing LB (3 variables) 

     PELB: Promoting & Enabling LB (4 variables) 

Principles of 

Complexity 

Science 

Nil 1 0.968 78.43 CON: Connectivity (8 variables) 

Nil 1 0.929 82.25 INT: Interdependence (4 variables) 

Nil 1 0.917 74.61 FBK: Feedback (5 variables) 

Nil 1 0.929 72.39 EXP: Exploration-of-a-space-of-possibilities (6 variables) 

Nil 1 0.971 79.60 COE: Co-evolution (5 variables) 

Safety 

Outcomes 

Nil 1 0.960 77.59 SPA: Safety Participation (6 variables) 

Nil 1 0.948 77.26 SCO: Safety Compliance (6 variables) 

Nil 1 0.980 82.12 SCL: Safety Climate (6 variables) 

 

5.2.5 Test of Common Method Variance  

Harman’s one-factor test was employed to evaluate the common method variance. A Harman 

one-factor analysis is a post hoc procedure that is conducted after data collection to check 

whether a single factor is accountable for variance in the data; this test is done by using 

principal component analysis in SPSS. If a single factor emerges or one general factor accounts 

for much of the covariance among the measures, then it is concluded that a substantial amount 

of common method variance is present (Podsakoff and Organ, 1986). 

 

To discover a reduced set of factors from a 61-item questionnaire assessing the survey, the data 

collected from the 173 participants were subjected to the PCA factoring with Varimax rotation. 

Eight components (with eigenvalues exceeding 1) were identified as underlying the 61 

questionnaire items (see Table 5.22). The highest factor accounted for 43.95%, which is less 

than 50%. Thus, the data in this research study, do not have common method variance issues. 
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Table 5. 22: Common method variance test results 

Component 

Initial Eigenvalues 

Total % of Variance Cumulative % 

1 26.811 43.952 43.952 

2 8.458 13.866 57.818 

3 4.015 6.582 64.400 

4 2.540 4.163 68.563 

5 1.521 2.493 71.056 

6 1.464 2.401 73.456 

7 1.381 2.264 75.720 

8 1.066 1.747 77.467 

 

5.3 Confirmatory Factor Analysis 

As the EFA is not able to assess the construct validity comprehensively (it is designed to 

uncover the factor structures and confirm the reliability of the measurement scales that formed 

the model constructs), a CFA was performed using AMOS (Version 26), which is an extension 

program for SPSS. The CFA is a technique to test how well prior factors represent the actual 

data (Hair et al., 2006). It is used to strengthen a standing theoretical perspective, boost an 

existing structure, and test a predefined dimensional structure in a different population. Here, 

the CFA was employed to confirm and strengthen the EFA by refining its results. The process 

included evaluating how well the factor structure fit the data and testing the model to identify 

the construct validity (Hair et al., 2006). 

 

5.3.1 Assessment of Model Fit and Estimation Methods 

The ability to identify the degree to which the model’s factor efficiently represents the data is  

the main feature of the CFA. It can be fulfilled by evaluating indices of the model fit. In  

general, all fit indices are categorised as either absolute or incremental. The model is 

considered accepted if the fit indices are assessed as good. In the case of poor fit indices, the 

model is usually re-specified, by trying to improve its fitness (Hoyle and Panter, 1995). The 

two main types of indices are demonstrated in the following sections: 
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5.3.1.1  Absolute fit indices 

The absolute fit indices focus on the extent to which the hypothesised model reproduces the 

sample (Shah and Goldstein, 2006). The Chi-square (X2) is one of the basic statistical measures, 

which is interpreted by the value of X2, the degree of freedom (df), and the significance level 

(p-value). The model is accepted and fits the data if the p-value is non-significant (> 0.05). 

Otherwise, the model should be rejected. However, due to such a traditional dichotomous rule, 

there are many ambiguities related to the interpretation of X2 (Hoyle and Panter, 1995). 

Moreover, X2 is considered biased and sensitive. Large and small sample sizes affect this 

sensitivity, as it is an original function of the sample size (Kline, 2015). Therefore, other indices 

have been created as alternatives (Shah and Goldstein, 2006). The indices of relative Chi-

square (X2/df), the goodness-of-fit index (GFI), the adjusted goodness-of-fit index (AGFI), 

standardised root mean square residual (SRMR), and root mean square error of approximation 

(RMSEA) are examples of the most popular absolute fit indices.  

 

 5.3.1.2  Incremental Fit Indices   

According to Hoyle and Panter (1995), the incremental fit indices examine the extent to which 

the interested model is preferable over two alternative models, the null model and the perfect 

fit model. The incremental fit index (IFI), Tucker-Lewis index (TLI), and comparative-fit index 

(CFI) are popularly used incremental fit indices.  

 

Selecting the appropriate estimation method is essential for measuring the model parameters 

and fit indices accurately. More than one estimation method exists, including maximum 

likelihood (ML), generalised least square (GLS), weighted least square (WLS), asymptotically 

distribution free (ADF), and ordinary least square (OLS). In general, the type of estimation 

method is chosen based on the sample size, model complexity, and data distribution (Shah and 

Goldstein, 2006). Accordingly, ML is the most common estimation method, and GLS is the 

second; both need the normality assumption of univariate and multivariate. Though WLS and 

ADF do not need the normality assumption, they require a large sample size. Finally, OLS is 

the most vigorous method and does not require the normality assumption; however, it does 

provide model parameters only not the fit indices (Shah and Goldstein, 2006).   
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As demonstrated in Chapter 4, the data distribution in this study was slightly univariate non-

normal. Since the univariate normality is required for multivariate normality, the data normality 

assumption of multivariate is violated. Regarding the sample size issue, despite the essentiality 

of the collected 173 cases for applying the EFA, they were relatively small for conducting the 

CFA, where a 200-sample size is suggested as the minimum size (Kline, 2015). Based on these 

data characteristics, using the ML estimation method is more suitable. Despite its need for the 

data to be multivariate normal, it has still been found to be robust in the case of moderate non-

normality, even with a small sample size (West et al., 1995). This estimation method is also 

suggested for such conditions by Hoyle & Panter (1995); they contend the robustness of the 

ML. According to Shah & Goldstein (2006), the model fit indices of X2/df, GFI, TLI, CFI, IFI, 

and RMSEA were not found to be biased under the situation of small size or non-normality 

when ML is selected for the estimation method. Therefore, the use of these indices is justified. 

 

To consider a model as having an acceptable fit, the fit indices should meet the following 

criteria:  

 

• χ 2/df < 3.0 (Hair et al., 2006; Kline, 2015)  

• GFI, TLI, CFI, and IFI > 0.9 (Hoyle and Panter, 1995) 

• RMSEA < 0.08 (Hair et al., 2006) 

 

5.3.2 Assessment of Model Fit and Estimation Methods 

The CFA results can provide compelling evidence of the discriminant and convergent validity 

of theoretical constructs (Hoyle, 2012). Discriminant validity refers to results that prove that 

the indicators of theoretically different constructs are not highly intercorrelated, whereas 

convergent validity refers to evidence that shows that distinct indicators of theoretical 

overlapping or similar constructs are strongly interrelated.  

 

The assessment of convergent validity is based on the standardised factor loadings and their 

significance level. The higher the factor loadings and their significant t-value, the better the 

evidence to conclude that the indicators measure the underlying constructs (Bollen, 2014). As 

recommended, factor loadings should be higher than 0.50 (Hair et al., 2014). However, it is 

argued that a significant t-value on its own should suffice to prove convergent validity 
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(Koufteros, 1999). In addition to significant loadings, indicators should have adequate 

reliability that can be assessed through SMC–R2 values. The SMC is equivalent to item 

reliability in classical test theory, and a similar rule of thumb can be used (Loxton, 2016) 

wherein item reliability (or SMC) < 0.20 indicates that the item is a poor measure of the 

construct, an SMC of 0.20–0.30 indicates that the item is a poor measure of the construct, an 

SMC of 0.30–0.50 indicates that the item is a weak but adequate measure of the construct and 

an SMC of > 0.50 indicates that the item is a good measure of the construct. Moreover, the 

convergent validity of the measured constructs can be assessed using composite reliability 

(CR), Cronbach’s alpha scores and average variance extracted (AVE) tests (Hu & Bentler, 

1999).  

 

The assessment of discriminant validity can be based on an examination of the correlation 

coefficient between each pair of variables (Kline, 2015). If the correlation coefficient is 

extremely high (i.e., higher than 0.85), the variables of interest could represent the same 

concept and should be combined as a single construct (Kline, 2015). Furthermore, discriminant 

validity can be further assessed by comparing the square root of the AVE scores and correlation 

coefficients between the latent constructs. The square root of the AVE of the individual 

construct should be higher than its largest correlation with any other construct (Hair et al., 

2014). 

 

5.3.3 CFA Results 

This CFA was conducted on each construct using IBM SPSS AMOS Graphics version 26. The 

factor loading, t-value, significance level and SMC–R2 value of the individual indicator were 

used for the convergent validity. The correlation value was used to assess discriminant validity. 

The AVE score and square root score were also used to further assess the convergent and 

discriminant validity. In this study, the Validity and Reliability Test plugin for AMOS, which 

was developed by Gaskin and Lim (2016), was applied to calculate the CR, AVE and its square 

root score. The following subsections present and discuss the CFA results. 

 

The CFA results of each construct were extracted with AMOS, which is an extension program 

to the SPSS Package (see Table 5.23 - 5.31). The factor loading and t-value for each variable 

are presented in these tables. Also, R2 values were demonstrated to assess the variables’ 

reliability and the factors correlations to evaluate the discriminant validity.  
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Table 5. 23: CFA results of the LB construct 

Factors and Measurement Variables Factor Loading t-value R² 

EELB: Empowering & Engaging LB    

LB6: encourages participatory styles by managers 0.829*** 12.464 0.687 

LB12: proactive with regards to safety matters 0.847*** 12.835 0.717 

LB13: taps into team members’ potentials 0.823*** f.p.* 0.677 

LB5: relays importance of corporate vision  Variable removed   

LB11: emphasises safety over productivity Variable removed   

LB15: structure is designed so any one can lead Variable removed   

MRLB: Modelling & Reinforcing LB    

LB2: participates in workforce safety activities 0.836*** 11.758    0.698 

LB4: visible and consistent commitment to safety        0.945*** f.p.*        0.892 

LB1: reinforces workers' safe behaviours Variable removed   

PELB: Promoting & Enabling LB    

LB7: ensures compliance with safety regulations 0.813*** 11.380 0.662 

LB8: provides resources for safety programs        0.801*** f.p.* 0.642 

LB10: actively involved in safety initiatives 0.827*** 11.595 0.684 

LB9: allots adequate time for safety Variable removed   

Note: ***p < 0.001; Model fit indices: χ 2 = 50.675, df = 17, p = 0.000, χ 2/df =2.981, GFI = 0.946, TLI = 0.939, 

CFI = 0.963, IFI = 0.963, RMSEA = 0.080; f.p. = fixed parameter for estimation 

 

The final CFA results of the LB construct are presented in Table 5.23. An initial CFA was 

conducted as suggested by the EFA results. However, the model did not obtain an acceptable 

level of fit. The CFA results suggested deleting some EELB variables - (LB5, LB11, and LB15), 

one MRLB variable (LB1), and one PELB variable (LB9) (see table above for descriptions). All 

the fit indices of the LB construct indicate that the final CFA model of this construct (Figure 

5.1) has a good fit level: χ 2 = 50.675, df = 17, p = 0.000, χ 2/df =2.981, GFI = 0.946, TLI = 

0.939, CFI = 0.963, IFI = 0.963, and RMSEA = 0.080 

 

The factor loadings are significant at the p < 0.001 level, ranging from 0.801 to 0.945. These 

results are considered relatively high and suggest convergent validity. Regarding the variables’ 

reliability, all the R2 values are greater than 0.50, indicating a good level of reliability. As for 

the discriminant validity of the construct, all correlation coefficients between each pair of 

factors are less than 0.850, which confirms the discriminant validity of the LB construct. 

Finally, as the acceptable level of the fit indices was achieved, the unidimensionality of this 

construct is confirmed. 
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Figure 5. 1: CFA model of the LB construct 

 

Table 5. 24: CFA results of the CON construct 

Factors and Measurement Variables Factor Loading t-value R² 

CON: Connectivity  
  

CON1: fosters relationship within teams 0.855*** 15.958 0.730 

CON2: encourages co-learning among employees 0.857*** 16.056 0.734 

CON4: provides open channel for communication 0.891*** 17.644 0.795 

CON6: endorses openness and honesty 0.888*** 17.477 0.788 

CON8: creates clearly defined values and beliefs 0.900*** f.p.*      0.811 

CON3: promotes workers’ participation  Variable removed   

CON5: spends time teaching and coaching  Variable removed  

CON7: has a strong sense of clarity and purpose  Variable removed  
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Note: ***p < 0.001; Model fit indices: χ 2 = 7.463, df = 4, p = 0.113, χ 2/df =1.866, GFI = 0.991, TLI = 0.989, CFI 

= 0.996, IFI = 0.996, RMSEA = 0.071; f.p. = fixed parameter for estimation 

 

The final CFA results of the connectivity (CON) construct are presented in Table 5.24. The 

CFA results suggested deleting some CON variables – namely CON3, CON5 and CON7 (see 

table above for descriptions). All the fit indices of the CON construct indicate that the final 

CFA model of this construct (Figure 5.2) have a good fit level: χ 2 = 7.463, df = 4, p = 0.113, χ 

2/df =1.866, GFI = 0.991, TLI = 0.989, CFI = 0.996, IFI = 0.996, RMSEA = 0.071 

 

Regarding the variables’ reliability, the factor loadings are significant at the p < 0.001 level, 

ranging from 0.855 to 0.900. The CR for CON is above 0.70 (0.944), which indicates 

reliability, and the AVE value is above 0.50 (0.772), confirming discriminant validity. Finally, 

as the model fit indices were accepted, the unidimensionality of the construct is supported. 

 

 

Figure 5. 2: CFA model of the CON construct 
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Table 5. 25: Interdependence 

Factors and Measurement Variables Factor Loading t-value R² 

INT: Interdependence  
  

INT1: champions building of trust among teams        0.885*** 14.416 0.784 

INT2: upholds the spirit of cooperation 0.896*** 15.882 0.802 

INT3: emphasises team-orientation efforts 0.917*** 15.375 0.841 

INT4: network of projects that share best practices         0.843*** f.p.* 0.711 

Note: ***p < 0.001; Model fit indices: χ 2 = 0.467, df = 1, p = 0.494, χ 2/df = 0.467, GFI = 0.999, TLI = 1.006, CFI 

= 1.000, IFI = 1.001, RMSEA = 0.000; f.p.* = fixed parameter for estimation 

 

The CFA results of the interdependence (INT) construct are presented in Table 5.25. The CFA 

was conducted as suggested by the EFA results. No variable was deleted for this construct. All 

the fit indices of the INT construct indicate that the final CFA model of this construct (Figure 

5.3) has a good fit level: χ 2 = 0.467, df = 1, p = 0.494, χ 2/df = 0.467, GFI = 0.999, TLI = 1.006, 

CFI = 1.000, IFI = 1.001, RMSEA = 0.000.  

 

The factor loadings are significant at the p < 0.001 level, ranging from 0.843 to 0.917. The CR 

for INT is above 0.70 (0.936), which indicates reliability, and the AVE value is above 0.50 

(0.785), confirming discriminant validity. Since the acceptable level of the fit indices was 

achieved, the unidimensionality for this construct is confirmed. 

 

Figure 5. 3: CFA model of the INT construct 
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Table 5. 26: Feedback 

Factors and Measurement Variables Factor Loading t-value R² 

FBK: Feedback  
  

FBK1: views mistakes as opportunities for learning        0.869*** 11.869 0.755 

FBK2: welcomes suggestions to improve safety 0.915*** 12.238 0.836 

FBK3: reviews lessons learned and works on them 0.800*** 13.998 0.640 

FBK4: ever ready to take up new challenges 0.764***  0.583 

FBK5: quick to deploy resources to for initiatives Variable removed   

Note: ***p < 0.001; Model fit indices: χ 2 = 0.943, df = 1, p = 0.331, χ 2/df =0.943, GFI = 0.997, TLI = 1.001, CFI 

= 1.000, IFI = 1.000, RMSEA = 0.000; f.p.* = fixed parameter for estimation 

 

The final CFA results of the Feedback (FBK) construct are presented in Table 5.26. An initial 

CFA was conducted as suggested by the EFA results. However, the model did not obtain an 

acceptable level of fit. The CFA results suggested deletes one FBK variable – FBK5 (see table 

above for descriptions). All the fit indices of the FBK construct indicated that the final CFA 

model of this construct (Figure 5.4) has a good fit level: χ 2 = 0.943, df = 1, p = 0.331, χ 2/df 

=0.943, GFI = 0.997, TLI = 1.001, CFI = 1.000, IFI = 1.000, RMSEA = 0.000.  

 

The composite reliability value (CR = 0.904) is greater than the suggested level, which 

indicates reliability. All factor loadings, ranging from 0.764 to 0.915 at a significant level (𝑝 < 

0.001), are higher than the threshold level of 0.50, and the AVE value (0.704) is higher than 

the suggested level of 0.50. Thus, this result demonstrated convergent validity. Discriminant 

validity is not a concern because FBK is a single construct. Therefore, as the model fit indices 

were demonstrated to be good, unidimentionality is established. 
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Figure 5. 4: CFA model of the FBK construct 

 

Table 5. 27: Exploration-of-the-space-of-possibilities 

Factors and Measurement Variables Factor Loading t-value R² 

EXP: Exploration-of-the-space-of-possibilities  
  

EXP2: always welcomes new ideas/options 0.725*** 10.548 0.526 

EXP3: encourages teams to try new strategies 0.858*** 13.178 0.736 

EXP4: prompts teams to seek ways to improve safety 0.990*** 14.269 0.981 

EXP5: encourages safety initiatives 0.787***      f.p.* 0.620 

EXP1: open to take advantage of new opportunities Variable removed   

EXP6: promotes pro development programs Variable removed   

Note: ***p < 0.001; Model fit indices: χ 2 = 1.913, df = 1, p = 0.167, χ 2/df =1.322, GFI = 1.913, TLI = 0.990, CFI 

= 0.998, IFI = 0.998, RMSEA = 0.073; f.p.* = fixed parameter for estimation 

 

The final CFA results of the Exploration-of-the-space-of-possibilities (EXP) construct are 

presented in Table 5.27. An initial CFA was conducted as suggested by the EFA results. 

However, the model did not obtain an acceptable level of fit. The CFA results suggested 

deleting some EXP variables – namely EXP1 and EXP6 (see table above for descriptions).  All 

the fit indices of the EXP construct indicate that the final CFA model of this construct (Figure 

5.5) has a good fit level: χ 2 = 1.913, df = 1, p = 0.167, χ 2/df =1.322, GFI = 1.913, TLI = 0.990, 

CFI = 0.998, IFI = 0.998, RMSEA = 0.073.  
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The composite reliability value (CR = 0.909) is greater than the suggested level, which 

indicates reliability. All factor loadings, ranging from 0.725 to 0.990 at a significant level (𝑝 < 

0.001) are higher than the threshold level of 0.50, and the AVE value (0.716) is higher than the 

suggested level of 0.50. Thus, it demonstrated convergent validity. Discriminant validity is not 

a concern because EXP is a single construct. Therefore, as the model fit indices were 

demonstrated to be good, unidimentionality is established. 

 

Figure 5. 5: CFA model of the EXP construct 

 

Table 5. 28: Co-evolution 

Factors and Measurement Variables Factor Loading t-value R² 

COE: Co-evolution  
  

COE1: facilitates changes within the organisation        0.905*** 21.359 0.819 

COE2: influences other team members 0.923*** 22.838 0.851 

COE3: is influenced by other team members 0.961*** 26.816 0.924 

COE4: work together to accommodate changes        0.938*** f.p.* 0.880 

COE5: seeks new information to improve safety 0.920*** 26.816 0.846 

Note: ***p < 0.001; Model fit indices: χ 2 = 6.662, df = 4, p = 0.155, χ 2/df =1.665, GFI = 0.985, TLI = 0.994, CFI 

= 0.998, IFI = 0.998, RMSEA = 0.062; f.p.* = fixed parameter for estimation 
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The CFA results of the COE construct are presented in Table 5.28. The CFA was conducted as 

suggested by the EFA results. No variable was deleted for this construct. All the fit indices of 

the COE construct indicated that the final CFA model of this construct (Figure 5.6) has a good 

fit level: χ 2 = 6.662, df = 4, p = 0.155, χ 2/df =1.665, GFI = 0.985, TLI = 0.994, CFI = 0.998, 

IFI = 0.998, RMSEA = 0.062.  

 

The factor loadings are significant at the p < 0.001 level, ranging from 0.920 to 0.961. These 

results are relatively high and suggest convergent validity. The composite reliability value (CR 

= 0.969) is greater than the suggested level, which indicated reliability and the AVE value 

(0.864) is higher than the suggested level of 0.50. Thus, this result demonstrated convergent 

validity. Discriminant validity is not a concern because COE is a single construct. Therefore, 

as the model fit indices were demonstrated to be good, unidimentionality is established. 

 

 

Figure 5. 6: CFA model of the COE construct 
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Table 5. 29: Safety Participation 

Factors and Measurement Variables Factor Loading t-value R² 

SPA: Safety Participation  
  

SPA1: encourages participation in safety programs 0.903*** f.p.* 0.816 

SPA2: influences activities to improve safety 0.966*** 16.599 0.933 

SPA3: creates platform for advice to management 0.902*** 18.576 0.814 

SPA4: prompts team member to help each other 0.858 20.508 0.736 

SPA5: insists on attendance of safety meetings Variable removed   

SPA6: inspires promotion of safety programs Variable removed   

Note: ***p < 0.001; Model fit indices: χ 2 = 0.478, df = 1, p = 0.489, χ 2/df =0.478, GFI = 0.999, TLI = 1.004, CFI 

= 1.000, IFI = 1.001, RMSEA = 0.000; f.p.* = fixed parameter for estimation 

 

The final CFA results of the Safety Participation (SPA) construct are presented in Table 5.29. 

An initial CFA was conducted as suggested by the EFA results. However, the model did not 

obtain an acceptable level of fit. The CFA results suggested deleting some SPA variables – 

namely SPA5 and SPA6 (see table above for descriptions). All the fit indices of the SPA 

construct indicated that the final CFA model of this construct (Figure 5.7) has a good fit level: 

χ 2 = 0.478, df = 1, p = 0.489, χ 2/df =0.478, GFI = 0.999, TLI = 1.004, CFI = 1.000, IFI = 1.001, 

RMSEA = 0.000.  

 

The composite reliability value (CR = 0.949) is greater than the suggested level, which 

indicates reliability. All factor loadings, ranging from 0.858 to 0.966 at a significant level (𝑝 < 

0.001) are higher than the threshold level of 0.50, and the AVE value (0.825) is higher than the 

suggested level of 0.50. Thus, this result demonstrates convergent validity. Discriminant 

validity is not a concern because SPA is a single construct. Therefore, as the model fit indices 

were demonstrated to be good, unidimentionality was established. 
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Figure 5. 7: CFA model of the SPA construct 

 

Table 5. 30: Safety Compliance 

Factors and Measurement Variables Factor Loading t-value R² 

SCO: Safety Compliance  
  

SCO1: ensures compliance with safety initiatives 0.887*** 15.251 0.787 

SCO2: ensures strict compliance to industry standards 0.958*** 14.675 0.917 

SCO3: compels team members to follow safety rules 0.905*** 15.770 0.819 

SCO4: provides all necessary safety equipment 0.857*** f.p.* 0.734 

SCO5: ensures use of necessary safety equipment  Variable removed  

SCO6: insists tasks are carried out in a safe manner  Variable removed  

Note: ***p < 0.001; Model fit indices: χ 2 = 1.208, df = 1, p = 0.272, χ 2/df = 1.208, GFI = 0.977, TLI = 0.998, CFI 

= 1.000, IFI = 1.000, RMSEA = 0.035; f.p.* = fixed parameter for estimation 

 

The final CFA results of the Safety Compliance (SCO) construct are presented in Table 5.30. 

An initial CFA was conducted as suggested by the EFA results. However, the model did not 

obtain an acceptable level of fit. The CFA results suggested deleting some SCO variables - 

SCO5 and SCO6 (see table above for descriptions).  All the fit indices of the SCO construct 

indicate that the final CFA model of this construct (Figure 5.8) has a good fit level: χ 2 = 1.208, 

df = 1, p = 0.272, χ 2/df = 1.208, GFI = 0.977, TLI = 0.998, CFI = 1.000, IFI = 1.000, RMSEA 

= 0.035. 
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The factor loadings were significant at the p < 0.001 level, ranging from 0.857 to 0.958. The 

CR for SCO is above 0.70 (0.936), which indicates reliability, and the AVE value is above 0.50 

(0.814), confirming discriminant validity. Discriminant validity is not a concern because SPA 

is a single construct. As the acceptable level of the fit indices was achieved, unidimensionality 

for this construct is confirmed. 

 

 

Figure 5. 8: CFA model of the SCO construct 

 

Table 5. 31: Safety Climate 

Factors and Measurement Variables Factor Loading t-value R² 

SCL: Safety Climate  
  

SCL1: promotes the benefits of safe work environment Variable removed 

SCL2: makes arrangement for regular safety training 0.850*** 20.575 0.722 

SCL3: organises safety trainings for processes and tasks 0.972*** 46.686 0.945 

SCL4: provides state-of-the-art safety equipment/process 0.985*** 58.003 0.970 

SCL5: ensures easy access to procedures and instructions 0.994***     72.710 0.988 

SCL6: creates system that supports desired safety culture       0.990***    f.p.*  0.981 

Note: ***p < 0.001; Model fit indices: χ 2 = 4.036, df = 5, p = 0.544, χ 2/df = 0.807, GFI = 0.991, TLI = 1.001, CFI 

= 1.000, IFI = 1.001, RMSEA = 0.000; f.p.* = fixed parameter for estimation 
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The final CFA results of the Safety Climate (SCL) construct are presented in Table 5.31. An 

initial CFA was conducted as suggested by the EFA results. However, the model did not obtain 

an acceptable level of fit. The CFA results suggested deleting a SCL variable – namely SCL1 

(see table above for descriptions). All the fit indices of the SCL construct indicated that the 

final CFA model of this construct (Figure 5.9) has a good fit level: χ 2 = 4.036, df = 5, p = 0.544, 

χ 2/df = 0.807, GFI = 0.991, TLI = 1.001, CFI = 1.000, IFI = 1.001, RMSEA = 0.000. 

 

The composite reliability value (CR = 0.983) was greater than the suggested level, which 

indicates reliability. All factor loadings, ranging from 0.850 to 0.994 at a significant level (𝑝 < 

0.001), are higher than the threshold level of 0.50, and the AVE value (0.921) is higher than 

the suggested level of 0.50. Thus, these results demonstrate convergent validity. Discriminant 

validity is not a concern because SCL is a single construct. Therefore, as the model fit indices 

were demonstrated to be good, unidimentionality is established. 

 

 

Figure 5. 9: CFA model of the SCL construct 

 



 
 
  
 

103  

Table 5. 32: Summary of CFA Results 

Construct 
Number of 

variables 

Composite 

Reliability 
AVE 

Model Fit Indices  

χ 2 df  χ 2/df GFI TLI CFI IFI RMSEA 

Leadership Behaviour 
 

  50.675 17  2.981 0.946 0.939 0.963 0.963 0.080 

EELB: Empowering & Engaging LB 3 0.872 0.694          

MRLB: Modelling & Reinforcing LB 2 0.886 0.795          

PELB: Promoting & Enabling LB 3 0.855 0.663          

Connectivity    7.463 4  1.866 0.991 0.989 0.996 0.996 0.071 

CON: Connectivity 5 0.944 0.772          

Interdependence    0.467 1  0.467 0.999 1.006 1.000 1.001 0.000 

INT: Interdependence 4 0.936 0.785          

Feedback    0.943 1  0.943 0.997 1.001 1.000 1.000 0.000 

FBK: Feedback 4 0.904 0.704          

Exploration-of-the-space-of-possibilities    1.913 1  1.322 1.013 0.990 0.998 0.998 0.073 

EXP: Exploration-of-the-space-of-possibilities 4 0.909 0.716          

Co-evolution    6.662 4  1.665 0.985 0.994 0.998 0.998 0.062 

COE: Co-evolution 5 0.969 0.864          

Safety Participation    0.478 1  0.478 0.999 1.004 1.000 1.001 0.000 

SPA: Safety Participation 4 0.949 0.825          

Safety Compliance    1.208 1  1.208 0.977 0.998 1.000 1.000 0.035 

SCO: Safety Compliance 4 0.946 0.814          

Safety Climate    4.036 5  0.807 0.991 1.001 1.000 1.001 0.000 

SCL: Safety Climate 5 0.983 0.921          
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5.4 Chapter Summary 

In chapter 5, the measurement scale analysis details and results for the survey data were 

demonstrated; specifically, the scale reliability, EFA, and CFA of the current study data set. 

This chapter began by illuminating the details of the reliability assessment results by examining 

internal consistency and item-total correlations in Section 5.1. The results indicated that the 

model constructs accurately and consistently captured their relevant meaning. In Section 5.2, 

the validity of the measurement scales was assessed by using EFA statistical method. Next, 

Section 5.3, which presented the CFA approach that was used to confirm the validity of factors 

derived from the EFA analysis. The CFA confirmed the EFA findings with few changes, such 

as deleting some variables. Section 5.4 summarised this chapter.  

 

These findings established the foundations to build the aggregated factors for assessing the 

conceptual model. The model assessment is exhibited in detail in the following chapter 

(Chapter 6).  
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Chapter 6: Multiple Regression Analysis 
 

This chapter details the procedure undertaken to test the research hypotheses. The aim of this 

chapter is to present in detail the relationship between the constructs of the proposed conceptual 

model. All the research hypotheses were analysed with a regression analysis, in terms of 

bivariate and PROCESS analyses. Section 6.1 provides an overview of the analyses on 

correlation and regression to test the research hypotheses. Then the suggested analysis is 

performed to test all the 18 research hypotheses in Sections 6.2 through 6.4. Finally, Section 

6.5 summarises the SEM and multiple regression analysis (MRA) results and Section 6.6 

summarises this chapter. 

 

6.1 Correlation and Regression Analysis Overview 

6.1.1 Correlation Analysis 

The variables of this study were measured with five quantitative values that had close interval 

characteristic levels. Therefore, a Pearson product-moment correlation, which is known as 

Pearson’s correlation, was conducted to explore the extent to which of these variables were 

linearly related (Hair et al., 2006; Jaccard & Becker, 1997; Pallant, 2005). According to Jaccard 

& Becker (1997), a linear correlation value between any two variables is known as a Pearson 

correlation coefficient (r). A t-test was performed to explore the existence of these 

relationships. At the α = 0.01 or α = 0.05 level, rejecting a null hypothesis indicates an existing 

relationship between the variables with a confidence of 99% or 95% (Berenson et al., 2009). 

In terms of interpreting the magnitude of a correlation, the maximum positive relationship 

between two variables is valued at +1 (r = +1), whereas the maximum negative relationship is 

valued at -1 (r = -1). Having zero r-value indicates no correlation is noticed. Therefore, Pearson 

correlation coefficient varies between -1.00 and +1.00 inclusively (Field, 2013; Jaccard & 

Becker, 1997; Pallant, 2005). However, in behavioural science research, an absolute correlation 

coefficient value of 0.20 is often considered important (Field, 2013; Pallant, 2005). The 

variable significantly associated with several other variables was further processed through a 

regression analysis to determine to what extent the variable predicted (as criteria) or explained 

those variables (as predictors). 
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6.1.2 Regression Analysis 

To explore dependent relationships, regression analysis is considered the most widely used, 

especially in the fields of social sciences and business (Tabachnick & Fidell, 2007). According 

to Hair et al. (2006), it is a powerful tool for identifying and evaluating the predictor variables.  

 

The model in this study proposes that the dependent variable is influenced by a set of 

independent variables through other variables (mediators). In such a model, a mediation 

analysis is employed which performs a series of regression analyses (MacKinnon et al., 1995). 

These regression analyses aim to fulfil four mediation conditions (See Figure 6.1). According 

to MacKinnon et al. (1995), the mediator effect exists if the following conditions were met:  

 

1. The independent variable (IV) predicts the dependent variable (DV) (Path C).  

2. The independent variable (IV) predicts the mediation variable (M) (Path A). 

3. The M predicts the DV (Path B).  

4. The indirect effect of IV on DV through M is significant (Path A*B).  

 

(a) 

IV DV

Path C 

 

 

(b) 

Path B Path A 

IV DV

M

Path C’

 

Figure 6. 1: Mediation Model Conditions 

  

To do so, bivariate and multiple regression analyses were used to test the first three conditions 

of mediations by exploring the significance tests and coefficients (b-value and beta-weights). 

Also, the effect sizes and R-squared (𝑅2) were determined. Additionally, by from comparing 

the results of the multiple regression, it can be determined whether the mediator is a full or 

partial mediator. According to MacKinnon et al. (1995), when the mediator is included in the 

model, the relation is full mediation if the DV is no longer predicted by the IV (Path C). 
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Otherwise, the relationship is partial mediation if the effect of the IV on the DV still has 

significance but shrunk (Path C’).  

 

A PROCESS approach was then applied to check on the fourth condition which is Path A*B. 

The PROCESS is an extension approach that adds to the SPSS and was developed by Preacher 

& Hayes (2018). It overcomes some limitations of the bivariate and regression analyses such 

as providing a bootstrapped Sobel Test, which was used to explore the indirect effect (Path 

A*B). Despite the limitations in the traditional regression analyses and the PROCESS 

approach, together they were able to assess the four mediation conditions and test the 

hypotheses of this research study. 

 

6.2 Testing of the Influence of Empowering and Engaging Leadership 

Behaviour 

The influence of empowering and engaging leadership behaviour on the three kinds SOs 

(Safety participation, safety compliance and safety climate) was assessed in the following 

subsections. The first assessment was to test the direct impact of empowering and engaging 

leadership behaviour on SOs, as well as its indirect impact through the five principles of 

complexity science; connectivity, interdependence, feedback, exploration-of-the-space-of-

possibilities and co-evolution. These analyses were conducted to test six of the research 

hypotheses (H1, H2, H3, H4, H5 and H6). A summary of the results is presented in Section 

6.2.6. 

 

6.2.1 Mediating Role of Connectivity (CON) 

6.2.1.1  Influence of Empowering & Engaging LB (EELB) on Safety Participation  

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.2). Table 6.1 demonstrates that all three variables are 

significantly correlated: EELB and CON (r = 0.184), CON and SPA (r = 0.613) and EELB and 

SPA (r = 0.219). 
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Table 6. 1: Correlation results for EELB-CON-SPA 

Variable EELB CON SPA 

EELB 1   

CON 0.184 1  

SPA 0.219 0.613 1 

 

From the analysis, EELB significantly predicts CON (Path A): b = 0.184, BCa 95% CI [0.035, 

0.332], p < 0.050. The direct effect of EELB on SPA was also found to be significant (Path C), 

b = 0.219, BCa 95% CI [0.071, 0.366], p < 0.050.  

 

The proposed mediator, CON, significantly predicts SPA (Path B), b = 0.593, BCa 95% CI 

[0.472, 0.713], p < 0.001. When CON was added to the regression analysis, the effect of EELB 

on SPA remained significant (Path C’), b = 0.110, BCa 95% CI [0.011, 0.230], p < 0.100, 

despite the strength of the relationship being diminished. Thus, the proposed mediator CON, 

partially mediates the relationship between EELB and SPA. Figure 6.2 displays the paths 

relevant to the standardised regression coefficients.  

 

Path B 

0.593***

Path A 

0.184**

Empowering 

& Engaging

Safety 

Participation

Connectivity

Leadership 

Behaviour

Complexity 

Science
Safety 

Outcomes

Path C (C’) 

0.219** (0.110*)

 

Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 2: Mediation model results for EELB-CON-SPA 
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Table 6. 2: Mediation results for EELB-CON-SPA 

Path Description ß P-value Remark 

A EELB predicts CON 0.184 < 0.050 Significant 

B CON predicts SPA 0.593 < 0.001 Significant 

C EELB predicts SPA 0.219 < 0.050 Significant 

C’ EELB predicts SPA via CON 0.110 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that EELB significantly predictes SPA via 

its relationship to CON (Path A*B) b = 0.109, BCa CI [0.015, 0.206]. Also, the percentage of 

overall change (𝑅2) in SPA due to EELB via CON is 38.7%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.1.2  Influence of Empowering & Engaging LB (EELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.3). Table 6.3 demonstrates that all three variables are 

significantly correlated: EELB and CON (r = 0.184), CON and SCO (r = 0.566) and EELB and 

SCO (r = 0.211). 

 

Table 6. 3: Correlation results for EELB-CON-SCO 

Variable EELB CON SCO 

EELB 1   

CON 0.184 1  

SCO 0.211 0.566 1 

 

From the analysis, EELB significantly predicts CON (Path A): b = 0.184, BCa 95% CI [0.035, 

0.332], p < 0.050. The direct effect of EELB on SCO was found to be significant (Path C): b = 

0.211, BCa 95% CI [0.063, 0.358], p < 0.050.  

 

The proposed mediator, CON, significantly predicta SCO (Path B): b = 0.545, BCa 95% CI 

[0.420, 0.671], p < 0.001. When CON was added to the regression analysis, the effect of EELB 

on SCO remained significant (Path C’) – b = 0.111, BCa 95% CI [0.015, 0.237], p < 0.100, 

despite the strength of the relationship being diminished. Therefore, the proposed mediator, 
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CON, partially mediates the relationship between EELB and SCO. Figure 6.3 displays the paths 

relevant to the standardised regression coefficients.  

 

Path B 

0.545***

Path A 

0.184**

Empowering 

& Engaging

Safety 

Compliance

Connectivity

Leadership 

Behaviour

Complexity 

Science
Safety 

Outcomes

Path C (C’) 

0.211** (0.111*)

 

Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 3: Mediation model results for EELB-CON-SCO 

 

Table 6. 4: Mediation results for EELB-CON-SCO 

Path Description ß P-value Remark 

A EELB predicts CON 0.184 < 0.050 Significant 

B CON predicts SCO 0.545 < 0.001 Significant 

C EELB predicts SCO 0.211 < 0.050 Significant 

C’ EELB predicts SCO via CON 0.111 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that EELB significantly predicted SCO via 

its relationship to CON (Path A*B) b = 0.100, BCa CI [0.012, 0.192]. Also, the percentage of 

overall change (𝑅2) in SCO due to EELB via CON is 33.2%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.1.3  Influence of Empowering & Engaging LB (EELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.4). Table 6.5 demonstrates that all three variables are 

significantly correlated: EELB and CON (r = 0.184), CON and SCL (r = 0.610) and EELB and 

SCL (r = 0.109).  



 
 
  
 

111 

 

Table 6. 5: Correlation results for EELB-CON-SCL 

Variable EELB CON SCL 

EELB 1   

CON 0.184 1  

SCL 0.109 0.610 1 

 

From the analysis, EELB significantly predicted CON (Path A): b = 0.184, BCa 95% CI [0.035, 

0.332], p < 0.050. The direct effect of EELB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.041, 0.260], p = 0.152.  

 

However, the proposed mediator, CON, significantly predicts SCL (Path B): b = 0.611, BCa 

95% CI [0.489, 0.733], p < 0.001. When CON was added to the regression analysis, the effect 

of EELB on SCL became non-significant (Path C’): b = - 0.003, BCa 95% CI [- 0.125, 0.120], 

p = 0.965. As such the proposed mediator CON, does not mediate the relationship between 

EELB and SCL. Figure 6.4 displays the paths relevant to the standardised regression 

coefficients.  

 

Path B 

0.611***

Path A 

0.184**

Empowering 

& Engaging
Safety Climate

Connectivity

Leadership 

Behaviour

Complexity 

Science
Safety 

Outcomes

Path C (C’) 

0.109n (-0.003n)

 

Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 4: Mediation model results for EELB-CON-SCL 

 

Table 6. 6: Mediation results for EELB-CON-SCL 

Path Description ß P-value Remark 

A EELB predicts CON 0.184 < 0.050 Significant 

B CON predicts SCL 0.611 < 0.001 Significant 

C EELB predicts SCL 0.109 0.152 Non-significant 

C’ EELB predicts SCL via CON - 0.003 0.965 Non-significant 
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A PROCESS analysis was conducted and revealed that the EELB does not significantly predict 

SCL via its relationship to CON (Path A*B) b = 0.112, BCa CI [- 0.010, 0.212]. This result 

confirmes that CON failed to be a mediator for the relationship between EELB and SCL. 

 

6.2.2 Mediating Role of Interdependence (INT) 

6.2.2.1  Influence of Empowering & Engaging LB (EELB) on Safety Participation  

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.5). Table 6.7 demonstrates that all three variables were 

significantly correlated, - namely, EELB and INT (r = 0.185), INT and SPA (r = 0.571) and 

EELB and SPA (r = 0.219). 

 

Table 6. 7: Correlation results for EELB-INT-SPA 

Variable EELB INT SPA 

EELB 1   

INT 0.185 1  

SPA 0.219 0.571 1 

 

From the analysis, EELB significantly predicts INT (Path A): b = 0.185, BCa 95% CI [0.036, 

0.333], p < 0.050. The direct effect of EELB on SPA was found to be significant (Path C): b = 

0.219, BCa 95% CI [0.071, 0.366], p < 0.050.  

 

The proposed mediator, INT, significantly predicts SPA (Path B): b = 0.549, BCa 95% CI 

[0.24, 0.675], p < 0.001. When INT was added to the regression analysis, the effect of EELB on 

SPA remained significant (Path C’): - b = 0.117, BCa 95% CI [0.008, 0.242], p < 0.100, despite 

the strength of the relationship being diminished. Thus, the proposed mediator INT, partially 

mediates the relationship between EELB and SPA. Figure 6.5 displays the paths relevant to the 

standardised regression coefficients.  
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Figure 6. 5: Mediation model results for EELB-INT-SPA 

 

Table 6. 8: Mediation results for EELB-INT-SPA 

Path Description ß P-value Remark 

A EELB predicts INT 0.185 < 0.050 Significant 

B INT predicts SPA 0.549 < 0.001 Significant 

C EELB predicts SPA 0.219 < 0.050 Significant 

C’ EELB predicts SPA via INT 0.117 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that EELB significantly predicts SPA via its 

relationship to INT (Path A*B) b = 0.102, BCa CI [0.011, 0.202]. Also, the percentage of 

overall change (𝑅2) in SPA due to EELB via CON is 33.9%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.2.2  Influence of Empowering & Engaging LB (EELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.6). Table 6.9 demonstrates that all three variables were 

significantly correlated, namely, EELB and INT (r = 0.185), INT and SCO (r = 0.604) and EELB 

and SCO (r = 0.211). 
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Table 6. 9: Correlation results for EELB-INT-SCO 

Variable EELB INT SCO 

EELB 1   

INT 0.185 1  

SCO 0.211 0.604 1 

 

From the analysis, EELB significantly predicts INT (Path A): b = 0.185, BCa 95% CI [0.036, 

0.333], p < 0.050. The direct effect of EELB on SCO was found to be significant (Path C): b = 

0.211, BCa 95% CI [0.063, 0.358], p < 0.050.  

 

The proposed mediator, INT, significantly predicts SCO (Path B): b = 0.585, BCa 95% CI 

[0.463, 0.707], p < 0.001. When INT was added to the regression analysis, the effect of EELB 

on SCO remained significant (Path C’): b = 0.103, BCa 95% CI [0.019, 0.225], p < 0.100, 

despite the strength of the relationship being diminished. Thus, the proposed mediator INT, 

partially mediates the relationship between EELB and SCO. Figure 6.6 displays the paths 

relevant to the standardised regression coefficients.  
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Figure 6. 6: Mediation model results for EELB-INT-SCO 

  



 
 
  
 

115 

 

 

Table 6. 10: Mediation results for EELB-INT-SCO 

Path Description ß P-value Remark 

A EELB predicts INT 0.185 < 0.050 Significant 

B INT predicts SCO 0.585 < 0.001 Significant 

C EELB predicts SCO 0.211 < 0.050 Significant 

C’ EELB predicts SCO via INT 0.103 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that EELB significantly predicted SCO via 

its relationship to INT (Path A*B) b = 0.108, BCa CI [0.014, 0.206]. Also, the percentage of 

overall change (𝑅2) in SCO due to EELB via INT is 37.5%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.2.3  Influence of Empowering & Engaging LB (EELB) on Safety Climate (SCL) 

Multiple regression analyses are conducted to assess each component of the hypothesised 

mediation model (see Figure 6.7). Table 6.11 demonstrates that all three variables were 

significantly correlated: EELB and INT (r = 0.185), INT and SCL (r = 0.630) and EELB and SCL 

(r = 0.109). 

 

Table 6. 11: Correlation results for EELB-INT-SCL 

Variable EELB INT SCL 

EELB 1   

INT 0.185 1  

SCL 0.109 0.630 1 

 

From the analysis, EELB significantly predicts INT (Path A): b = 0.185, BCa 95% CI [0.036, 

0.333], p < 0.050. The direct effect of EELB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.041, 0.260], p = 0.152.  

 

However, the proposed mediator, INT, significantly predicts SCL (Path B): b = 0.631, BCa 

95% CI [0.512, 0.751], p < 0.001. When INT was added to the regression analysis, the effect 

of EELB on SCL became non-significant (Path C’): b = - 0.007, BCa 95% CI [- 0.127, 0.112], 

p = 0.905. As such, the proposed mediator INT, did not mediate the relationship between EELB 

and SCL. Figure 6.7 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 7: Mediation model results for EELB-INT-SCL 

 

Table 6. 12: Mediation results for EELB-INT-SCL 

Path Description ß P-value Remark 

A EELB predicts INT 0.185 < 0.050 Significant 

B INT predicts SCL 0.631 < 0.001 Significant 

C EELB predicts SCL 0.109 0.152 Non-significant 

C’ EELB predicts SCL via INT - 0.007 0.905 Non-significant 

 

A PROCESS analysis was conducted and revealed that EELB did not significantly predict SCL 

via its relationship to INT (Path A*B): b = 0.117, BCa CI [- 0.014, 0.221]. This result confirms 

that INT failed to be a mediator for the relationship between EELB and SCL. 

 

6.2.3  Mediating Role of Feedback (FBK) 

6.2.3.1  Influence of Empowering & Engaging LB (EELB) on Safety Participation  

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.8). Table 6.13 demonstrates that all three variables were 

significantly correlated: EELB and FBK (r = 0.214), FBK and SPA (r = 0.612) and EELB and 

SPA (r = 0.219). 
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Table 6. 13: Correlation results for EELB-FBK-SPA 

Variable EELB CON SPA 

EELB 1   

CON 0.214 1  

SPA 0.219 0.612 1 

 

From the analysis, EELB significantly predicted FBK (Path A): b = 0.214, BCa 95% CI [0.067, 

0.362], p < 0.050. The direct effect of EELB on SPA was found to be significant (Path C): b = 

0.219, BCa 95% CI [0.071, 0.366], p < 0.050.  

 

The proposed mediator, FBK, significantly predicts SPA (Path B): b = 0.593, BCa 95% CI 

[0.472, 0.713], p < 0.001. When FBK was added to the regression analysis, the effect of EELB 

on SPA remained significant (Path C’): b = 0.092, BCa 95% CI [0.030, 0.213], p < 0.050. Thus, 

the proposed mediator FBK, partially mediates the relationship between EELB and SPA. Figure 

6.8 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 8: Mediation model results for EELB-FBK-SPA 

 

Table 6. 14: Mediation results for EELB-FBK-SPA 

Path Description ß P-value Remark 

A EELB predicts FBK 0.215 < 0.050 Significant 

B FBK predicts SPA 0.593 < 0.001 Significant 

C EELB predicts SPA 0.219 < 0.050 Significant 

C’ EELB predicts SPA via FBK 0.092 < 0.050 Significant 
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A PROCESS analysis was conducted and revealed that the EELB significantly predicts SPA via 

its relationship to FBK (Path A*B) b = 0.127, BCa CI [0.030, 0.233]. Also, the percentage of 

overall change (𝑅2) in SPA due to EELB via FBK is 38.3%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.3.2  Influence of Empowering & Engaging LB (EELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.9). Table 6.15 demonstrates that all three variables are 

significantly correlated: EELB and INT (r = 0.214), CON and SCO (r = 0.606) and EELB and 

SCO (r = 0.211). 

 

Table 6. 15: Correlation results for EELB-FBK-SCO 

Variable EELB FBK SCO 

EELB 1   

FBK 0.214 1  

SCO 0.211 0.606 1 

 

From the analysis, EELB significantly predicts FBK (Path A): b = 0.215, BCa 95% CI [0.067, 

0.362], p < 0.050. The direct effect of EELB on SCO was found to be significant (Path C): b = 

0.211, BCa 95% CI [0.063, 0.358], p < 0.050.  

 

The proposed mediator, FBK, significantly predicts SCO (Path B): b = 0.545, BCa 95% CI 

[0.420, 0.671], p < 0.001. When FBK was added to the regression analysis, the effect of EELB 

on SCO remained significant (Path C’): b = 0.085, BCa 95% CI [0.038, 0.208], p < 0.050. 

Thus, the proposed mediator FBK, partially mediates the relationship between EELB and SCO. 

Figure 6.9 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 9: Mediation model results for EELB-FBK-SCO 

 

Table 6. 16: Mediation results for EELB-FBK-SCO 

Path Description ß P-value Remark 

A EELB predicts FBK 0.215 < 0.050 Significant 

B FBK predicts SCO 0.587 < 0.001 Significant 

C EELB predicts SCO 0.211 < 0.050 Significant 

C’ EELB predicts SCO via FBK 0.085 < 0.050 Significant 

 

A PROCESS analysis was conducted and revealed that EELB significantly predicts SCO via its 

relationship to FBK (Path A*B) b = 0.126, BCa CI [0.032, 0.228]. Also, the percentage of 

overall change (𝑅2) in SCO due to EELB via FBK is 37.4%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.3.3  Influence of Empowering & Engaging LB (EELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.10). Table 6.17 demonstrates that all three variables are 

significantly correlated - namely, EELB and FBK (r = 0.214), FBK and SCL (r = 0.582) and 

EELB and SCL (r = 0.109). 
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Table 6. 17: Correlation results for EELB-FBK-SCL 

Variable EELB FBK SCL 

EELB 1   

FBK 0.214 1  

SCL 0.109 0.582 1 

 

From the analysis, EELB significantly predicts FBK (Path A): b = 0.215, BCa 95% CI [0.067, 

0.362], p < 0.050. The direct effect of EELB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.041, 0.260], p = 0.152.  

 

However, the proposed mediator, FBK, significantly predicts SCL (Path B): b = 0.585, BCa 

95% CI [0.459, 0.711], p < 0.001. When FBK was added to the regression analysis, the effect 

of EELB on SCL became non-significant (Path C’): b = - 0.016, BCa 95% CI [- 0.142, 0.110], 

p = 0.801. As such, proposed mediator FBK, does not mediate the relationship between EELB 

and SCL. Figure 6.10 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 10: Mediation model results for EELB-FBK-SCL 
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Table 6. 18: Mediation results for EELB-FBK-SCL 

Path Description ß P-value Remark 

A EELB predicts FBK 0.215 < 0.05 Significant 

B FBK predicts SCL 0.585 < 0.001 Significant 

C EELB predicts SCL  0.109 0.152 Non-significant 

C’ EELB predicts SCL via FBK - 0.016 0.801 Non-significant 

 

A PROCESS analysis was conducted and revealed that EELB does not significantly predict SCL 

via its relationship to FBK (Path A*B): b = 0.126, BCa CI [- 0.029, 0.227]. This result confirms 

that FBK fails to be a mediator for the relationship between EELB and SCL. 

 

6.2.4 Mediating Role of Exploration-of-the-space-of-possibilities (EXP) 

6.2.4.1  Influence of Empowering & Engaging LB (EELB) on Safety Participation  

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.11). Table 6.19 demonstrates that all three variables are 

significantly correlated: EELB and EXP (r = 0.163), EXP and SPA (r = 0.674) and EELB and 

SPA (r = 0.219). 

 

Table 6. 19: Correlation results for EELB-EXP-SPA 

Variable EELB EXP SPA 

EELB 1   

EXP 0.163 1  

SPA 0.219 0.674 1 

 

From the analysis, EELB significantly predicts EXP (Path A): b = 0.163, BCa 95% CI [0.014, 

0.312], p < 0.050. The direct effect of EELB on SPA was found to be significant (Path C): b = 

0.219, BCa 95% CI [0.071, 0.366], p < 0.050.  

 

The proposed mediator, EXP, significantly predicts SPA (Path B): b = 0.655, BCa 95% CI 

[0.543, 0.768], p < 0.001. When EXP was added to the regression analysis, the effect of EELB 

on SPA remained significant (Path C’): b = 0.112, BCa 95% CI [0.001, 0.224], p < 0.100, 
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despite the strength of the relationship being diminished. Thus, proposed mediator EXP 

partially mediates the relationship between EELB and SPA. Figure 6.11 displays the paths 

relevant to the standardised regression coefficients.  
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Figure 6. 11: Mediation model results for EELB-EXP-SPA 

 

Table 6. 20: Mediation results for EELB-EXP-SPA 

Path Description ß P-value Remark 

A EELB predicts EXP 0.163 < 0.050 Significant 

B EXP predicts SPA 0.655 < 0.001 Significant 

C EELB predicts SPA 0.219 < 0.050 Significant 

C’ EELB predicts SPA via EXP 0.112 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that the EELB significantly predicts SPA via 

its relationship to EXP (Path A*B) b = 0.107, BCa CI [0.006, 0.232]. Also, the percentage of 

overall change (𝑅2) in SPA due to EELB via EXP is 46.6%. This 𝑅2 value is considered a 

medium effect size (Cohen et al., 2003). 

 

6.2.4.2  Influence of Empowering & Engaging LB (EELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.12). Table 6.21 demonstrates that all three variables are 

significantly correlated: EELB and EXP (r = 0.163), EXP and SCO (r = 0.604) and EELB and 

SCO (r = 0.211). 

 

Table 6. 21: Correlation results for EELB-EXP-SCO 
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Variable EELB EXP SCO 

EELB 1   

EXP 0.163 1  

SCO 0.211 0.604 1 

 

From the analysis, EELB significantly predicted EXP (Path A): b = 0.163, BCa 95% CI [0.014, 

0.312], p < 0.050. The direct effect of EELB on SCO was found to be significant (Path C): b = 

0.211, BCa 95% CI [0.063, 0.358], p < 0.050.  

 

The proposed mediator, EXP, significantly predicts SCO (Path B): b = 0.585, BCa 95% CI 

[0.4264, 0.706], p < 0.001. When EXP was added to the regression analysis, the effect of EELB 

on SCO remained significant (Path C’): b = 0.116, BCa 95% CI [0.005, 0.237], p < 0.100, 

despite the strength of the relationship being diminished. Therefore, proposed mediator EXP 

partially mediates the relationship between EELB and SCO. Figure 6.12 displays the paths 

relevant to the standardised regression coefficients.  
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Figure 6. 12: Mediation model results for EELB-EXP-SCO 

 

Table 6. 22: Mediation results for EELB-EXP-SCO 

Path Description ß P-value Remark 

A EELB predicts EXP 0.163 < 0.050 Significant 

B EXP predicts SCO 0.585 < 0.001 Significant 

C EELB predicts SCO 0.211 < 0.050 Significant 

C’ EELB predicts SCO via EXP 0.116 < 0.100 Significant 
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A PROCESS analysis was conducted and revealed that EELB significantly predicts SCO via its 

relationship to EXP (Path A*B): b = 0.095, BCa CI [0.005, 0.198]. Also, the percentage of 

overall change (𝑅2) in SCO due to EELB via EXP is 37.8%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.4.3   Influence of Empowering & Engaging LB (EELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.13). Table 6.23 demonstrates that all three variables are 

significantly correlated: EELB and EXP (r = 0.163), EXP and SCL (r = 0.670) and EELB and 

SCL (r = 0.109). 

 

Table 6. 23: Correlation results for EELB-CON-SCL 

Variable EELB EXP SCL 

EELB 1   

EXP 0.163 1  

SCL 0.109 0.670 1 

 

From the analysis, EELB significantly predicts EXP (Path A): b = 0.163, BCa 95% CI [0.014, 

0.312], p < 0.050. The direct effect of EELB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.041, 0.260], p = 0.152.  

 

However, the proposed mediator, EXP, significantly predicts SCL (Path B): b = 0.670, BCa 

95% CI [0.556, 0.784], p < 0.001. When EXP was added to the regression analysis, the effect 

of EELB on SCL became non-significant (Path C’): b = 0.109, BCa 95% CI [- 0.041, 0.259], p 

= 0.152. Thus, proposed mediator EXP does not mediate the relationship between EELB and 

SCL. Figure 6.13 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 13: Mediation model results for EELB-EXP-SCL 

 

Table 6. 24: Mediation results for EELB-EXP-SCL 

Path Description ß P-value Remark 

A EELB predicts EXP 0.163 < 0.050 Significant 

B EXP predicts SCL 0.670 < 0.001 Significant 

C EELB predicts SCL 0.109 0.152 Non-significant 

C’ EELB predicts SCL via EXP 0.001 0.993 Non-significant 

 

A PROCESS analysis was conducted and revealed that EELB did not significantly predict SCL 

via its relationship to EXP (Path A*B) b = 0.109, BCa CI [- 0.007, 0.229]. This result confirms 

that EXP fails to be a mediator for the relationship between EELB and SCL. 

 

6.2.5 Mediating Role of Co-evolution (COE) 

6.2.5.1  Influence of Empowering & Engaging LB (EELB) on Safety Participation  

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.14). Table 6.25 demonstrates that all three variables were 

significantly correlated, namely, EELB and COE (r = 0.179), COE and SPA (r = 0.617) and 

EELB and SPA (r = 0.219). 
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Table 6. 25: Correlation results for EELB-COE-SPA 

Variable EELB COE SPA 

EELB 1   

COE 0.179 1  

SPA 0.219 0.617 1 

 

From the analysis, EELB significantly predicts COE (Path A): b = 0.179, BCa 95% CI [0.031, 

0.328], p < 0.050. The direct effect of EELB on SPA was found to be significant (Path C): b = 

0.219, BCa 95% CI [0.071, 0.366], p < 0.050.  

 

The proposed mediator, COE, significantly predicts SPA (Path B): b = 0.597, BCa 95% CI 

[0.477, 0.717], p < 0.001. When COE was added to the regression analysis, the effect of EELB 

on SPA remained significant (Path C’): b = 0.112, BCa 95% CI [0.008, 0.232], p < 0.100 – 

despite the strength of the relationship being diminished. As such, proposed mediator COE 

partially mediates the relationship between EELB and SPA. Figure 6.14 displays the paths 

relevant to the standardised regression coefficients 

 

Path B 

0.597***

Path A 

0.179**

Empowering 

& Engaging

Leadership 

Behaviour

Complexity 

Science
Safety 

Outcomes

Path C (C’) 

0.219** (0.112*)
Safety 

Participation

Co-evolution

 

Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 14: Mediation model results for EELB-COE-SPA 
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Table 6. 26: Mediation results for EELB-COE-SPA 

Path Description ß P-value Remark 

A EELB predicts COE 0.179 < 0.050 Significant 

B COE predicts SPA 0.597 < 0.001 Significant 

C EELB predicts SPA 0.219 < 0.050 Significant 

C’ EELB predicts SPA via COE 0.112 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that the EELB significantly predicts SPA via 

its relationship to COE (Path A*B) b = 0.107, BCa CI [0.002, 0.224]. Also, the percentage of 

overall change (𝑅2) in SPA due to EELB via COE is 39.2%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.5.2  Influence of Empowering & Engaging LB (EELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.15). Table 6.27 demonstrates that all three variables were 

significantly correlated, namely, EELB and COE (r = 0.179), COE and SCO (r = 0.544) and 

EELB and SCO (r = 0.211). 

 

Table 6. 27: Correlation results for EELB-COE-SCO 

Variable EELB COE SCO 

EELB 1   

COE 0.179 1  

SCO 0.211 0.544 1 

 

From the analysis, EELB significantly predicts COE (Path A): b = 0.179, BCa 95% CI [0.031, 

0.328], p < 0.050. The direct effect of EELB on SCO was found to be significant (Path C): b = 

0.211, BCa 95% CI [0.063, 0.358], p < 0.050.  

 

The proposed mediator, COE, significantly predicts SCO (Path B): b = 0.533, BCa 95% CI 

[0.406, 0.660], p < 0.001. When COE was added to the regression analysis, the effect of EELB 

on SCO remained significant (Path C’): b = 0.115, BCa 95% CI [0.012, 0.242], p < 0.100, 

despite the strength of the relationship being diminished. Therefore, the proposed mediator 
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COE partially mediates the relationship between EELB and SCO. Figure 6.15 displays the paths 

relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 15: Mediation model results for EELB-COE-SCO 

 

Table 6. 28: Mediation results for EELB-COE-SCO 

Path Description ß P-value Remark 

A EELB predicts COE 0.179 < 0.050 Significant 

B COE predicts SCO 0.533 < 0.001 Significant 

C EELB predicts SCO 0.211 < 0.050 Significant 

C’ EELB predicts SCO via COE 0.115 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that EELB significantly predicts SCO via its 

relationship to COE (Path A*B): b = 0.095, BCa CI [0.001, 0.203]. Furthermore, the percentage 

of overall change (𝑅2) in SCO due to EELB via COE is 31.9%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.2.5.3   Influence of Empowering & Engaging LB (EELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.16). Table 6.29 demonstrates that all three variables are 

significantly correlated: EELB and COE (r = 0.179), COE and SCL (r = 0.624) and EELB and 

SCL (r = 0.109). 
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Table 6. 29: Correlation results for EELB-CON-SCL 

Variable EELB COE SCL 

EELB 1   

COE 0.179 1  

SCL 0.109 0.624 1 

 

From the analysis, EELB significantly predicts COE (Path A): b = 0.179, BCa 95% CI [0.031, 

0.328], p < 0.050. The direct effect of EELB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.041, 0.260], p = 0.152.  

 

However, the proposed mediator, COE, significantly predicts SCL (Path B): b = 0.625, BCa 

95% CI [0.505, 0.745], p < 0.001. When COE was added to the regression analysis, the effect 

of EELB on SCL became non-significant (Path C’): b = - 0.0032 BCa 95% CI [- 0.123, 0.118], 

p = 0.968. Thus, proposed mediator COE does not mediate the relationship between EELB and 

SCL. Figure 6.16 displays the paths relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 16: Mediation model results for EELB-COE-SCL 

 

Table 6. 30: Mediation results for EELB-COE-SCL 

Path Description ß P-value Remark 

A EELB predicts COE 0.179 < 0.05 Significant 

B COE predicts SCL 0.625 < 0.001 Significant 

C EELB predicts SCL 0.109 0.152 Non-significant 

C’ EELB predicts SCL via COE - 0.002 0.968 Non-significant 
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A PROCESS analysis was conducted and revealed that EELB did not significantly predict SCL 

via its relationship to COE (Path A*B): b = 0.112, BCa CI [- 0.003, 0.234]. This result confirms 

that COE fails to be a mediator for the relationship between EELB and SCL. 

 

6.2.6 Summary of the Influence of Empowering and Engaging Leadership Behaviour 

In summary, the results of Section 6.2 show that EELB has a direct influence only on two types 

of SOs (SPA and SCO); thus, Hypotheses H1 and H3 are supported. Also, it has an indirect 

impact only on SPA and SCO via all five Complexity science principles (CON, INT, FBK, 

EXP and COE). The results do not show any direct or mediation role for SCL. Based on these 

findings, Hypotheses H2 and H4 are supported. Table 6.31 and Figure 6.17 include the 

mediation results. 

 

Table 6. 31: Summary of Regression Analysis for EELB 

Model Variables Mediation Results (Path A*B) 

Independent Mediator Dependent Type b-value R2 

 

 

 

 

 

 

 

EELB 

CON  

 

SPA 

Partial 0.109 38.7% 

INT Partial 0.102 33.9% 

FBK Partial 0.127 38.3% 

EXP Partial 0.107 46.6% 

COE Partial 0.107 39.2% 

CON  

 

SCO 

Partial 0.100 33.2% 

INT Partial 0.108 37.5% 

FBK Partial 0.126 37.4% 

EXP Partial 0.095 37.8% 

COE Partial 0.095 31.9% 

CON  

 

SCL 

- - - 

INT - - - 

FBK - - - 

EXP - - - 

COE - - - 
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Figure 6. 17: Summary of Regression Analysis for EELB 

Significant

Non-significant
 

 

6.3 Testing of the Influence of Modelling and Reinforcing Leadership 

Behaviour 

The influence of modelling and reinforcing leadership behaviour on the three kinds of SOs 

(safety participation, safety compliance and safety climate) was assessed in the following 

subsections. The first assessment tested the direct impact of modelling and reinforcing 

leadership behaviour on SOs, as well as its indirect impact through the five principles of 

complexity science; connectivity, interdependence, feedback, exploration-of-the-space-of-

possibilities and co-evolution. These analyses were conducted to test six of the research 

hypotheses (H7, H8, H9, H10, H11 and H12). A summary of the results is presented in Section 

6.3.6. 

 

6.3.1 Mediating Role of Connectivity (CON) 

6.3.1.1  Influence of Modelling & Reinforcing LB (MRLB) on Safety Participation  

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.18). Table 6.32 demonstrates that all three variables are 
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significantly correlated: MRLB and CON (r = 0.176), CON and SPA (r = 0.613) and MRLB and 

SPA (r = 0.185). 

 

Table 6. 32: Correlation results for MRLB-CON-SPA 

Variable MRLB CON SPA 

MRLB 1   

CON 0.176 1  

SPA 0.185 0.613 1 

 

From the analysis, MRLB significantly predicts CON (Path A): b = 0.176, BCa 95% CI [0.027, 

0.325], p < 0.050. The direct effect of MRLB on SPA was found to be significant (Path C): b = 

0.185, BCa 95% CI [0.037, 0.333], p < 0.050.  

 

The proposed mediator, CON, significantly predicts SPA (Path B): b = 0.599, BCa 95% CI 

[0.478, 0.720], p < 0.001. When CON was added to the regression analysis, the effect of MRLB 

on SPA remained significant (Path C’): b = 0.080, BCa 95% CI [0.041, 0.201], p < 0.050. Thus, 

proposed mediator CON partially mediates the relationship between MRLB and SPA. Figure 

6.18 displays the paths relevant to the standardised regression coefficients 
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 18: Mediation model results for MRLB-CON-SPA 
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Table 6. 33: Mediation results for MRLB-CON-SPA 

Path Description ß P-value Remark 

A MRLB predicts CON 0.176 < 0.050 Significant 

B CON predicts SPA 0.599 < 0.001 Significant 

C MRLB predicts SPA 0.185 < 0.050 Significant 

C’ MRLB predicts SPA via CON 0.080 < 0.050 Significant 

 

A PROCESS analysis was conducted and revealed that MRLB significantly predicts SPA via 

its relationship to CON (Path A*B): b = 0.105, BCa CI [0.008, 0.209]. Also, the percentage of 

overall change (𝑅2) in SPA due to MRLB via CON is 38.2%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.3.1.2  Influence of Modelling & Reinforcing LB (MRLB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.19). Table 6.34 demonstrates that all three variables are 

significantly correlated: MRLB and CON (r = 0.176), CON and SCO (r = 0.566) and MRLB and 

SCO (r = 0.231).  

 

Table 6. 34: Correlation results for MRLB-CON-SCO 

Variable MRLB CON SCO 

MRLB 1   

CON 0.176 1  

SCO 0.231 0.566 1 

 

From the analysis, MRLB significantly predicts CON (Path A): b = 0.176, BCa 95% CI [0.027, 

0.325], p < 0.050. The direct effect of MRLB on SCO was found to be significant (Path C): b = 

0.231, BCa 95% CI [0.085, 0.378], p < 0.050.  

 

The proposed mediator, CON, significantly predicts SCO (Path B): b = 0.542, BCa 95% CI 

[0.417, 0.667], p < 0.001. When CON was added to the regression analysis, the effect of MRLB 

on SCO remained significant (Path C’): b = 0.136, BCa 95% CI [0.011, 0.261], p < 0.050. As 

such, proposed mediator CON partially mediates the relationship between MRLB and SCO. 

Figure 6.19 displays the paths relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 19: Mediation model results for MRLB-CON-SCO 

 

Table 6. 35: Mediation results for MRLB-CON-SCO 

Path Description ß P-value Remark 

A MRLB predicts CON 0.176 < 0.050 Significant 

B CON predicts SCO 0.542 < 0.001 Significant 

C MRLB predicts SCO 0.231 < 0.050 Significant 

C’ MRLB predicts SCO via CON 0.136 < 0.050 Significant 

 

A PROCESS analysis was conducted and revealed that MRLB significantly predicts SCO via 

its relationship to CON (Path A*B): b = 0.095, BCa CI [0.008, 0.189]. Also, the percentage of 

overall change (𝑅2) in SCO due to MRLB via CON is 33.8%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.3.1.3  Influence of Modelling & Reinforcing LB (MRLB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.20). Table 6.36 demonstrates that all three variables are 

significantly correlated, namely, MRLB and CON (r = 0.176), CON and SCL (r = 0.610) and 

MRLB and SCL (r = 0.075). 
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Table 6. 36: Correlation results for MRLB-CON-SCL 

Variable MRLB CON  SCL 

MRLB 1   

CON 0.176 1  

SCL 0.075 0.610 1 

 

From the analysis, MRLB significantly predicts CON (Path A): b = 0.176, BCa 95% CI [0.027, 

0.325], p < 0.050. The direct effect of MRLB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.075, 0.226], p = 0.325  

 

However, the proposed mediator, CON, significantly predicts SCL (Path B): b = 0.616, BCa 

95% CI [0.494, 0.738], p < 0.001. When CON was added to the regression analysis, the effect 

of MRLB on SCL became non-significant (Path C’): b = - 0.033, BCa 95% CI [- 0.155, 0.089], 

p = 0.592. Therefore, CON does not mediate the relationship between MRLB and SCL. Figure 

6.20 displays the paths relevant to the standardised regression coefficients.  

 

Path B 

0.616***

Path A 

0.176**

Leadership 

Behaviour

Complexity 

Science
Safety 

Outcomes

Path C (C’) 

0.075n (- 0.033n)
Modelling & 

Reinforcing

Connectivity

Safety Climate

 

Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 20: Mediation model results for MRLB-CON-SCL 
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Table 6. 37: Mediation results for MRLB-CON-SCL 

Path Description ß P-value Remark 

A MRLB predicts CON 0.176 < 0.050 Significant 

B CON predicts SCL 0.616 < 0.001 Significant 

C MRLB predicts SCL 0.075 0.325 Non-significant 

C’ MRLB predicts SCL via CON - 0.033 0.592 Non-significant 

 

A PROCESS analysis was conducted, revealing that MRLB does not significantly predict SCL 

via its relationship to CON (Path A*B): b = 0.108, BCa CI [- 0.012, 0.214]. This result confirms 

that CON fails mediate for the relationship between MRLB and SCL. 

 

6.3.2 Mediating Role of Interdependence (INT) 

6.3.2.1  Influence of Promoting & Enabling LB (MRLB) on Safety Participation (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.21). Table 6.38 demonstrates that all three variables are 

significantly correlated: MRLB and INT (r = 0.126), INT and SPA (r = 0.571) and MRLB and 

SPA (r = 0.185). 

 

Table 6. 38: Correlation results for MRLB-INT-SPA 

Variable MRLB INT SPA 

MRLB 1   

INT 0.126 1  

SPA 0.185 0.571 1 

 

From the analysis, MRLB significantly predicts INT (Path A): b = 0.126, BCa 95% CI [0.024, 

0.275], p < 0.100. The direct effect of MRLB on SPA was found to be significant (Path C): b = 

0.185, BCa 95% CI [0.037, 0.333], p < 0.050.  

 

The proposed mediator, INT, significantly predicts SPA (Path B): b = 0.557, BCa 95% CI 

[0.433, 0.681], p < 0.001. When INT was added to the regression analysis, the effect of MRLB 

on SPA remained significant (Path C’): b = 0.115, BCa 95% CI [0.009, 0.239], p < 0.100, 

despite the strength of the relationship being diminished. As such, the proposed mediator INT, 
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partially mediates the relationship between MRLB and SPA. Figure 6.21 displays the paths 

relevant to the standardised regression coefficients 
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 21: Mediation model results for MRLB-INT-SPA 

 

Table 6. 39: Mediation results for MRLB-INT-SPA 

Path Description ß P-value Remark 

A MRLB predicts INT 0.126   < 0.100 Significant 

B INT predicts SPA 0.557 < 0.001 Significant 

C MRLB predicts SPA 0.185 < 0.050 Significant 

C’ MRLB predicts SPA via INT 0.115 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that MRLB significantly predicted SPA via 

its relationship to INT (Path A*B) b = 0.070, BCa CI [0.024, 0.185]. Furthermore, the 

percentage of overall change (𝑅2) in SPA due to MRLB via INT is 33.9%. This 𝑅2 value is 

considered a medium to large effect size (Cohen et al., 2003). 

 

6.3.2.2  Influence of Modelling and Reinforcing LB (MRLB) on Safety Compliance  

  (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.22). Table 6.40 demonstrates that all three variables are 

significantly correlated: MRLB and INT (r = 0.126), INT and SCO (r = 0.604) and MRLB and 

SCO (r = 0.231).  
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Table 6. 40: Correlation results for MRLB-INT-SCO 

Variable MRLB INT SCO 

MRLB 1   

INT 0.126 1  

SCO 0.231 0.604 1 

 

From the analysis, MRLB significantly predicts INT (Path A): b = 0.126, BCa 95% CI [0.024, 

0.275], p < 0.100. The direct effect of MRLB on SCO was found to be significant (Path C): b = 

0.231, BCa 95% CI [0.085, 0.378], p < 0.050.  

 

The proposed mediator, INT, significantly predicts SCO (Path B): b = 0.584, BCa 95% CI 

[0.465, 0.703], p < 0.001. When INT was added to the regression analysis, the effect of MRLB 

on SCO remained significant (Path C’): b = 0.231, BCa 95% CI [0.085, 0.378], p < 0.050. 

Thus, proposed mediator INT, partially mediates the relationship between MRLB and SCO. 

Figure 6.22 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 22: Mediation model results for MRLB-INT-SCO 

 

Table 6. 41: Mediation results for MRLB-INT-SCO 

Path Description ß P-value Remark 

A MRLB predicts INT 0.126 < 0.100 Significant 

B INT predicts SCO 0.584 < 0.001 Significant 

C MRLB predicts SCO 0.231 < 0.050 Significant 

C’ MRLB predicts SCO via INT 0.158 < 0.050 Significant 
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A PROCESS analysis was conducted, demonstrating that MRLB significantly predicts SCO via 

its relationship to INT (Path A*B): b = 0.073, BCa CI [0.029, 0.181]. Moreover, the percentage 

of overall change (𝑅2) in SCO due to MRLB via INT is 38.9%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.3.2.3  Influence of Modelling and Reinforcing LB (MRLB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.23). Table 6.42 demonstrates that all three variables are 

significantly correlated: MRLB and INT (r = 0.126), INT and SCL (r = 0.630) and MRLB and 

SCL (r = 0.075). 

 

Table 6. 42: Correlation results for MRLB-INT-SCL 

Variable MRLB INT SCL 

MRLB 1   

INT 0.126 1  

SCL 0.075 0.630 1 

 

From the analysis, MRLB significantly predicts INT (Path A): b = 0.126, BCa 95% CI [0.024, 

0.275], p < 0.100. The direct effect of MRLB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.075, 0.226], p = 0.325  

 

However, the proposed mediator, INT, significantly predicts SCL (Path B): b = 0.631, BCa 

95% CI [0.512, 0.749], p < 0.001. When INT was added to the regression analysis, the effect 

of MRLB on SCL became non-significant (Path C’): b = - 0.004, BCa 95% CI [- 0.122, 0.115], 

p = 0.947. Therefore, INT does not mediate the relationship between MRLB and SCL. Figure 

6.23 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 23: Mediation model results for MRLB-INT-SCL 

 

Table 6. 43: Mediation results for MRLB-INT-SCL 

Path Description ß P-value Remark 

A MRLB predicts INT 0.126 < 0.100 Significant 

B INT predicts SCL 0.631 < 0.001 Significant 

C MRLB predicts SCL 0.075 0.325 Non-significant 

C’ MRLB predicts SCL via INT - 0.004 0.947 Non-significant 

 

A PROCESS analysis was conducted and revealed that MRLB did not significantly predict SCL 

via its relationship to INT (Path A*B): b = 0.079, BCa CI [- 0.029, 0.199]. This result confirms 

that INT fails to be a mediate the relationship between MRLB and SCL. 

 

6.3.3 Mediating Role of Feedback (FBK) 

6.3.3.1  Influence of Modelling and Reinforcing LB (MRLB) on Safety Participation 

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.24). Table 6.44 demonstrates that all three variables are 

significantly correlated: MRLB and FBK (r = 0.208), FBK and SPA (r = 0.612) and MRLB and 

SPA (r = 0.185). 
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Table 6. 44: Correlation results for MRLB-FBK-SPA 

Variable MRLB FBK SPA 

MRLB 1   

FBK 0.208 1  

SPA 0.185 0.612 1 

 

From the analysis, MRLB significantly predicts FBK (Path A): b = 0.208, BCa 95% CI [0.060, 

0.356], p < 0.050. The direct effect of MRLB on SPA was found to be significant (Path C): b = 

0.185, BCa 95% CI [0.037, 0.333], p < 0.050.  

 

The proposed mediator, FBK, significantly predicts SPA (Path B): b = 0.600, BCa 95% CI 

[0.478, 0.722], p < 0.001. When FBK was added to the regression analysis, the effect of MRLB 

on SPA remained significant (Path C’): b = 0.060, BCa 95% CI [0.062, 0.182], p < 0.050 

despite the strength of the relationship being diminished. Thus, the proposed mediator FBK, 

partially mediates the relationship between MRLB and SPA. Figure 6.24 displays the paths 

relevant to the standardised regression coefficients. 
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Figure 6. 24: Mediation model results for MRLB-FBK-SPA 
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Table 6. 45: Mediation results for MRLB-FBK-SPA 

Path Description ß P-value Remark 

A MRLB predicts FBK 0.208 < 0.050 Significant 

B FBK predicts SPA 0.600 < 0.001 Significant 

C MRLB predicts SPA 0.185 < 0.050 Significant 

C’ MRLB predicts SPA via FBK 0.060 < 0.050 Significant 

 

A PROCESS analysis was conducted, showing that MRLB significantly predicts SPA via its 

relationship to FBK (Path A*B): b = 0.125, BCa CI [0.022, 0.239]. Also, the percentage of 

overall change (𝑅2) in SPA due to MRLB via FBK is 37.8%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.3.3.2   Influence of Modelling and Reinforcing LB (MRLB) on Safety Compliance  

  (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.25). Table 6.46 demonstrates that all three variables are 

significantly correlated, namely, MRLB and FBK (r = 0.208), FBK and SCO (r = 0.606) and 

MRLB and SCO (r = 0.231).  

 

Table 6. 46: Correlation results for MRLB-FBK-SCO 

Variable MRLB FBK SCO 

MRLB 1   

FBK 0.208 1  

SCO 0.231 0.606 1 

 

From the analysis, MRLB significantly predicts FBK (Path A): b = 0.208, BCa 95% CI [0.060, 

0.356], p < 0.050. The direct effect of MRLB on SCO was found to be significant (Path C): b = 

0.231, BCa 95% CI [0.085, 0.378], p < 0.050.  

 

The proposed mediator, FBK, significantly predicts SCO (Path B): b = 0.583, BCa 95% CI 

[0.461, 0.705], p < 0.001. When FBK was added to the regression analysis, the effect of MRLB 

on SCO remained significant (Path C’): b = 0.110, BCa 95% CI [0.012, 0.232], p < 0.050, 

despite the diminished strength of the relationship. As such, proposed mediator FBK, partially 
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mediates the relationship between MRLB and SCO. Figure 6.25 displays the paths relevant to 

the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 25: Mediation model results for MRLB-FBK-SCO 

 

Table 6. 47: Mediation results for MRLB-FBK-SCO 

Path Description ß P-value Remark 

A MRLB predicts FBK 0.208 < 0.050 Significant 

B FBK predicts SCO 0.583 < 0.001 Significant 

C MRLB predicts SCO 0.231 < 0.050 Significant 

C’ MRLB FBK predicts SCO via FBK 0.110 < 0.100 Significant 

 

A PROCESS analysis was conducted and revealed that MRLB significantly predicts SCO via 

its relationship to FBK (Path A*B): b = 0.121, BCa CI [0.021, 0.226]. Also, the percentage of 

overall change (𝑅2) in SCO due to MRLB via FBK is 37.8%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.3.3.3  Influence of Modelling and Reinforcing LB (MRLB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.26). Table 6.48 demonstrates that all three variables are 

significantly correlated: MRLB and FBK (r = 0.208), FBK and SCL (r = 0.582) and MRLB and 

SCL (r = 0.075). 
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Table 6. 48: Correlation results for MRLB-FBK-SCL 

Variable MRLB FBK  SCL 

MRLB 1   

FBK 0.208 1  

SCL 0.075 0.582 1 

 

From the analysis, MRLB significantly predicts FBK (Path A): b = 0.208, BCa 95% CI [0.060, 

0.356], p < 0.050. The direct effect of MRLB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.075, 0.226], p = 0.325.  

 

However, the proposed mediator, FBK, significantly predicts SCL (Path B): b = 0.592, BCa 

95% CI [0.66, 0.717], p < 0.001. When FBK was added to the regression analysis, the effect 

of MRLB on SCL became non-significant (Path C’): b = - 0.048, BCa 95% CI [- 0.174, 0.078], 

p = 0.454. Thus, proposed mediator FBK, does not mediate the relationship between MRLB and 

SCL. Figure 6.26 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 26: Mediation model results for MRLB-FBK-SCL 
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Table 6. 49: Mediation results for MRLB-FBK-SCL 

Path Description ß P-value Remark 

A MRLB predicts FBK 0.208  < 0.050 Significant 

B FBK predicts SCL 0.592 < 0.001 Significant 

C MRLB predicts SCL 0.075 0.325 Non-significant 

C’ MRLB predicts SCL via FBK - 0.048 0.454 Non-significant 

 

A PROCESS analysis was conducted, demonstrating that the MRLB does not significantly 

predict SCL via its relationship to FBK (Path A*B) b = 0.123, BCa CI [- 0.020, 0.231]. This 

result confirms that FBK fails to be a mediator for the relationship between MRLB and SCL. 

 

6.3.4 Mediating Role of Exploration-of-the-space-of-possibilities (EXP) 

6.3.4.1  Influence of Modelling and Reinforcing LB (MRLB) on Safety Participation 

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.27). Table 6.50 demonstrates that all three variables are 

significantly correlated: MRLB and EXP (r = 0.135), EXP and SPA (r = 0.674) and MRLB and 

SPA (r = 0.185). 

 

Table 6. 50: Correlation results for MRLB-EXP-SPA 

Variable MRLB EXP SPA 

MRLB 1   

EXP 0.135 1  

SPA 0.185 0.674 1 

 

From the analysis, MRLB significantly predicts EXP (Path A): b = 0.135, BCa 95% CI [0.014, 

0.385], p < 0.100. The direct effect of MRLB on SPA was found to be significant (Path C): b = 

0.185, BCa 95% CI [0.037, 0.333], p < 0.050.  

 

The proposed mediator, EXP, significantly predicts SPA (Path B): b = 0.661, BCa 95% CI 

[0.549, 0.773], p < 0.001. When EXP was added to the regression analysis, the effect of MRLB 

on SPA remained significant (Path C’): b = 0.096, BCa 95% CI [0.017, 0.208], p < 0.100, 

despite the strength of the relationship being diminished. Therefore, EXP partially mediates 
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the relationship between MRLB and SPA. Figure 6.27 displays the paths relevant to the 

standardised regression coefficients. 
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 27: Mediation model results for MRLB-EXP-SPA 

 

Table 6. 51: Mediation results for MRLB-EXP-SPA 

Path Description ß P-value Remark 

A MRLB predicts EXP 0.135 < 0.100 Significant 

B EXP predicts SPA 0.661 < 0.001 Significant 

C MRLB predicts SPA 0.185 < 0.050 Significant 

C’ MRLB and EXP predicts SPA 0.096 < 0.100 Significant 

 

A PROCESS analysis was conducted and showed that the MRLB significantly predicts SPA via 

its relationship to EXP (Path A*B): b = 0.090, BCa CI [0.016, 0.202]. Moreover, the percentage 

of overall change (𝑅2) in SPA due to MRLB via EXP is 46.3%. This 𝑅2 value is considered a 

medium effect size (Cohen et al., 2003). 

 

6.3.4.2  Influence of Modelling and Reinforcing LB (MRLB) on Safety Compliance  

  (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.28). Table 6.52 demonstrates that all three variables are 

significantly correlated: MRLB and EXP (r = 0.135), EXP and SCO (r = 0.604) and MRLB and 

SCO (r = 0.231).  

 



 
 
  
 

147 

 

Table 6. 52: Correlation results for MRLB-EXP-SCO 

Variable MRLB EXP SCO 

MRLB 1   

EXP 0.135 1  

SCO 0.231 0.604 1 

 

From the analysis, MRLB significantly predicts EXP (Path A): b = 0.135, BCa 95% CI [0.014, 

0.285], p < 0.100. The direct effect of MRLB on SCO was found to be significant (Path C): b = 

0.231, BCa 95% CI [0.085, 0.378], p < 0.050.  

 

The proposed mediator, EXP, significantly predicts SCO (Path B): b = 0.584, BCa 95% CI 

[0.464, 0.703], p < 0.001. When EXP was added to the regression analysis, the effect of MRLB 

on SCO remained significant (Path C’): b = 0.152, BCa 95% CI [0.033, 0.272], p < 0.050, 

despite the strength of the relationship being diminished. As such, the proposed mediator EXP, 

partially mediates the relationship between MRLB and SCO. Figure 6.28 displays the paths 

relevant to the standardised regression coefficients.  
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Figure 6. 28: Mediation model results for MRLB-EXP-SCO 

 

Table 6. 53: Mediation results for MRLB-EXP-SCO 

Path Description ß P-value Remark 

A MRLB predicts EXP 0.135 < 0.100 Significant 

B EXP predicts SCO 0.584 < 0.001 Significant 

C MRLB predicts SCO 0.231 < 0.050 Significant 

C’ MRLB EXP predicts SCO via EXP 0.152 < 0.050 Significant 
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A PROCESS analysis was conducted and revealed that MRLB significantly predicts SCO via 

its relationship to EXP (Path A*B): b = 0.079, BCa CI [0.014, 0.172]. Also, the percentage of 

overall change (𝑅2) in SCO due to MRLB via EXP is 38.8%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.3.4.3  Influence of Modelling and Reinforcing LB (MRLB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.29). Table 6.54 demonstrates that all three variables are 

significantly correlated: MRLB and EXP (r = 0.135), EXP and SCL (r = 0.670) and MRLB and 

SCL (r = 0.075). 

 

Table 6. 54: Correlation results for MRLB-EXP-SCL 

Variable MRLB EXP  SCL 

MRLB 1   

EXP 0.135 1  

SCL 0.075 0.670 1 

 

From the analysis, MRLB significantly predicts EXP (Path A): b = 0.135, BCa 95% CI [0.014, 

0.285], p < 0.100. The direct effect of MRLB on SCL was found to be non-significant (Path C): 

b = 0.109, BCa 95% CI [- 0.075, 0.226], p = 0.325  

 

However, the proposed mediator, EXP, significantly predicts SCL (Path B): b = 0.672, BCa 

95% CI [0.558, 0.785], p < 0.001. When EXP was added to the regression analysis, the effect 

of MRLB on SCL became non-significant (Path C’): b = - 0.016, BCa 95% CI [- 0.129, 0.098], 

p = 0.785. Thus, the proposed mediator EXP, does not mediate the relationship between MRLB 

and SCL. Figure 6.29 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 29: Mediation model results for MRLB-EXP-SCL 

 

Table 6. 55: Mediation results for MRLB-EXP-SCL 

Path Description ß P-value Remark 

A MRLB predicts EXP 0.135 < 0.100 Significant 

B EXP predicts SCL 0.672 < 0.001 Significant 

C MRLB predicts SCL 0.075 0.325 Non-significant 

C’ MRLB predicts SCL via EXP - 0.016 0.785 Non-significant 

 

A PROCESS analysis was conducted, revealing that the MRLB does not significantly predict 

SCL via its relationship to EXP (Path A*B): b = 0.091, BCa CI [- 0.013, 0.198]. This result 

confirms that EXP fails to be a mediator for the relationship between MRLB and SCL. 

 

6.3.5 Mediating Role of Co-evolution (COE) 

6.3.5.1  Influence of Modelling and Reinforcing LB (MRLB) on Safety Participation `

  (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.30). Table 6.56 demonstrates that all three variables are 

significantly correlated: MRLB and COE (r = 0.094), COE and SPA (r = 0.617) and MRLB and 

SPA (r = 0.185). 
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Table 6. 56: Correlation results for MRLB-COE-SPA 

Variable MRLB COE SPA 

MRLB 1   

COE 0.094 1  

SPA 0.185 0.617 1 

 

From the analysis, MRLB does not significantly predict COE (Path A): b = 0.094, BCa 95% CI 

[-0.057, 0.244], p = 0.221. The direct effect of MRLB on SPA was found to be significant (Path 

C): b = 0.185, BCa 95% CI [0.037, 0.333], p < 0.050.  

 

The proposed mediator, COE, significantly predicts SPA (Path B): b = 0.605, BCa 95% CI 

[0.487, 0.723], p < 0.001. When COE was added to the regression analysis, the effect of MRLB 

on SPA remained significant (Path C’): b = 0.128, BCa 95% CI [0.010, 0.247], p < 0.050. 

Therefore, COE fails to mediate the relationship between MRLB and SPA. Figure 6.30 displays 

the paths relevant to the standardised regression coefficients. 
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Figure 6. 30: Mediation model results for MRLB-COE-SPA 

 

Table 6. 57: Mediation results for MRLB-COE-SPA 

Path Description ß P-value Remark 

A MRLB predicts COE 0.094 0.221 Non-significant 

B COE predicts SPA 0.605 < 0.001 Significant 

C MRLB predicts SPA 0.185 < 0.050 Significant 

C’ MRLB predicts SPA via COE 0.128 < 0.050 Significant 
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A PROCESS analysis was conducted, indicating that MRLB does not significantly predicts SPA 

via its relationship to COE (Path A*B) b = 0.057, BCa CI [-0.039, 0.153]. This result confirms 

that COE fails to be a mediator for the relationship between MRLB and SPA. 

 

6.3.5.2  Influence of Modelling and Reinforcing LB (MRLB) on Safety Compliance  

  (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.31). Table 6.58 demonstrates that all three variables are 

significantly correlated: MRLB and COE (r = 0.094), COE and SCO (r = 0.554) and MRLB and 

SCO (r = 0.231).  

 

Table 6. 58: Correlation results for MRLB-COE-SCO 

Variable MRLB COE SCO 

MRLB 1   

COE 0.094 1  

SCO 0.231 0.554 1 

 

From the analysis, MRLB significantly predicts COE (Path A): b = 0.094, BCa 95% CI [- 0.057, 

0.244], p = 0.221. The direct effect of MRLB on SCO was found to be significant (Path C): b = 

0.231, BCa 95% CI [0.085, 0.378], p < 0.050.  

 

The proposed mediator, COE, significantly predicts SCO (Path B): b = 0.537, BCa 95% CI 

[0.413, 0.660], p < 0.001. When COE was added to the regression analysis, the effect of MRLB 

on SCO remained significant (Path C’): b = 0.181, BCa 95% CI [0.058, 0.305], p < 0.050. As 

such, the proposed mediator COE, fails to mediate the relationship between MRLB and SCO. 

Figure 6.31 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 31: Mediation model results for MRLB-COE-SCO 

 

Table 6. 59: Mediation results for MRLB-COE-SCO 

Path Description ß P-value Remark 

A MRLB predicts COE 0.094 0.221 Non-significant 

B COE predicts SCO 0.537 < 0.001 Significant 

C MRLB predicts SCO 0.231 < 0.050 Significant 

C’ MRLB predicts SCO via COE 0.181 < 0.050 Significant 

 

A PROCESS analysis was conducted and revealed that MRLB fails to significantly predict SCO 

via its relationship to COE (Path A*B): b = 0.050, BCa CI [-0.034, 0.136]. This result confirms 

that COE fails to be a mediator for the relationship between MRLB and SCO. 

 

6.3.5.3  Influence of Modelling and Reinforcing LB (MRLB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.32). Table 6.60 demonstrates that all three variables are 

significantly correlated: MRLB and COE (r = 0.094), COE and SCL (r = 0.624) and MRLB and 

SCL (r = 0.075). 

 

Table 6. 60: Correlation results for MRLB-COE-SCL 

Variable MRLB COE  SCL 

MRLB 1   

COE 0.094 1  

SCL 0.075 0.624 1 
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From the analysis, MRLB significantly predicts COE (Path A): b = 0.094, BCa 95% CI [- 0.057, 

0.244], p = 0.221. The direct effect of MRLB on SCL was found to be non-significant (Path C): 

b = 0.075, BCa 95% CI [- 0.075, 0.226], p = 0.325  

 

However, the proposed mediator, COE, significantly predicts SCL (Path B): b = 0.623, BCa 

95% CI [0.504, 0.742], p < 0.001. When COE was added to the regression analysis, the effect 

of MRLB on SCL became non-significant (Path C’): b = 0.017, BCa 95% CI [- 0.102, 0.136], p 

= 0.778. Thus, COE does not mediate the relationship between MRLB and SCL. Figure 6.32 

displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 32: Mediation model results for MRLB-COE-SCL 

 

Table 6. 61: Mediation results for MRLB-COE-SCL 

Path Description ß P-value Remark 

A MRLB predicts COE 0.094 0.221 Non-significant 

B COE predicts SCL 0.623 < 0.001 Significant 

C MRLB predicts SCL 0.075 0.325 Non-significant 

C’ MRLB predicts SCL via COE 0.017 0.778  Non-significant 

 

A PROCESS analysis was conducted, demonstrating that the MRLB does not significantly 

predict SCL via its relationship to COE (Path A*B): b = 0.058, BCa CI [- 0.044, 0.158]. This 

result confirms that COE fails to be a mediator for the relationship between MRLB and SCL. 
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6.3.6 Summary of the Influence of Modelling and Reinforcing Leadership Behaviour 

In summary, the results of Section 6.3 show that MRLB has a direct influence only on two types 

of SOs (SPA and SCO); thus, Hypotheses H7 and H9 are supported. Also, it has an indirect 

impact only on SPA and SCO via all five Complexity Science principles (CON, INT, FBK and 

EXP; excluding COE). The results did not show any direct or mediation role for SCL. Based 

on these findings, Hypotheses H8 and H10 are partially supported. Table 6.62 and Figure 6.33 

include the mediation results. 

 

Table 6. 62: Summary of Regression Analysis for MRLB 

Model Variables Mediation Results (Path A*B) 

Independent Mediator Dependent Type b-value R2 

 

 

 

 

 

 

 

MRLB 

CON  

 

SPA 

Partial 0.105 38.2% 

INT Partial 0.070 33.9% 

FBK Partial 0.125 37.8% 

EXP Partial 0.090 46.3% 

COE - - - 

CON  

 

SCO 

Partial 0.095 33.8% 

INT Partial 0.073 38.9% 

FBK Partial 0.121 37.8% 

EXP Partial 0.079 38.8% 

COE - - - 

CON  

 

SCL 

- - - 

INT - - - 

FBK - - - 

EXP - - - 

COE - - - 
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Figure 6. 33.: Summary of Regression Analysis for MRLB 

Significant

Non-significant
 

 

6.4 Testing of the Promoting and Enabling Leadership Behaviour 

The influence of Promoting and Enabling LB on the three kinds of SO (safety participation, 

safety compliance and safety climate) was assessed in the following subsections. The first 

assessment tested the direct impact of promoting and enabling LB on SOs, as well as its indirect 

impact through the five principles of complexity science; connectivity, interdependence, 

feedback, exploration-of-the-space-of-possibilities and co-evolution. These analyses were 

conducted to test six of the research hypotheses (H13, H14, H15, H16, H17 and H18). A 

summary of the results is presented in Section 6.4.6. 

 

6.4.1 Mediating Role of Connectivity (CON) 

6.4.1.1  Influence of Promoting & Enabling LB (PELB) on Safety Participation (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.34). Table 6.63 demonstrates that all three variables are 

significantly correlated: PELB and CON (r = 0.119), CON and SPA (r = 0.613) and PELB and 

SPA (r = 0.126). 
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Table 6. 63: Correlation results for PELB-CON-SPA 

Variable PELB CON SPA 

PELB 1   

CON 0.119 1  

SPA 0.126 0.613 1 

 

From the analysis, PELB significantly predicts CON (Path A): b = 0.119, BCa 95% CI [0.030, 

0.269], p < 0.050. The direct effect of PELB on SPA was found to be significant (Path C): b = 

0.126, BCa 95% CI [0.024, 0.275], p < 0.100.  

 

The proposed mediator, CON, significantly predicts SPA (Path B): b = 0.606, BCa 95% CI 

[0.486, 0.727], p < 0.001. When CON was added to the regression analysis, the effect of PELB 

on SPA remained significant (Path C’): b = 0.053, BCa 95% CI [0.067, 0.174], p < 0.050. As 

such, the proposed mediator CON, partially mediates the relationship between PELB and SPA. 

Figure 6.34   displays the paths relevant to the standardised regression coefficients. 
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Figure 6. 34: Mediation model results for PELB-CON-SPA 

 

Table 6. 64: Mediation results for PELB-CON-SPA 

Path Description ß P-value Remark 

A PELB predicts CON 0.119 < 0.050 Significant 

B CON predicts SPA 0.606 < 0.001 Significant 

C PELB predicts SPA 0.126 < 0.100 Significant 

C’ PELB predicts SPA via CON 0.053 < 0.050 Significant 
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A PROCESS analysis was conducted, revealing that PELB significantly predicts SPA via its 

relationship to CON (Path A*B): b = 0.072, BCa CI [0.026, 0.175]. Also, the percentage of 

overall change (𝑅2) in SPA due to PELB via CON is 37.8%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

 6.4.1.2  Influence of Promoting & Enabling LB (PELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.35). Table 6.65 demonstrates that all three variables are 

significantly correlated: PELB and CON (r = 0.119), CON and SCO (r = 0.566) and PELB and 

SCO (r = 0.144).  

 

Table 6. 65: Correlation results for PELB-CON-SCO 

Variable PELB CON SCO 

PELB 1   

CON 0.119 1  

SCO 0.144 0.566 1 

 

From the analysis, PELB significantly predicts CON (Path A): b = 0.119, BCa 95% CI [0.030, 

0.269], p < 0.050. The direct effect of PELB on SCO was found to be significant (Path C): b = 

0.144, BCa 95% CI [0.005, 0.294], p < 0.100.  

 

The proposed mediator, CON, significantly predicts SCO (Path B): b = 0.566, BCa 95% CI 

[0.431, 0.682], p < 0.001. When CON was added to the regression analysis, the effect of PELB 

on SCO remained significant (Path C’): b = 0.078, BCa 95% CI [0.047, 0.203], p < 0.050. 

Therefore, CON partially mediates the relationship between PELB and SCO. Figure 6.35 

displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 35: Mediation model results for PELB-CON-SCO 

 

Table 6. 66: Mediation results for PELB-CON-SCO 

Path Description β P-value Remark 

A PELB predicts CON 0.119 < 0.050 Significant 

B CON predicts SCO 0.556 < 0.001 Significant 

C PELB predicts SCO 0.144 < 0.100 Significant 

C’ PELB predicts SCO via CON 0.078 < 0.050 Significant 

 

A PROCESS analysis was conducted, indicating that PELB significantly predicts SCO via its 

relationship to CON (Path A*B) b = 0.066, BCa CI [0.024, 0.164]. Furthermore, the percentage 

of overall change (𝑅2) in SCO due to PELB via CON is 32.6%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.4.1.3  Influence of Promoting & Enabling LB (PELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.36). Table 6.67 demonstrates that all three variables were 

significantly correlated: PELB and CON (r = 0.119), CON and SCL (r = 0.610) and PELB and 

SCL (r = 0.052). 
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Table 6. 67: Correlation results for PELB-CON-SCL 

Variable PELB CON  SCL 

PELB 1   

CON 0.119 1  

SCL 0.052 0.610 1 

 

From the analysis, PELB significantly predicts CON (Path A): b = 0.119, BCa 95% CI [0.030, 

0.269], p < 0.050. The direct effect of PELB on SCL was found to be non-significant (Path C): 

b = 0.052, BCa 95% CI [- 0.099, 0.203], p = 0.498 

 

However, the proposed mediator, CON, significantly predicts SCL (Path B): b = 0.613, BCa 

95% CI [0.492, 0.734], p < 0.001. When CON was added to the regression analysis, the effect 

of PELB on SCL became non-significant (Path C’): b = - 0.021, BCa 95% CI [- 0.142, 0.099], 

p = 0.728. As such, proposed mediator CON does not mediate the relationship between PELB 

and SCL. Figure 6.36 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 36: Mediation model results for PELB-CON-SCL 
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Table 6. 68: Mediation results for PELB-CON-SCL 

Path Description β P-value Remark 

A PELB predicts CON 0.119 < 0.050 Significant 

B CON predicts SCL 0.613 < 0.001 Significant 

C PELB predicts SCL 0.052 0.498 Non-significant 

C’ PELB predicts SCL via CON - 0.021 0.728 Non-significant 

 

A PROCESS analysis was conducted and demonstrated that PELB did not significantly predict 

SCL via its relationship to CON (Path A*B): b = 0.073, BCa CI [- 0.030, 0.177]. This result 

confirms that CON fails to mediate the relationship between PELB and SCL. 

 

6.4.2 Mediating Role of Interdependence (INT) 

6.4.2.1  Influence of Promoting & Enabling LB (PELB) on Safety Participation (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.37). Table 6.69 demonstrates that all three variables are 

significantly correlated: PELB and INT (r = 0.162), INT and SPA (r = 0.571) and PELB and SPA 

(r = 0.126). 

 

Table 6. 69: Correlation results for PELB-INT-SPA 

Variable PELB INT SPA 

PELB 1   

INT 0.162 1  

SPA 0.126 0.571 1 

 

From the analysis, PELB significantly predicts INT (Path A): b = 0.162, BCa 95% CI [0.033, 

0.311], p < 0.050. The direct effect of PELB on SPA was found to be significant (Path C): b = 

0.126, BCa 95% CI [0.024, 0.275], p < 0.100.  

 

The proposed mediator, INT, significantly predicts SPA (Path B): b = 0.566, BCa 95% CI 

[0.440, 0.691], p < 0.001. When INT was added to the regression analysis, the effect of PELB 

on SPA remained significant (Path C’): b = 0.034, BCa 95% CI [0.092, 0.160], p < 0.100. Thus, 

proposed mediator INT partially mediates the relationship between PELB and SPA. Figure 6.37   

displays the paths relevant to the standardised regression coefficients. 
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 37: Mediation model results for PELB-INT-SPA 

 

Table 6. 70: Mediation results for PELB-INT-SPA 

Path Description β P-value Remark 

A PELB predicts INT 0.162 < 0.050 Significant 

B INT predicts SPA 0.566 < 0.001 Significant 

C PELB predicts SPA 0.126 < 0.100 Significant 

C’ PELB predicts SPA via INT 0.034 < 0.100 Significant 

 

A PROCESS analysis was conducted, demonstrating that PELB significantly predicts SPA via 

its relationship to INT (Path A*B): b = 0.092, BCa CI [0.004, 0.197]. Additionally, the 

percentage of overall change (𝑅2) in SPA due to PELB via INT is 32.7%. This 𝑅2 value is 

considered a medium to large effect size (Cohen et al., 2003). 

 

6.4.2.2  Influence of Promoting & Enabling LB (PELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.38). Table 6.71 shows that all three variables are significantly 

correlated: PELB and INT (r = 0.162), INT and SCO (r = 0.604) and PELB and SCO (r = 0.144).  
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Table 6. 71: Correlation results for PELB-INT-SCO 

Variable PELB INT SCO 

PELB 1   

CON 0.162 1  

SCO 0.144 0.604 1 

 

From the analysis, PELB significantly predicts INT (Path A): b = 0.162, BCa 95% CI [0.013, 

0.311], p < 0.050. The direct effect of PELB on SCO was found to be significant (Path C): b = 

0.144, BCa 95% CI [0.005, 0.294], p < 0.100.  

 

The proposed mediator, INT, significantly predicts SCO (Path B): b = 0.596, BCa 95% CI 

[0.474, 0.718], p < 0.001. When INT was added to the regression analysis, the effect of PELB 

on SCO remained significant (Path C’): b = 0.048, BCa 95% CI [0.074, 0.170], p < 0.050. 

Therefore, proposed mediator INT partially mediates the relationship between PELB and SCO. 

Figure 6.38 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 38: Mediation model results for PELB-INT-SCO 
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Table 6. 72: Mediation results for PELB-INT-SCO 

Path Description β P-value Remark 

A PELB predicts INT 0.162 < 0.050 Significant 

B INT predicts SCO 0.596 < 0.001 Significant 

C PELB predicts SCO 0.144 < 0.100 Significant 

C’ PELB predicts SCO via INT 0.048 < 0.050 Significant 

 

A PROCESS analysis was conducted and revealed that PELB significantly predicts SCO via its 

relationship to INT (Path A*B): b = 0.097, BCa CI [0.007, 0.199], and the percentage of overall 

change (𝑅2) in SCO due to PELB via INT is 36.7%. This 𝑅2 value is considered a medium to 

large effect size (Cohen et al., 2003). 

 

6.4.2.3  Influence of Promoting & Enabling LB (PELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.39). Table 6.73 demonstrates that all three variables are 

significantly correlated: PELB and INT (r = 0.162), INT and SCL (r = 0.630) and PELB and SCL 

(r = 0.052). 

 

Table 6. 73: Correlation results for PELB-CON-SCL 

Variable PELB INT SCL 

PELB 1   

CON 0.162 1  

SCL 0.052 0.630 1 

 

From the analysis, PELB significantly predicts INT (Path A): b = 0.162, BCa 95% CI [0.013, 

0.311], p < 0.050. The direct effect of PELB on SCL was found to be non-significant (Path C): 

b = 0.052, BCa 95% CI [- 0.099, 0.203], p = 0.498 

 

However, the proposed mediator, INT, significantly predicts SCL (Path B): b = 0.638, BCa 

95% CI [0.520, 0.757], p < 0.001. When INT was added to the regression analysis, the effect 

of PELB on SCL became non-significant (Path C’): b = - 0.052, BCa 95% CI [- 0.171, 0.067], 
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p = 0.393. As such, INT, does not mediate the relationship between PELB and SCL. Figure 6.39 

displays the paths relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 39: Mediation model results for PELB-INT-SCL 

 

Table 6. 74: Mediation results for PELB-INT-SCL 

Path Description β P-value Remark 

A PELB predicts INT 0.162 < 0.050 Significant 

B INT predicts SCL 0.638 < 0.001 Significant 

C PELB predicts SCL 0.052 0.498 Non-significant 

C’ PELB predicts SCL via INT -0.052 0.393 Non-significant 

 

A PROCESS analysis was conducted, revealing that PELB does not significantly predict SCL 

via its relationship to INT (Path A*B) b = 0.103, BCa CI [- 0.004, 0.209]. This result confirms 

that INT fails to be a mediator for the relationship between PELB and SCL. 

 

6.4.3 Mediating Role of Feedback (FBK) 

6.4.3.1  Influence of Promoting & Enabling LB (PELB) on Safety Participation (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.40). Table 6.75 demonstrates that all three variables are 

significantly correlated: PELB and FBK (r = 0.219), FBK and SPA (r = 0.612) and PELB and 

SPA (r = 0.126). 
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Table 6. 75: Correlation results for PELB-CON-SPA 

Variable PELB FBK SPA 

PELB 1   

FBK 0.219 1  

SPA 0.126 0.612 1 

 

From the analysis, PELB significantly predicts FBK (Path A): b = 0.219, BCa 95% CI [0.071, 

0.366], p < 0.050. The direct effect of PELB on SPA was found to be significant (Path C): b = 

0.126, BCa 95% CI [0.024, 0.275], p < 0.100.  

 

The proposed mediator, FBK, significantly predicts SPA (Path B): b = 0.614, BCa 95% CI 

[0.491, 0.737], p < 0.001. When FBK was added to the regression analysis, the effect of PELB 

on SPA remained significant (Path C’): b = - 0.008, BCa 95% CI [0.031, 0.114], p < 0.100. 

Therefore, proposed mediator FBK partially mediates the relationship between PELB and SPA. 

Figure 6.40   displays the paths relevant to the standardised regression coefficients. 
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Figure 6. 40: Mediation model results for PELB-FBK-SPA 

 

Table 6. 76: Mediation results for PELB-FBK-SPA 

Path Description β P-value Remark 

A PELB predicts FBK 0.219 < 0.05 Significant 

B FBK predicts SPA 0.614 < 0.001 Significant 

C PELB predicts SPA 0.126 < 0.100 Significant 

C’ PELB predicts SPA via FBK - 0.008 < 0.100 Significant 
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A PROCESS analysis was conducted, demonstrating that PELB significantly predicts SPA via 

its relationship to FBK (Path A*B) b = 0.134, BCa CI [0.030, 0.251]. Furthermore, the 

percentage of overall change (𝑅2) in SPA due to PELB via FBK is 37.5%. This 𝑅2 value is 

considered a medium to large effect size (Cohen et al., 2003). 

 

6.4.3.2  Influence of Promoting & Enabling LB (PELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.41). Table 6.77 demonstrates that all three variables are 

significantly correlated: PELB and FBK (r = 0.219), FBK and SCO (r = 0.606) and PELB and 

SCO (r = 0.144).  

 

Table 6. 77: Correlation results for PELB-CON-SCO 

Variable PELB FBK SCO 

PELB 1   

FBK 0.219 1  

SCO 0.144 0.606 1 

 

From the analysis, PELB significantly predicts FBK (Path A): b = 0.219, BCa 95% CI [0.071, 

0.366], p < 0.050. The direct effect of PELB on SCO was found to be significant (Path C): b = 

0.144, BCa 95% CI [0.005, 0.294], p < 0.100.  

 

The proposed mediator, FBK, significantly predicts SCO (Path B): b = 0.603, BCa 95% CI 

[0.479, 0.726], p < 0.001. When FBK was added to the regression analysis, the effect of PELB 

on SCO remained significant (Path C’): b = 0.012, BCa 95% CI [0.111, 0.136], p < 0.100. 

Therefore, proposed mediator FBK, partially mediates the relationship between PELB and SCO. 

Figure 6.41 displays the paths relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 41: Mediation model results for PELB-FBK-SCO 

 

Table 6. 78: Mediation results for PELB-FBK-SCO 

Path Description β P-value Remark 

A PELB predicts FBK 0.219 < 0.050 Significant 

B FBK predicts SCO 0.603 < 0.001 Significant 

C PELB predicts SCO 0.144 < 0.100 Significant 

C’ PELB predicts SCO via FBK 0.012 < 0.100 Significant 

 

A PROCESS analysis was conducted indicated that PELB significantly predicted SCO via its 

relationship to FBK (Path A*B): b = 0.132, BCa CI [0.031, 0.241]; the percentage of overall 

change (𝑅2) in SCO due to PELB via FBK is 36.7% as well. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.4.3.3  Influence of Promoting & Enabling LB (PELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.42). Table 6.79 demonstrates that all three variables are 

significantly correlated: PELB and FBK (r = 0.219), FBK and SCL (r = 0.582) and PELB and 

SCL (r = 0.052). 
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Table 6. 79: Correlation results for PELB-CON-SCL 

Variable PELB FBK  SCL 

PELB 1   

FBK 0.219 1  

SCL 0.052 0.582 1 

 

From the analysis, PELB significantly predicts FBK (Path A): b = 0.219, BCa 95% CI [0.071, 

0.366], p < 0.050. The direct effect of PELB on SCL was found to be non-significant (Path C): 

b = 0.052, BCa 95% CI [- 0.099, 0.203], p = 0.498. 

 

However, the proposed mediator, FBK, significantly predicts SCL (Path B): b = 0.599, BCa 

95% CI [0.473, 0.725], p < 0.001. When FBK was added to the regression analysis, the effect 

of PELB on SCL became non-significant (Path C’): b = - 0.079, BCa 95% CI [- 0.205, 0.047], 

p = 0.216. Thus, proposed mediator FBK does not mediate the relationship between PELB and 

SCL. Figure 6.42 displays the paths relevant to the standardised regression coefficients.  
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Figure 6. 42: Mediation model results for PELB-FBK-SCL 
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Table 6. 80: Mediation results for PELB-FBK-SCL 

Path Description β P-value Remark 

A PELB predicts FBK 0.219 < 0.050 Significant 

B FBK predicts SCL 0.599 < 0.001 Significant 

C PELB predicts SCL 0.052 0.498 Non-significant 

C’ PELB predicts SCL via FBK - 0.079 0.216 Non-significant 

 

A PROCESS analysis was conducted, indicating that PELB does not significantly predict SCL 

via its relationship to FBK (Path A*B): b = 0.131, BCa CI [- 0.029, 0.242]. This result confirms 

that FBK fails to be a mediator for the relationship between PELB and SCL. 

 

6.4.4 Mediating Role of Exploration-of-the-space-of-possibilities (EXP) 

6.4.4.1  Influence of Promoting & Enabling LB (PELB) on Safety Participation (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.43). Table 6.81 demonstrates that all three variables are 

significantly correlated: PELB and EXP (r = 0.068), EXP and SPA (r = 0.674) and PELB and 

SPA (r = 0.126). 

 

Table 6. 81: Correlation results for PELB-EXP-SPA 

Variable PELB EXP SPA 

PELB 1   

EXP 0.068 1  

SPA 0.126 0.674 1 

 

From the analysis, PELB significantly predicts EXP (Path A): b = 0.068, BCa 95% CI [0.082, 

0.219], p < 0.050. The direct effect of PELB on SPA was found to be significant (Path C): b = 

0.126, BCa 95% CI [0.024, 0.275], p < 0.100.  

 

The proposed mediator, EXP, significantly predicts SPA (Path B): b = 0.668, BCa 95% CI 

[0.557, 0.780], p < 0.001. When EXP was added to the regression analysis, the effect of PELB 

on SPA remained significant (Path C’): b = 0.080, BCa 95% CI [0.031, 0.192], p < 0.050. 

Therefore, indicates that the proposed mediator EXP, partially mediates the relationship 
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between PELB and SPA. Figure 6.43   displays the paths relevant to the standardised regression 

coefficients. 
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Figure 6. 43: Mediation model results for PELB-EXP-SPA 

 

Table 6. 82: Mediation results for PELB-EXP-SPA 

Path Description β P-value Remark 

A PELB predicts EXP 0.068 < 0.050 Significant 

B EXP predicts SPA 0.668 < 0.001 Significant 

C PELB predicts SPA 0.126 < 0.100 Significant 

C’ PELB predicts SPA via EXP 0.080 < 0.050 Significant 

 

A PROCESS analysis was conducted revealing that the PELB significantly predicts SPA via its 

relationship to EXP (Path A*B): b = 0.046, BCa CI [0.062, 0.163]. Also, the percentage of 

overall change (𝑅2) in SPA due to PELB via EXP is 46.0%. This 𝑅2 value is considered a 

medium effect size (Cohen et al., 2003). 

 

6.4.4.2  Influence of Promoting & Enabling LB (PELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.44). Table 6.83 demonstrates that all three variables are 

significantly correlated, namely, PELB and EXP (r = 0.068), EXP and SCO (r = 0.604) and 

PELB and SCO (r = 0.144).  
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Table 6. 83: Correlation results for PELB-EXP-SCO 

Variable PELB EXP SCO 

PELB 1   

EXP 0.068 1  

SCO 0.144 0.604 1 

 

From the analysis, PELB significantly predicts EXP (Path A): b = 0.068, BCa 95% CI [0.082, 

0.219], p < 0.050. The direct effect of PELB on SCO was found to be significant (Path C): b = 

0.144, BCa 95% CI [0.005, 0.294], p < 0.100.  

 

The proposed mediator, EXP, significantly predicts SCO (Path B): b = 0.597, BCa 95% CI 

[0.477, 0.717], p < 0.001. When EXP was added to the regression analysis, the effect of PELB 

on SCO remained significant (Path C’): b = 0.103, BCa 95% CI [0.017, 0.223], p < 0.100. 

Thus, EXP partially mediates the relationship between PELB and SCO. Figure 6.44 displays the 

paths relevant to the standardised regression coefficients.  
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Figure 6. 44: Mediation model results for PELB-EXP-SCO 
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Table 6. 84: Mediation results for PELB-EXP-SCO 

Path Description β P-value Remark 

A PELB predicts EXP 0.068 < 0.050 Significant 

B EXP predicts SCO 0.597 < 0.001 Significant 

C PELB predicts SCO 0.144 < 0.100 Significant 

C’ PELB predicts SCO via EXP 0.103 < 0.100 Significant 

 

A PROCESS analysis was conducted, demonstrating that PELB significantly predicts SCO via 

its relationship to EXP (Path A*B): b = 0.041, BCa CI [0.058, 0.139]. Furthermore, the 

percentage of overall change (𝑅2) in SCO due to PELB via EXP is 37.6%. This 𝑅2 value is 

considered a medium to large effect size (Cohen et al., 2003). 

 

6.4.4.3   Influence of Promoting & Enabling LB (PELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.45). Table 6.85 demonstrates that all three variables are 

significantly correlated: PELB and EXP (r = 0.068), EXP and SCL (r = 0.670) and PELB and 

SCL (r = 0.052). 

 

Table 6. 85: Correlation results for PELB-CON-SCL 

Variable PELB EXP  SCL 

PELB 1   

EXP 0.068 1  

SCL 0.052 0.670 1 

 

From the analysis, PELB significantly predicts EXP (Path A): b = 0.068, BCa 95% CI [0.082, 

0.219], p < 0.050. The direct effect of PELB on SCL was found to be non-significant (Path C): 

b = 0.052, BCa 95% CI [- 0.099, 0.203], p = 0.498. 

 

However, the proposed mediator, EXP, significantly predicts SCL (Path B): b = 0.669, BCa 

95% CI [0.557, 0.782], p < 0.001. When EXP was added to the regression analysis, the effect 

of PELB on SCL became significant (Path C’): b = 0.006, BCa 95% CI [- 0.107, 0.119], p < 

0.100.  Overall, this finding indicates that the proposed mediator EXP, mediated the 
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relationship between PELB and SCL fully. Figure 6.45 displays the paths relevant to the 

standardised regression coefficients.  
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Figure 6. 45: Mediation model results for PELB-EXP-SCL 

 

Table 6. 86: Mediation results for PELB-EXP-SCL 

Path Description β P-value Remark 

A PELB predicts EXP 0.068 < 0.050 Significant 

B EXP predicts SCL 0.669 < 0.001 Significant 

C PELB predicts SCL 0.052 0.498 Non-significant 

C’ PELB predicts SCL via EXP 0.006 < 0.100 Significant 

 

A PROCESS analysis was conducted, revealing that PELB did not significantly predict SCL via 

its relationship to EXP (Path A*B) b = 0.046, BCa CI [0.062, 0.160]. Moreover, the percentage 

of overall change (𝑅2) in SCL due to PELB via COE is 39.2%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.4.5 Mediating Role of Co-evolution (COE) 

6.4.5.1  Influence of Promoting & Enabling LB (PELB) on Safety Participation (SPA) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.46). Table 6.87 demonstrates that all three variables are 

significantly correlated: PELB and COE (r = 0.029), CON and SPA (r = 0.617) and PELB and 

SPA (r = 0.126). 
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Table 6. 87: Correlation results for PELB-COE-SPA 

Variable PELB COE SPA 

PELB 1   

COE 0.029 1  

SPA 0.126 0.617 1 

 

From the analysis, PELB significantly predicts COE (Path A): b = 0.029, BCa 95% CI [0.122, 

0.180], p < 0.100. The direct effect of PELB on SPA was found to be significant (Path C): b = 

0.126, BCa 95% CI [0.024, 0.275], p < 0.100.  

 

The proposed mediator, COE, significantly predicts SPA (Path B): b = 0.614, BCa 95% CI 

[0.495, 0.732], p < 0.001. When COE was added to the regression analysis, the effect of PELB 

on SPA remained significant (Path C’): b = 0.108, BCa 95% CI [0.010, 0.226], p < 0.100. 

Therefore, COE partially mediates the relationship between PELB and SPA. Figure 6.46   

displays the paths relevant to the standardised regression coefficients. 
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 46: Mediation model results for PELB-COE-SPA 

 

Table 6. 88: Mediation results for PELB-COE-SPA 

Path Description β P-value Remark 

A PELB predicts COE 0.029 < 0.100 Significant 

B COE predicts SPA 0.614 < 0.001 Significant 

C PELB predicts SPA 0.126 < 0.100 Significant 

C’ PELB predicts SPA via COE 0.108 < 0.100 Significant 

 



 
 
  
 

175 

 

A PROCESS analysis was conducted, demonstrating that PELB significantly predicts SPA via 

its relationship to COE (Path A*B): b = 0.018, BCa CI [0.084, 0.120]. Also, the percentage of 

overall change (𝑅2) in SPA due to PELB via COE is 39.2%. This 𝑅2 value is considered a 

medium to large effect size (Cohen et al., 2003). 

 

6.4.5.2 Influence of Promoting & Enabling LB (PELB) on Safety Compliance (SCO) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.47). Table 6.89 demonstrates that all three variables are 

significantly correlated: PELB and COE (r = 0.029), COE and SCO (r = 0.554) and PELB and 

SCO (r = 0.144).  

 

Table 6. 89: Correlation results for PELB-COE-SCO 

Variable PELB COE SCO 

PELB 1   

COE 0.029 1  

SCO 0.144 0.554 1 

 

From the analysis, PELB significantly predicts COE (Path A): b = 0.029, BCa 95% CI [0.122, 

0.180], p < 0.100. The direct effect of PELB on SCO was found to be significant (Path C): b = 

0.144, BCa 95% CI [0.005, 0.294], p < 0.100.  

 

The proposed mediator, COE, significantly predicts SCO (Path B): b = 0.550, BCa 95% CI 

[0.425, 0.674], p < 0.001. When COE was added to the regression analysis, the effect of PELB 

on SCO remained significant (Path C’): b = 0.128, BCa 95% CI [0.004, 0.253], p < 0.050. 

Therefore, proposed mediator COE partially mediates the relationship between PELB and SCO. 

Figure 6.47 displays the paths relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 47: Mediation model results for PELB-COE-SCO 

 

Table 6. 90: Mediation results for PELB-COE-SCO 

Path Description β P-value Remark 

A PELB predicts COE 0.029 < 0.100 Significant 

B COE predicts SCO 0.550 < 0.001 Significant 

C PELB predicts SCO 0.144 < 0.100 Significant 

C’ PELB predicts SCO via COE 0.128 < 0.050 Significant 

 

A PROCESS analysis was conducted; it demonstrated that PELB significantly predicts SCO via 

its relationship to COE (Path A*B): b = 0.016, BCa CI [0.075, 0.104]. Furthermore, the 

percentage of overall change (𝑅2) in SCO due to PELB via COE is 32.3%. This 𝑅2 value is 

considered a medium to large effect size (Cohen et al., 2003). 

 

6.4.5.3  Influence of Promoting & Enabling LB (PELB) on Safety Climate (SCL) 

Multiple regression analyses were conducted to assess each component of the hypothesised 

mediation model (see Figure 6.48). Table 6.91 demonstrates that all three variables are 

significantly correlated: PELB and COE (r = 0.029), COE and SCL (r = 0.624) and PELB and 

SCL (r = 0.052). 
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Table 6. 91: Correlation results for PELB-COE-SCL 

Variable PELB COE  SCL 

PELB 1   

COE 0.029 1  

SCL 0.052 0.624 1 

 

From the analysis, PELB significantly predicts COE (Path A): b = 0.029, BCa 95% CI [0.122, 

0.180], p < 0.100. The direct effect of PELB on SCL was found to be non-significant (Path C): 

b = 0.052, BCa 95% CI [- 0.099, 0.203], p = 0.498. 

 

However, the proposed mediator, COE, significantly predicts SCL (Path B): b = 0.623, BCa 

95% CI [0.505, 0.742], p < 0.001. When COE was added to the regression analysis, the effect 

of PELB on SCL became non-significant (Path C’): b = 0.034, BCa 95% CI [- 0.084, 0.152], p 

= 0.573. Thus, the proposed mediator COE, does not mediate the relationship between PELB 

and SCL. Figure 6.48 displays the paths relevant to the standardised regression coefficients.  
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Note: ***p < 0.001; **p < 0.05; *p < 0.10; n = non-significant 

Figure 6. 48: Mediation model results for PELB-COE-SCL 
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Table 6. 92: Mediation results for PELB-COE-SCL 

Path Description β P-value Remark 

A PELB predicts COE 0.029 < 0.100 Significant 

B COE predicts SCL 0.623 < 0.001 Significant 

C PELB predicts SCL 0.052 0.498 Non-significant 

C’ PELB predicts SCL via COE 0.034 0.573 Non-significant 

 

A PROCESS analysis was conducted, and it indicated that PELB does not significantly predict 

SCL via its relationship to COE (Path A*B): b = 0.018, BCa CI [- 0.083, 0.123]. This result 

confirms that COE fails to be a mediator for the relationship between PELB and SCL. 

 

6.4.6 Summary of the Influence of Promoting and Enabling Leadership Behaviour 

In summary, the results of Section 6.2 – 6.4 show that PELB had a direct influence only on two 

types of SOs (SPA and SCO); thus, Hypotheses H13 and H15 are supported. Also, it had an 

indirect impact only on SPA and SCO from all five complexity science principles (CON, INT, 

FBK, EXP and COE). The results did not show any direct or mediation role for SCL. Based on 

these findings, Hypotheses H14 and H16 are supported. Table 6.93 and Figure 6.49 include the 

mediation results. 

 
Table 6. 93: Summary of Regression Analysis for PELB 

Model Variables Mediation Results (Path A*B) 

Independent Mediator Dependent Type b-value R2 

 

 

 

 

 

 

 

PELB 

CON  

 

SPA 

Partial 0.072 37.8% 

INT Partial 0.092 32.7% 

FBK Partial 0.134 37.5% 

EXP Partial 0.046 46.0% 

COE Partial 0.018 39.2% 

CON  

 

SCO 

Partial 0.066 32.6% 

INT Partial 0.097 36.7% 

FBK Partial 0.132 36.7% 

EXP Partial 0.041 37.6% 

COE Partial 0.016 32.3% 

CON  

 

SCL 

- - - 

INT - - - 

FBK - - - 

EXP Full 0.046 39.2% 

COE - - - 
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Figure 6. 49: Summary of Regression Analysis for PELB 

Significant

Non-significant
 

 

6.5 Chapter Summary 

In summary, the results demonstrate that EELB, MRLB and PELB positively influence SOs (SPA 

and SCO) directly - but not SCL. Consequently, H1, H3, H7, H9, H13 and H15 were supported. 

With regards to the mediating role of CS, the analyses showed that all the principles (CON, 

INT, FBK, EXP and COE) mediate the relationship between EELB and SOs (namely SPA and 

SCO; excluding SCL); supporting Hypotheses H2 and H4. 

 

As for MRLB and SOs, only four principles of complexity science mediate the relationship for 

SPA and SCO – namely CON, INT, FBK and EXP (excluding COE) – supporting Hypotheses 

H8 and H10. The mediating effect for SCL was also not supported.  The third relationship 

between PELB and SOs was mediated by all five principles of complexity science for SPA and 

SCO, excluding SCL. Thus, hypotheses H14 and H16 were supported. 
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Chapter 7: Structural Equation Modelling 
 

This chapter details the relationship between the constructs of the proposed model. The chapter 

begins with Section 7.1, which explains the research hypotheses, which were analysed with 

SEM.  Section 7.2 provides an overview the analyses from the SEM to test the research 

hypotheses. Then, Sections 7.3 presented the results of the Measurement Model, Section 7.4 

presents the structural model results for the direct effects, and Section 7.5 presents results for 

the indirect effects. Finally, Section 7.6 summarises this chapter. 

 

7.1 Hypotheses Testing   

A total of 18 research hypotheses were developed and presented in Chapter 3 to answer the 

following research questions: 

 

RQ1: Does empowering & engaging leadership behaviour have an influence on safety 

outcomes in safety-critical organisations? 

RQ2: To what extent does the principles of complexity science influence the relationship 

between empowering and engaging leadership behaviour and safety outcomes in safety-critical 

organisations? 

RQ3: Does modelling & reinforcing leadership behaviour have an influence on safety 

outcomes in safety-critical organisations? 

RQ4: To what extent does the principles of complexity science influence the relationship 

between empowering and engaging leadership behaviour and safety outcomes in safety-critical 

organisations? 

RQ5: Does promoting & leadership behaviour have an influence on safety outcomes in safety-

critical organisations? 

RQ6: To what extent does the principles of complexity science influence the relationship 

between empowering and engaging leadership behaviour and safety outcomes in safety-critical 

organisations? 

 

Then, SEM was performed to assess the following hypotheses: 
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H1: Empowering & Engaging leadership behaviour (EELB) predicts Safety 

Participation (SPA) 

H2: Empowering & Engaging leadership behaviour (EELB) predicts Safety 

Participation (SPA) via Complexity Science (CS) principles 

H3: Empowering & Engaging leadership behaviour (EELB) predicts Safety Compliance 

(SCO) 

H4: Empowering & Engaging leadership behaviour (EELB) predicts Safety Compliance 

(SCO) via Complexity Science (CS) principles 

H5: Empowering & Engaging leadership behaviour (EELB) predicts Safety Climate 

(SCL) 

H6: Empowering & Engaging leadership behaviour (EELB) predicts Safety Climate 

(SCL) via Complexity Science (CS) principles 

H7: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety 

Participation (SPA) 

H8: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety 

Participation (SPA) via Complexity Science (CS) principles 

H9: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Compliance 

(SCO) 

H10: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety 

Compliance (SCO) via Complexity Science (CS) principles 

H11: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Climate 

(SCL) 

H12: Modelling & Reinforcing leadership behaviour (MRLB) predicts Safety Climate 

(SCL) via Complexity Science (CS) principles 

H13: Promoting & Enabling leadership behaviour (PELB) predicts Safety Participation 

(SPA) 

H14: Promoting & Enabling leadership behaviour (PELB) predicts Safety Participation 

(SPA) via Complexity Science (CS) principles 

H15: Promoting & Enabling leadership behaviour (PELB) predicts Safety Compliance 

(SCO) 

H16: Promoting & Enabling leadership behaviour (PELB) predicts Safety Compliance 

(SCO) via Complexity Science (CS) principles 
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H17: Promoting & Enabling leadership behaviour (PELB) predicts Safety Climate 

(SCL) 

H18: Promoting & Enabling leadership behaviour (PELB) predicts Safety Climate 

(SCL) via Complexity Science (CS) principles 
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Figure 7. 1: Conceptual Model Results (Illustrated) 

 

7.2 Structural Equation Modelling (Overview) 

Structural Equation Modelling is an extension approach that uses observed variables to 

measure constructs (unobserved variables), considering the measurement errors during the data 

analysis (Hair et al., 2006). Usually, it is employed to check the validity of a conceptual model 

by analysing the linear relationships (Shah & Goldstein, 2006). It is also used to estimate the 

path coefficients among the observed variables and the constructs (Byrne, 2016). 

 

The SEM analysis is a result of combining two model assessments: namely, the measurement 

and structural models (Figure 7.2). The measurement model is used to determine how accurate 

the constructs are measured by exploring the relationship between the variables and the 

constructs. Meanwhile, the structural model depicts the relationship among the constructs only, 

and it tests the relationship hypothesised (Mohamed, 2003). In this study, the ‘two-step’ 

approach was used to assess the entire ‘measurement model’ to confirm unidimensionality and 

validity, then assessing the hypothesised relationship directions among the constructs by testing 
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the ‘structural model’ (Anderson & Gerbing, 1988). However, in addition to the CFA 

assessment, the models were evaluated by assessing the fitness indices. 

 

Figure 7. 2: Two SEM model assessment components 

 

7.3 SEM Analysis 

According to Anderson & Gerbing (1988), confirming a valid and unidimensional 

measurement is an essential step in testing and developing a theoretical model. As previously 

mentioned, the measurement model is used to check the model validity and unidimensionality. 

It allows the constructs to inter-correlate freely by determining the relationship between the 

observed variables and their underlying constructs (Anderson & Gerbing, 1988). 

 

7.3.1 Measurement Model  

The measurement model was used to assess the model which was developed by integrating the 

11 CFA models (EELB, MRLB, PELB, CON, INT, FBK, EXP, COE, SPA, SCO and SCL). All 

the fit indices indicated that the measurement model (see Figure 7.3) had a good fit level: X2/df 

= 1.463; GFI = 0.881; IFI = 0.959; TLI = 0.954; CFI = 0.959; and RMSEA = 0.052. 

Furthermore, the factor loadings on their respective constructs were significant at p < 0.001. 

The results suggest an adequate discriminant validity since all the correlation coefficients 

between each pair of constructs were less than 0.850 (Kline, 2015), except EELB and PELB 

(0.870), and INT and FBK (0.866), which had a slightly higher value. However, combining 

these constructs was not justified, as they measured different concepts. Hence, they were kept 

as distinct constructs.  
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Figure 7. 3: Measurement model 

 

7.4. Structural Model Results (Direct Effects) 

This section (7.4) examines the relationship between (1) EELB and SOs, (2) MRLB and SOs, 

and (3) PELB and SOs. The results of this section are summarised in Section 7.4.4. and they are 
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used to identify the potential mediating effects of CON, INT, FBK, EXP and COE for further 

analysis in the next section. 

 

7.4.1  Empowering & Engaging Leadership Behaviour and Safety Outcomes 

Safety outcomes include safety participation (SPA), safety compliance (SCO) and safety 

climate (SCL). To test the hypotheses, SEM was used to test the correlation between (1) EELB 

and SPA, (2) EELB and SCO, and (3) EELB and SCL (see Figure 7.4). A summary of the test 

results is presented in Table 7.1. 

 

The results show that there is significant and positive correlation between EELB and SPA (𝛽 = 

0.191, 𝑡 − 𝑣𝑎𝑙𝑢𝑒 = 1.943, 𝑝 = 0.052). Also, there is significant and positive correlation between 

EELB and SCO (𝛽 = 0.183, 𝑡 − 𝑣𝑎𝑙𝑢𝑒 = 1.875, 𝑝 = 0.061). No correlation was observed between 

EELB and SCL. Therefore, the outcomes for H1, H3 and H5 are as follows: 

H1: EELB predicts SPA – Supported 

H3: EELB predicts SCO – Supported 

H5: EELB predicts SCL – Not supported 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 4: Structural model for EELB-SO 
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7.4.2.  Modelling & Reinforcing Leadership Behaviour and Safety Outcomes 

To test the hypotheses, SEM was used to test the correlation between (1) MRLB and SPA, (2) 

MRLB and SCO, and (3) MRLB and SCL. A summary of the test results is presented in Table 

7.1. 

 

The results show that there is significant and positive correlation between MRLB and SPA (𝛽 = 

0.176, 𝑡 − 𝑣𝑎𝑙𝑢𝑒 = 2.139, 𝑝 = 0.032). Furthermore, there is significant and positive correlation 

between MRLB and SCO (𝛽 = 0.226, 𝑡 − 𝑣𝑎𝑙𝑢𝑒 = 2.754, 𝑝 = 0.006) (see Figure 7.5). No 

correlation was observed between MRLB and SCL. Therefore, the outcomes for H7, H9 and 

H11 are: 

H7: MRLB predicts SPA – Supported 

H9: MRLB predicts SCO – Supported 

H11: MRLB predicts SCL – Not supported 

 

 
Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 5: Structural model for MRLB-SO 

 

7.4.3  Promoting & Enabling Leadership Behaviour and Safety Outcomes 

To test the hypotheses, SEM was used to test the correlation between (1) PELB and SPA, (2) 

PELB and SCO, and (3) PELB and SCL. A summary of the test results is presented in Table 7.1. 
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The results show that there is significant and positive correlation between PELB and SPA (𝛽 = 

0.202, 𝑡 − 𝑣𝑎𝑙𝑢𝑒 = 1.864, 𝑝 = 0.062). There is also significant and positive correlation between 

PELB and SCO (𝛽 = 0.205, 𝑡 − 𝑣𝑎𝑙𝑢𝑒 = 1.928, 𝑝 = 0.054) (see Figure 7.6). There was no 

correlation observed between PELB and SCL. Therefore, the outcomes for H13, H15 and H17 

are below: 

H13: PELB predicts SPA – Supported 

H15: PELB predicts SCO – Supported 

H17: PELB predicts SCL – Not supported 

 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 6: Structural model for PELB-SO 
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Table 7. 1: Summary of Structural Model Results (Direct Effects) 

Model IV DV 
Model Fit Indices                       Path Indexes 

χ 2 df p χ 2/df GFI TLI CFI IFI RMSEA Paths                  𝛽 t-value 𝑝 

EELB→SO EELB SPA, SCO, SCL 173.340 98 0.000 1.769 0.856 0.976 0.981 0.981 0.067 EELB→SPA 0.191* 1.943 0.052  
           EELB→SCO 0.183* 1.875 0.061  
           EELB→SCL 0.103n 0.753 0.452 

MRLB→SO MRLB SPA, SCO, SCL 149.866 85 0.000 1.763 0.903 0.976 0.983 0.983 0.067 MRLB→SPA 0.176** 2.139 0.032 

            MRLB→SCO 0.226** 2.745 0.006 

            MRLB→SCL 0.117n 1.449 0.147 

MRLB→SO MRLB SPA, SCO, SCL 147.447 98 0.001 1.505 0.910 0.984 0.987 0.987 0.054 PELB→SPA 0.202* 1.864 0.062 

            PELB→SCO 0.205* 1.928 0.054 

            PELB→SCL 0.163n 1.336 0.182 
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7.4.4  Summary of Direct Effects 

Section 7.4 presented the procedures and results of direct effects for relationship between (1) 

EELB and SOs, (2) MRLB and SOs, and (3) PELB and SOs. As shown in the results, there were 

statistically significant associations between EELB and SPA, EELB and SCO, MRLB and SPA, 

MRLB and SCO, PELB and SPA, and PELB and SCO, thus, supporting Hypotheses H1, H3, H7, 

H9, H13 and H15 respectively. However, no statistically significant association was observed 

between EELB and SCL, MRLB and SCL, and PELB and SCL. Furthermore, EELB, MRLB and 

PELB all predicted SPA and SCO; excluding SCL. These results are used for further analysis to 

identify the potential mediating effects of CON, INT, FBK, EXP and COE on the 

relationship(s) between LBs and SOs in Section 7.5.     

 

7.5 Structural Model Results (Indirect Effects) 

This section presents the procedures and results of testing the mediating effect of the principles 

of complexity science on relationships between LBs and SOs. In this study, bootstrapping in 

SEM was performed to access the statistical significance of the mediating effect. Section 7.5.1 

presents an overview of the conditions of the mediating effect. Sections 7.5.1.1 to 7.5.1.15 

present the mediation roles of CON, INT, FBK, EXP and COE. Table 7.17 summarises the 

results. 

 

7.5.1  Overview of Mediation  

Mediation can be defined as a phenomenon whereby the relationship between an independent 

variable (IV) and a dependent variable (DV) is fully or partially explained by their relationship 

to one or more additional variables known, as mediators. A mediator explains why and how 

the IV affects the DV. A mediator can also be referred to as an intervening variable. Mediation 

presumes a temporal and causal sequence wherein change in the IV causes a change in the 

mediator, then finally a change in the DV (Hayes, 2018). 

 

Figure 7.7 shows a non-mediated model or a simple model where the IV predicts the DV. This 

correlation is the associated Path C, which denotes the total effect of the relationship. 
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Figure 7. 7: Non-mediated Model 

 

Figure 7.8 shows the partially mediated model with its associated paths. Path A*B or C-C’ 

denotes the indirect effect. Path C’ denotes the direct effect, which is the unique effect of the 

IV on the DV after considering the mediator (M). 

 

 

Figure 7. 8: Mediated Model 

 

The mediated effect can be calculated using one of two methods:  

(i) examining the product of Path A and Path B coefficients (A*B), and  

(ii) examining the difference in Path C and Path C’ coefficients (C-C’).  

 

Partial mediation is found when the mediator accounts for only part of the relationship between 

the IV and the DV. It is statistically evidenced when the IV still accounts for a significant 

proportion of the variance in the DV. In this case, all three paths — A, B and C’ — are 

statistically significantly correlated (Cheung & Lau, 2008). 
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Full mediation is concluded when the mediator accounts for all variances in the relationship 

between the IV and the DV. It is statistically evidenced when the IV no longer explains a 

significant proportion of the variance in the DV. In this case, Path A and B are significant, 

whereas Path C’ is non-significant (Cheung & Lau, 2008).  

 

The below criteria present the underlying conditions that must be achieved to confirm that 

mediation is present (Cheung & Lau, 2008; Hayes, 2018):  

(i) the IV predicts the DV (path C),  

(ii) the IV predicts the M (path A),  

(iii) the M predicts the DV (path B) and  

(iv) the indirect path must also be significant (path A*B or C-C’).  

 

Given the essence of mediation research, scholars have been continuously searching for the 

best statistical test for this mediating effect. Cheung and Lau (2008) found that SEM provides 

unbiased estimates of the mediating effect and that bias-corrected bootstrap confidence 

intervals perform best in testing for the mediating effect. Therefore, in this study, bootstrapping 

in SEM was performed to access the statistical significance of the mediating effect. The 

bootstrapping test has a 95% confidence interval, and the indirect effect was obtained with 

1,000 bootstrap re-samples, as suggested by Cheung and Lau (2008). 
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7.5.1.1  Mediating Effect of Connectivity on EELB and Safety Outcomes 

 
Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 9: Structural model for EELB-CON-SO 

 

Table 7. 2: Indirect Effect Results for EELB→CON→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

EELB→CON→SPA 0.109** < 0.050 0.110* < 0.100 Partial mediation Supported 

EELB→CON→SCO 0.100** < 0.050 0.111* < 0.100 Partial mediation Supported 

EELB→CON→SCL 0.112** < 0.050 -0.003n 0.965 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.9 presents a model for testing the mediation of CON on the relationship between EELB 

and SOs (SPA, SCO and SCL). The results in Table 7.2 indicate that there is a significant and 

positive indirect effect between EELB and SPA, and EELB and SCO through CON. However, 

no significant indirect effect was observed between EELB and SCL.  
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7.5.1.2  Mediating Effect of Interdependence on EELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 10: Structural model for EELB-INT-SO 

 

Table 7. 3: Indirect Effect Results for EELB→INT→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

EELB→INT→SPA 0.117** < 0.050 0.117* < 0.100 Partial mediation Supported 

EELB→INT→SCO 0.108** < 0.050 0.103* < 0.100 Partial mediation Supported 

EELB→INT→SCL 0.101** < 0.050 -0.007n 0.904 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.10 presents a model for testing the mediation of INT on the relationship between EELB 

and SOs (SPA, SCO and SCL). The results in Table 7.3 indicate that there is a significant and 

positive indirect effect between EELB and SPA, and EELB and SCO through INT. However, no 

significant indirect effect was observed between EELB and SCL.  
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7.5.1.3  Mediating Effect of Feedback on EELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 11: Structural model for EELB-FBK-SO 

 

Table 7. 4: Indirect Effect Results for EELB→FBK→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

EELB→FBK→SPA 0.127** < 0.050 0.091** < 0.050 Partial mediation Supported 

EELB→FBK→SCO 0.126** < 0.050 0.085** < 0.050 Partial mediation Supported 

EELB→FBK→SCL 0.126** < 0.050 -0.016n 0.800 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.11 presents a model for testing the mediation of FBK on the relationship between 

EELB and SOs (SPA, SCO and SCL). The results in Table 7.4 indicate that there is a significant 

and positive indirect effect between EELB and SPA, and EELB and SCO through FBK. 

However, no significant indirect effect was observed between EELB and SCL.  
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7.5.1.4  Mediating Effect of Exploration-of-the-space-of-possibilities on EELB and 

Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 12: Structural model for EELB-EXP-SO 

 

Table 7. 5: Indirect Effect Results for EELB→EXP→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

EELB→EXP→SPA 0.107* < 0.100 0.112** < 0.050 Partial mediation Supported 

EELB→EXP→SCO 0.095* < 0.100 0.116* < 0.100 Partial mediation Supported 

EELB→EXP→SCL 0.109* < 0.100 0.000n 0.993 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.12 presents a model for testing the mediation of EXP on the relationship between 

EELB and SOs (SPA, SCO and SCL). The results in Table 7.5 indicate that there is a significant 

and positive indirect effect between EELB and SPA, and EELB and SCO through EXP. However, 

no significant indirect effect was observed between EELB and SCL.  
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7.5.1.5  Mediating Effect of Co-evolution on EELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 13: Structural model for EELB-COE-SO 

 

Table 7. 6: Indirect Effect Results for EELB→COE→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

EELB→COE→SPA 0.107* < 0.100 0.112* < 0.100 Partial mediation Supported 

EELB→COE→SCO 0.095* < 0.100 0.115* < 0.100 Partial mediation Supported 

EELB→COE→SCL 0.112* < 0.100 -0.002n 0.967 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.13 presents a model for testing the mediation of COE on the relationship between 

EELB and SOs (SPA, SCO and SCL). The results in Table 7.6 indicate that there is a significant 

and positive indirect effect between EELB and SPA, and EELB and SCO through COE. 

However, no significant indirect effect was observed between EELB and SCL.  
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7.5.1.6  Mediating Effect of Connectivity on MRLB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 14: Structural model for MRLB-CON-SO 

 

Table 7. 7: Indirect Effect Results for MRLB→CON→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

MRLB→CON→SPA 0.105** < 0.050 0.080** < 0.050   Partial mediation Supported 

MRLB→CON→SCO 0.095** < 0.050 0.136** < 0.050   Partial mediation Supported 

MRLB→CON→SCL 0.108** < 0.050 -0.033n 0.589   No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.14 presents a model for testing the mediation of CON on the relationship between 

MRLB and SOs (SPA, SCO and SCL). The results in Table 7.7 indicate that there is a significant 

and positive indirect effect between MRLB and SPA, and MRLB and SCO through CON. 

However, no significant indirect effect was observed between MRLB and SCL.  
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7.5.1.7  Mediating Effect of Interdependence on MRLB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 15: Structural model for MRLB-INT-SO 

 

Table 7. 8: Indirect Effect Results for MRLB→INT→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

MRLB→INT→SPA 0.070** < 0.050 0.115* < 0.100 Partial mediation Supported 

MRLB→INT→SCO 0.073** < 0.050 0.158** < 0.050 Partial mediation Supported 

MRLB→INT→SCL 0.079** < 0.050 -0.004n 0.947 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.15 presents a model for testing the mediation of INT on the relationship between 

MRLB and SOs (SPA, SCO and SCL). The results in Table 7.8 indicate that there is a significant 

and positive indirect effect between MRLB and SPA, and MRLB and SCO through INT. 

However, no significant indirect effect was observed between MRLB and SCL.  
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7.5.1.8   Mediating Effect of Feedback on MRLB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 16: Structural model for MRLB-FBK-SO 

 

Table 7. 9: Indirect Effect Results for MRLB→FBK→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

MRLB→FBK→SPA 0.125** < 0.050 0.060** < 0.050 Partial mediation Supported 

MRLB→FBK→SCO 0.121** < 0.050 0.110* < 0.100 Partial mediation Supported 

MRLB→FBK→SCL 0.123** < 0.050 -0.048n 0.450 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.16 presents a model for testing the mediation of FBK on the relationship between 

MRLB and SOs (SPA, SCO and SCL). The results in Table 7.9 indicate that there is a significant 

and positive indirect effect between MRLB and SPA, and MRLB and SCO through FBK. 

However, no significant indirect effect was observed between MRLB and SCL.  
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7.5.1.9  Mediating Effect of Exploration-of-the-space-of-possibilities on MRLB and 

Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 17: Structural model for MRLB-EXP-SO 

 

Table 7. 10: Indirect Effect Results for MRLB→EXP→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

MRLB→EXP→SPA 0.090** < 0.050 0.096* < 0.100 Partial mediation Supported 

MRLB→EXP→SCO 0.079* < 0.100 0.152** < 0.050 Partial mediation Supported 

MRLB→EXP→SCL 0.091* < 0.100 -0.016n 0.783 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.17 presents a model for testing the mediation of EXP on the relationship between 

MRLB and SOs (SPA, SCO and SCL). The results in Table 7.10 indicate that there is a 

significant and positive indirect effect between MRLB and SPA, and MRLB and SCO through 

EXP. However, no significant indirect effect was observed between MRLB and SCL.  
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7.5.1.10  Mediating Effect of Co-evolution on MRLB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 18: Structural model for MRLB-COE-SO 

 

Table 7. 11: Indirect Effect Results for MRLB→COE→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

MRLB→COE→SPA 0.057** < 0.050 0.128** < 0.050 No mediation Not supported 

MRLB→COE→SCO 0.050** < 0.050 0.181** < 0.050 No mediation Not supported 

MRLB→COE→SCL 0.058** < 0.050 0.017n 0.776 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.18 presents a model for testing the mediation of COE on the relationship between 

MRLB and SOs (SPA, SCO and SCL). The results in Table 7.11 indicate that there is no 

significant indirect effect between MRLB and SPA, MRLB and SCO, and MRLB and SCL 

through COE, as there is no correlation between MRLB and COE.  
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7.5.1.11  Mediating Effect of Connectivity on PELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 19: Structural model for PELB-CON-SO 

 

Table 7. 12: Indirect Effect Results for PELB→CON→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

PELB→CON→SPA 0.117* < 0.100 0.053** < 0.050 Partial mediation Supported 

PELB→CON→SCO 0.114* < 0.100 0.078** < 0.050 Partial mediation Supported 

PELB→CON→SCL 0.122* < 0.100 -0.021n 0.726 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.19 presents a model for testing the mediation of CON on the relationship between 

PELB and SOs (SPA, SCO and SCL). The results in Table 7.12 indicate that there is a significant 

and positive indirect effect between PELB and SPA, and PELB and SCO through CON. 

However, no significant indirect effect was observed between PELB and SCL.  
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7.5.1.12  Mediating Effect of Interdependence on PELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 20: Structural model for PELB-INT-SO 

 

Table 7. 13: Indirect Effect Results for PELB→INT→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

PELB→INT→SPA 0.092* < 0.100 0.034* < 0.100 Partial mediation Supported 

PELBINT→SCO 0.097* < 0.100 0.048** < 0.050 Partial mediation Supported 

PELB→INT→SCL 0.103** < 0.050 -0.052n 0.389 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.20 presents a model for testing the mediation of INT on the relationship between PELB 

and SOs (SPA, SCO and SCL). The results in Table 7.13 indicate that there is a significant and 

positive indirect effect between PELB and SPA, and PELB and SCO through INT. However, no 

significant indirect effect was observed between PELB and SCL.  

 



 
 
  
 

204 

 

7.5.1.13  Mediating Effect of Feedback on PELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 21: Structural model for PELB-FBK-SO 

 

Table 7. 14: Indirect Effect Results for PELB→FBK→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

PELB→FBK→SPA 0.134** < 0.050 -0.008* < 0.100 Partial mediation Supported 

PELB→FBK→SCO 0.132** < 0.050 0.012* < 0.100 Partial mediation Supported 

PELB→FBK→SCL 0.131** < 0.050 -0.079n 0.211 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.21 presents a model for testing the mediation of FBK on the relationship between 

PELB and SOs (SPA, SCO and SCL). The results in Table 7.14 indicate that there is a significant 

and positive indirect effect between PELB and SPA, and PELB and SCO through FBK. However, 

no significant indirect effect was observed between PELB and SCL.  
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7.5.1.14  Mediating Effect of Exploration-of-the-space-of-possibilities on PELB and 

Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 22: Structural model for PELB-EXP-SO 

 

Table 7. 15: Indirect Effect Results for PELB→EXP→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

PELB→EXP→SPA 0.046** < 0.050 0.080** < 0.050 Partial mediation Supported 

PELB→EXP→SCO 0.041** < 0.050 0.103* < 0.100 Partial mediation Supported 

PELB→EXP→SCL 0.046** < 0.050 0.006n 0.915 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.22 presents a model for testing the mediation of EXP on the relationship between PELB 

and SOs (SPA, SCO and SCL). The results in Table 7.15 indicate that there is a significant and 

positive indirect effect between PELB and SPA, and PELB and SCO through EXP. However, no 

significant indirect effect was observed between PELB and SCL.  
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7.5.1.15  Mediating Effect of Co-evolution on PELB and Safety Outcomes 

 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

Figure 7. 23: Structural model for PELB-COE-SO 

 

Table 7. 16: Indirect Effect Results for PELB→COE→SO 

 

Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

PELB→COE→SPA 0.018* < 0.100 0.108* < 0.100 Partial mediation Supported 

PELB→COE→SCO 0.016* < 0.100 0.128** < 0.050 Partial mediation Supported 

PELB→COE→SCL 0.018* < 0.100 0.034n 0.570 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

Figure 7.23 presents a model for testing the mediation of COE on the relationship between 

PELB and SOs (SPA, SCO and SCL). The results in Table 7.16 indicate that there is a significant 

and positive indirect effect between PELB and SPA, and PELB and SCO through COE. However, 

no significant indirect effect was observed between PELB and SCL.  

 

 

Table 7. 17: Summary of SEM Analyses Results (Indirect Effects) 
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Hypothesis 

Direct Indirect  

Result 

 

Comment β p β p 

EELB→CON→SPA 0.109** < 0.050 0.110* < 0.100 Partial mediation Supported 

EELB→CON→SCO 0.100** < 0.050 0.111* < 0.100 Partial mediation Supported 

EELB→CON→SCL 0.112** < 0.050 -0.003n 0.965 No mediation Not supported 

EELB→INT→SPA 0.117** < 0.050 0.117* < 0.100 Partial mediation Supported 

EELB→INT→SCO 0.108** < 0.050 0.103* < 0.100 Partial mediation Supported 

EELB→INT→SCL 0.101** < 0.050 -0.007n 0.904 No mediation Not supported 

EELB→FBK→SPA 0.127** < 0.050 0.091** < 0.050 Partial mediation Supported 

EELB→FBK→SCO 0.126** < 0.050 0.085** < 0.050 Partial mediation Supported 

EELB→FBK→SCL 0.126** < 0.050 -0.016n 0.800 No mediation Not supported 

EELB→EXP→SPA 0.107* < 0.100 0.112** < 0.050 Partial mediation Supported 

EELB→EXP→SCO 0.095* < 0.100 0.116* < 0.100 Partial mediation Supported 

EELB→EXP→SCL 0.109* < 0.100 0.000n 0.993 No mediation Not supported 

EELB→COE→SPA 0.107* < 0.100 0.112* < 0.100 Partial mediation Supported 

EELB→COE→SCO 0.095* < 0.100 0.115* < 0.100 Partial mediation Supported 

EELB→COE→SCL 0.112* < 0.100 -0.002n 0.967 No mediation Not supported 

MRLB→CON→SPA 0.105** < 0.050 0.080** < 0.050 Partial mediation Supported 

MRLB→CON→SCO 0.095** < 0.050 0.136** < 0.050 Partial mediation Supported 

MRLB→CON→SCL 0.108** < 0.050 -0.033n 0.589 No mediation Not supported 

MRLB→INT→SPA 0.070** < 0.050 0.115* < 0.100 Partial mediation Supported 

MRLB→INT→SCO 0.073** < 0.050 0.158** < 0.050 Partial mediation Supported 

MRLB→INT→SCL 0.079** < 0.050 -0.004n 0.947 No mediation Not supported 

MRLB→FBK→SPA 0.125** < 0.050 0.060** < 0.050 Partial mediation Supported 

MRLB→FBK→SCO 0.121** < 0.050 0.110* < 0.100 Partial mediation Supported 

MRLB→FBK→SCL 0.123** < 0.050 -0.048n 0.450 No mediation Not supported 

MRLB→EXP→SPA 0.090** < 0.050 0.096* < 0.100 Partial mediation Supported 

MRLB→EXP→SCO 0.079* < 0.100 0.152** < 0.050 Partial mediation Supported 

MRLB→EXP→SCL 0.091* < 0.100 -0.016n 0.783 No mediation Not supported 

MRLB→COE→SPA 0.057** < 0.050 0.128** < 0.050 No mediation Not supported 

MRLB→COE→SCO 0.050** < 0.050 0.181** < 0.050 No mediation Not supported 

MRLB→COE→SCL 0.058** < 0.050 0.017n 0.776 No mediation Not supported 

PELB→CON→SPA 0.117* < 0.100 0.053** < 0.050 Partial mediation Supported 

PELB→CON→SCO 0.114* < 0.100 0.078** < 0.050 Partial mediation Supported 

PELB→CON→SCL 0.122* < 0.100 -0.021n 0.726 No mediation Not supported 

PELB→INT→SPA 0.092* < 0.100 0.034* < 0.100 Partial mediation Supported 

PELB→INT→SCO 0.097* < 0.100 0.048** < 0.050 Partial mediation Supported 
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PELB→INT→SCL 0.103** < 0.050 -0.052n 0.389 No mediation Not supported 

PELB→FBK→SPA 0.134** < 0.050 -0.008* < 0.100 Partial mediation Supported 

PELB→FBK→SCO 0.132** < 0.050 0.012* < 0.100 Partial mediation Supported 

PELB→FBK→SCL 0.131** < 0.050 -0.079n 0.211 No mediation Not supported 

PELB→EXP→SPA 0.046** < 0.050 0.080** < 0.050 Partial mediation Supported 

PELB→EXP→SCO 0.041** < 0.050 0.103* < 0.100 Partial mediation Supported 

PELB→EXP→SCL 0.046** < 0.050 0.006n 0.915 No mediation Not supported 

PELB→COE→SPA 0.018* < 0.100 0.108* < 0.100 Partial mediation Supported 

PELB→COE→SCO 0.016* < 0.100 0.128** < 0.050 Partial mediation Supported 

PELB→COE→SCL 0.018* < 0.100 0.034n 0.570 No mediation Not supported 

Note: ***p < 0.001; **p < 0.050; *p < 0.100; n = non-significant 

 

7.5.2  Summary of Indirect Effects 

As summarised in Table 7.17, Section 7.5 has presented the procedures and results of the 

indirect effects on relationship between (1) EELB and SOs via the complexity science 

principles, (2) MRLB and SOs via the Complexity Science principles, and (3) PELB and SOs via 

the complexity science principles.  

 

With regards to the mediating role of complexity science, the analyses showed (Table 7.17 and 

Figures 7.24 – 7.26) that all the principles (CON, INT, FBK, EXP and COE) have mediated 

the relationship between EELB and SOs (namely SPA and SCO; excluding SCL); supporting 

hypotheses H2 and H4. 

 

As for MRLB and SOs, only four principles of CS mediated the relationship for SPA and SCO 

— namely CON, INT, FBK and EXP (excluding COE) — partially supporting hypotheses H8 

and H10 partially. The mediating effect for SCL was also not supported.  The third relationship 

between PELB and SOs was mediated by all five principles of complexity science for SPA and 

SCO, excluding SCL. Thus, hypotheses H14 and H16 were supported.  
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Figure 7. 24: Summary of SEM Analysis for EELB 
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Figure 7. 25: Summary of SEM Analysis for MRLB 
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Figure 7. 26: Summary of SEM Analysis for PELB 

Significant

Non-significant
 

7.6 Model Summary (MRA and SEM) 

Based on the results of the analyses (summarised in Table 7.18), the hypotheses stating that the 

three LBs (EELB, MRLB and PELB) influence the principles of complexity science (CON, INT, 

FBK, EXP and COE), which in turn influence the level of SOs (SPA and SCO; excluding SCL) 

were supported by the data. 

 

Hypotheses H1 and H2 which tested the direct and indirect influence of empowering & 

engaging leadership behaviour (EELB) on safety participation (SPA) through the principles of 

complexity science, were statistically significant. Thus, the hypotheses H1 and H2 have been 

supported. 

 

Furthermore, hypotheses H3 and H4 tested the direct and indirect (respectively) influence of 

EELB on safety compliance (SCO) through the complexity science principles, were statistically 

significant. Thus, the hypotheses H3 and H4 have been supported. Likewise, hypotheses H5 

and H6 were meant to test the direct and indirect (respectively) effect of EELB on safety climate 

(SCL) through the complexity principles. The results were not statistically significant; thus, 

hypotheses H5 and H6 were not supported. 
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Six hypotheses were established to test the role of modelling & reinforcing leadership 

behaviour (MRLB). Hypotheses H7 and H9 were concerned with the direct influence of MRLB 

on SPA and SCO respectively and hypotheses H8 and H10 were the indirect effect on SPA and 

SCO (respectively) via the complexity science principles. The results show that H7 and H9 

have been supported, while H8 and H10 were partially supported, because COE did not mediate 

the relationship. Hypotheses H11 and H12 were meant to test the direct and indirect effect of 

MRLB on SCL, through the complexity science principles. The results were not statistically 

significant; thus, hypotheses H11 and H12 were not supported. 

 

Hypotheses H13 and H14 were concerned with the direct and indirect influence of PELB, 

through the complexity science principles, on SPA. The results were statistically significant; 

thus, H13 and H14 have been supported.  

 

Also, hypotheses H15 and H16 tested the direct and indirect influence of PELB on safety 

compliance (SCO) through the complexity science principles, which were statistically 

significant. Thus, the hypotheses H15 and H16 have been supported. Likewise, hypotheses 

H17 and H18 were meant to test the direct and indirect effect of EELB on safety climate (SCL) 

through the complexity science principles. The results were not statistically significant; thus, 

hypotheses H17 and H18 were not supported. 

 

Table 7. 18: Summary of hypotheses (SEM and MRA) 

 Description SEM Analyses Regression Analyses 

H1 Empowering & Engaging leadership behaviour (EELB) predicts 

Safety Participation (SPA) 

Supported Supported 

H2 Empowering & Engaging leadership behaviour (EELB) predicts 

Safety Participation (SPA) via Complexity Science (CS) principles 

Supported Supported 

H3 Empowering & Engaging leadership behaviour (EELB) predicts 

Safety Compliance (SCO) 

Supported Supported 

H4 Empowering & Engaging leadership behaviour (EELB) predicts 

Safety Compliance (SCO) via Complexity Science (CS) principles 

Supported Supported 

H5 Empowering & Engaging leadership behaviour (EELB) predicts 

Safety Climate (SCL) 

Not supported Not supported 

H6 Empowering & Engaging leadership behaviour (EELB) predicts 

Safety Climate (SCL) via Complexity Science (CS) principles 

Not supported Not supported 

H7 Modelling & Reinforcing leadership behaviour (MRLB) predicts 

Safety Participation (SPA) 

Supported Supported 
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H8 Modelling & Reinforcing leadership behaviour (MRLB) predicts 

Safety Participation (SPA) via Complexity Science (CS) principles 

Partially supported Partially supported 

H9 Modelling & Reinforcing leadership behaviour (MRLB) predicts 

Safety Compliance (SCO) 

Supported Supported 

H10 Modelling & Reinforcing leadership behaviour (MRLB) predicts 

Safety Compliance (SCO) via Complexity Science (CS) principles 

Partially supported Partially supported 

H11 Modelling & Reinforcing leadership behaviour (MRLB) predicts 

Safety Climate (SCL) 

Not supported Not supported 

H12 Modelling & Reinforcing leadership behaviour (MRLB) predicts 

Safety Climate (SCL) via Complexity Science (CS) principles 

Not supported Not supported 

H13 Promoting & Enabling leadership behaviour (PELB) predicts 

Safety Participation (SPA) 

Supported Supported 

H14 Promoting & Enabling leadership behaviour (PELB) predicts 

Safety Participation (SPA) via Complexity Science (CS) principles 

Supported Supported 

H15 Promoting & Enabling leadership behaviour (PELB) predicts 

Safety Compliance (SCO) 

Supported Supported 

H16 Promoting & Enabling leadership behaviour (PELB) predicts 

Safety Compliance (SCO) via Complexity Science (CS) principles 

Supported Supported 

H17 Promoting & Enabling leadership behaviour (PELB) predicts 

Safety Climate (SCL) 

Not supported Not supported 

H18 Promoting & Enabling leadership behaviour (PELB) predicts 

Safety Climate (SCL) via Complexity Science (CS) principles 

Not supported Not supported 

 

7.7  Chapter Summary  

Sections 7.4 and 7.5 presented the relationship between the constructs of the proposed model. 

Based on the results from the analyses, the hypotheses stating that the three LBs (EELB, MRLB 

and PELB) influence on the principles of complexity science (CON, INT, FBK, EXP and COE), 

which in turn influence the level of SOs (SPA and SCO; excluding SCL) were supported by 

the data. 

 

The structural equation modelling was performed to refine and confirm the findings of the 

MRA analysis. The results confirmed the direct influence of the three LBs (EELB, MRLB and 

PELB) on SOs, and the indirect influence through the complexity science principles, as reported 

from the MRA analysis. However, the MRA confirmed that a direct relationship between PELB 

and SCL (H17) is not supported. Therefore, hypotheses H1-H4, H7-10 and H13-H16 have been 

supported by the MRA; H5, H6, H11 and H12 were not supported. 
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Chapter 8: Discussion 
 

This aim of this chapter is to discuss the findings of the current research study. The chapter 

starts with Section 8.1, which discusses the summary of the analyses and sheds light on the 

relationships of the three LBs with the principles of complexity science and SOs. Section 8.2 

discusses the role of LBs in determining SOs, followed by Section 8.3, which discusses the 

relationship between principles of complexity science, LBs and SOs; revealing that SOs are 

influenced by LBs through the different principles of complexity science. Finally, Section 8.4 

summarises this chapter.  

 

8.1 Summary of Analyses 

Several recent research studies have indicated that SOs are influenced by numerous LBs. As 

presented in the literature, simply practising LBs is not enough to improve safety, especially in 

SCOs such as the oil and gas industry. Leaders need to be flexible and adaptive to achieve 

effective leadership (Yukl & Mahsud, 2010). 

 

Several studies outline the role of LBs (Hassan et al., 2016; Ololube, 2013; Naylor, 1999); 

however, more studies are needed to investigate the effect of LBs in SCOs. To the best of the 

author’s knowledge, no studies have taken the advantage of complexity science for improving 

SOs levels in SCOs. 

 

While research in leadership has LBs, few studies have investigated LBs in the context of 

complex systems such as the oil and gas industry, which requires flexibility and adaptability. 

Most of the previous studies referred to behaviours only as factors in improving safety. (Flin 

& Yule 2004). However, the present study investigated LBs in light of complexity science 

principles and empirically explored the interaction of these LBs on SOs. 

 

The five complexity science principles were identified based on a broad view hinged on: 

connectivity, interdependence, feedback, exploration-of-the-space-of-possibilities and co-

evolution. The influence and importance of developing these principles was discussed by 

Mitleton-Kelly (2003) in a study wherein leadership and safety were not involved.                                                                                                                                                                                                       

In this complex system context, the results of this research study align with previous studies, 

confirming that the five principles are related to safety LBs (See Chapters 6 and 7). However, 
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the relationship between LBs and SOs through safety leadership behaviour varies from one 

behaviour to another. 

 

8.1.1 Leadership Behaviours 

This study examined three LBs: EELB, MRLB and PELB. For EELB, a single construct containing 

three items was derived; for MRLB, a single construct containing two items was derived; and 

for PELB, a single construct containing three items was derived. 

 

8.1.1.1  Empowering & Engaging Leadership Behaviour 

First, EELB was operationalised by using these three items: leadership encourages participatory 

styles by managers and supervisors (LB6); leadership is proactive with regards to safety matters 

(LB12); and leadership taps into team members’ potentials to promote a safe environment 

(LB13). These three items reflect LBs that empowers and engages subordinates with regards 

to safety in the workplace, whereby they are encouraged to partake in leading and decision-

making.  

 

It has become a practical imperative for leaders to engage in empowering initiatives that 

involve their employees, as it is neither feasible nor realistic for leaders ‘to have all the answers’ 

or ‘make all the decisions’ (Lovelace, Manz, & Alves, 2007, p. 375). Additionally, both 

scholarly (Stewart, Courtright, & Barrick, 2012) and practical (Wirthman, 2014) evidence 

indicates that organisations and teams that use empowering initiatives outperform their 

counterparts that rely more on traditional hierarchical structures.  

 

Empowering & engaging leadership behaviour is defined as leadership behaviour directed at 

individuals or entire teams and consisting of delegating authority to employees, promoting their 

self-directed and autonomous decision-making, coaching, sharing information, and asking for 

input (Konczak, Stelly, & Trusty, 2000). Given the continuing flattening of organisations, 

greater reliance on teamwork, and the growing complexity of work, there is increased interest 

in empowering & engaging LBs from both scholars and practitioners (Seibert, Silver, & 

Randolph, 2004). 

 

As a key approach to leadership, empowering & engaging LBs refers to a process of sharing 
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power, and allocating more autonomy and responsibilities to followers through a specific set 

of enhancing the meaningfulness of work, fostering participation in decision-making, 

expressing confidence in high performance, and providing autonomy from bureaucratic 

constraints (Amundsen & Martinsen, 2014; Arnold et al., 2000; Ahearne et al., 2005; Sims et 

al., 2009). The concept of empowering & engaging leadership behaviour has been developed 

alongside with the research stream of supportive leadership (Bowers & Seashore, 1966), 

coaching, employee involvement, delegating behaviours covered in situational leadership 

theory (Hersey & Blanchard, 1969), participative leadership (Locke & Schweiger, 1979), super 

leadership (Manz & Sims, 1987), and individualised leadership specifying the support of 

followers’ self-worth (Dansereau et al., 1995). 

 

8.1.1.2  Modelling & Reinforcing Leadership Behaviour 

Next, MRLB was operationalised using two items: leadership participates in workforce safety 

activities (LB2); and leadership demonstrates visible and consistent commitment to safety 

(LB4). Both indicators echo LBs that models safety leadership traits for subordinates to 

emulate.  

 

Modelling & reinforcing leadership behaviour serves as a blueprint for others leadership 

whose behaviour is emulated by other people and who consistently leads by example 

(Rampersad, 2009). This type of leadership behaviour consists of more than other people 

observing and copying the behaviours of role models. The leadership behaviour 

of modelling & reinforcing is simply the leader doing what he or she expects the followers to 

do. If leadership expects people to speak respectfully to each other, leadership must speak 

respectfully to them. Leadership behaviours and organisational values should be clearly stated, 

and every leader should be held accountable for modelling them. Behaviours will always 

outweigh a list of values hung on the wall as the human mind is wired to imitate. Thus, most 

employees look to their leader to determine how to behave in the organisation. Modelling & 

reinforcing LBs indicates whether the leader holds their subordinates' trust and maintains their 

faith and respect (Bass, 1999). 

 

Based on the Full Range Leadership model, Wu et al. (2015) conducted an ethnographic study 

on construction projects and identified that modelling & reinforcing LBs has the widest range 

of influence on safety leadership among all dimensions. Modelling & reinforcing leadership 
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behaviour is the process of establishing subordinates' trust and loyalty to leaders through 

leaders' idealised influence (Wu et al., 2016). For example, through positive modelling, leaders 

encourage their followers to demonstrate consistency between what they say and do. 

Additionally, Wu et. al. (2016) suggest that idealised influence would encourage their 

managers to communicate a vision of workplace safety and become role models by 

encouraging work safety, rather than focusing on performance and profits at the expense of 

safe work practices.  

 

8.1.1.3  Promoting & Enabling Leadership Behaviour 

Finally, PELB was operationalised through three items: leadership ensures compliance with 

safety regulatory requirements (LB7); leadership provides resources for comprehensive safety 

programmes (LB8); and leadership is actively involved in safety initiatives (LB10). These three 

items reflect a LB that endorses safety leadership.  

 

The promoting & enabling leadership behaviour reflects leadership that specifically encourages 

and develops a safe work environment (Barling et al., 2002). Managers demonstrate 

individualized consideration for employees, for example, by promoting & enabling behaviours 

that demonstrate their personal concern for the safety and well-being of employees. 

 

Gao et al., (2019) identified four safety management practices (including organisational 

responsibility/procedures, communication and coordination, safety training, and inspection and 

monitoring) as the main variables for leaders to promote and enable organisational safety 

culture. Kelloway et al., (2006) examined the effects of a passive form of safety leadership and 

found that employee perceptions of safety climate were adversely affected when leaders did 

not actively promote safe work behaviour and practices.  

 

When leaders engage in safety-promoting behaviours, employees perceive a positive safety 

climate and engage in more safety behaviours themselves, thus avoiding more injuries and pain 

due to an increased awareness of and focus on safety (Griffin and Neal, 2000). Motivation 

might promote a positive safety climate if safety is part of the leader’s vision; however, a leader 

who promotes a vision of high productivity might instead reduce safety climate perceptions 

(Hoffmeister et al., 2014). 
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8.1.2 The Principles of Complexity Science 

The results of the CFA (See Chapter 5) provided empirical support to the proposed factor 

structure of the complexity science component. Accordingly, complexity science is considered 

a latent component that has five underlying constructs (principles) which are also latent and 

are measured using different measurement indicators. The constructs behaved well in the 

statistical analysis, which checked for internal consistency reliability, convergent validity and 

discriminant validity. The five constructs of complexity science are CON, INT, FBK, EXP and 

COE – each construct is briefly described below.  

 

8.1.2.1  Connectivity 

First, CON was operationalised through five items: leadership fosters relationship within teams 

(CON1); leadership encourages co-learning among employees (CON2); leadership provides 

open channels for communication (CON4); leadership endorses openness and honesty 

(CON6); and leadership creates clearly defined and widely held values and beliefs (CON8). 

According to Mitleton-Kelly (2003, p.5), the principle of connectivity relates to ‘the inter-

relatedness of individuals within a system’ — building relationships between team members. 

In agreement, the items reflect leadership that could act as a catalyst for relationships — that 

is, any type of team behaviour that supports relationships. 

 

8.1.2.2  Interdependence 

Next, INT was operationalised using four items: leadership champions the building of trust 

among team members (INT1); leadership upholds the spirit of cooperation (INT2); leadership 

emphasises team-orientation efforts and success (INT3); and leadership has a strong network 

of projects that share best practices (INT4). The propagation of influence through an ecosystem 

depends on the degree of connectivity and interdependence (Mitleton-Kelly, 2003). The items 

identified agree with the principle of interdependence, which is how agents adapt to one 

another’s behaviour through learning. This principle is hinged on the nature of trust between 

team members. It is assumed that the existence of trust allows for influential behaviour among 

the team. Lencioni (2005) identifies the absence of trust as the first level of team dysfunction. 
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8.1.2.3  Feedback 

Then, FBK was operationalised through four items: leadership views mistakes as opportunities 

for learning (FBK1); leadership always welcomes suggestions to improve safety (FBK2); 

leadership carefully reviews lessons learned and works on them (FBK3); and leadership is ever 

ready to take up new challenges (FBK 4). According to Mitleton-Kelly (2003, p.15) ‘positive 

(reinforcing) feedback drives change, and negative (balancing, moderating or dampening) 

feedback maintains stability in the system’. The focus on the principle of feedback included 

understanding how outcomes were affected by the feedback mechanisms, which agrees with 

the items identified. 

 

8.1.2.4  Exploration-of-the-space-of-possibilities  

Next, EXP was operationalised using four items: leadership always welcomes new 

ideas/options (EXP2); leadership encourages team members to try new strategies that might 

have an impact on SO (EXP3); leadership prompts team members to continuously seek ways 

to improve SO (EXP4); and leadership encourages safety initiatives (EXP5). Mitleton-Kelly, 

(2003, p 14) emphasised that ‘Complexity suggests that to survive and thrive, an entity needs 

to explore the space of possibilities and to generate variety. To survive, an organisation needs 

to be constantly scanning the landscape and trying different strategies’. As evident in the items 

identified, this principle is centred on the capacity, within a team, to explore new ways of doing 

things, which leads to conversations about innovation, acceptance of change and sustaining 

new models of working together. 

 

8.1.2.5  Co-evolution 

Finally, COE was operationalised through five items: leadership facilitates ongoing changes 

within the organisation (COE1); leadership influences other team members (COE2); leadership 

is influenced by other team members (COE3); leadership and team members work to 

accommodate changes in the organisation (COE4); and leadership seeks new information that 

will improve the safety of the work environment (COE5). Mitleton-Kelly (2003, p.7) refers to 

co-evolution in human systems as placing ‘emphasis on the relationship between the co-

evolving entities’, seeking to find strategies that might enable each to co-exist and even co-

lead effectively. As shown in the items identified, this principle requires, not only the ability 

to accept change, but the willingness to learn from each other. 
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8.1.3 Safety Outcomes 

The CFA results provided empirical support for the proposed factor structure of the SOs 

component. Safety Outcomes is considered a latent component that has three underlying 

constructs which are also latent, measured using different measurement indicators. The 

constructs behaved well in the statistical analysis undertaken to check for internal consistency 

reliability, convergent validity and discriminant validity. The three constructs of SOs are SPA, 

SCO and SCL.  

 

8.1.3.1  Safety Participation 

Initially, SPA was operationalised using these four items: leadership encourages team members 

to participate in safety programmes (SPA1); leadership influences team members to voluntarily 

carry out activities that improve workplace safety (SPA2); leadership creates a platform to 

formally advise management on safety-related matters (SPA3); and leadership prompts team 

members to help others when they are working in unsafe conditions (SPA4). Safety 

participation is demonstrated by going beyond procedures to help co-workers, promoting safety 

and its principles, taking initiative to be safe, and putting effort into improving safety at work 

(Neal et al., 2000).  

 

8.1.3.2  Safety Compliance 

Then, SCO was operationalised through four items: leadership ensures that team members 

comply with safety initiatives (SCO1); leadership ensures the highest level of safety 

compliance (industry standard) (SCO2); leadership compels all team members to follow all 

safety rules (SCO3); and leadership provides all necessary safety equipment to carry out tasks 

(SCO4). Safety compliance refers to following safety policies and procedures and engaging in 

required safety behaviours (Neal et al., 2000).  

 

8.1.3.3  Safety Climate 

Lastly, SCL was operationalised through five items: leadership makes arrangements for regular 

workplace safety training (SCL2); leadership organises adequate safety training for processes, 

tasks and work tools/equipment (SCL3); leadership provides state-of-the-art safety equipment 

and procedures (SCL4); leadership ensures easy access to procedures and instructions related 

to work (SCL5); and leadership creates a system that supports the desired safety culture, 
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processes and policies (SCL6). These items agree with the two subscales from Neal et al.’s 

(2000) measure: supervisor support and safety communication. Supervisor support is the extent 

to which employees perceive that their supervisor places a high priority on safety and provides 

support and encouragement for safety-related behaviours. Safety communication refers to the 

openness of communication on safety and health issues at work. 

 

8.2 Leadership Behaviours and Safety Outcomes 

8.2.1 Empowering & Engaging Leadership Behaviour and Safety Outcome 

Relationships 

The regression analysis demonstrated that safety participation is influenced by empowering & 

engaging leadership behaviour, both directly and indirectly (see Figure 8.1), through the five 

complexity science principles (connectivity, interdependence, feedback, exploration-of-the-

space-of-possibilities and co-evolution). Similarly, safety compliance was shown to be 

influenced by this leadership behaviour, both directly and indirectly through the same 

complexity science principles. The evidence from this study suggests that whereas 

connectivity, interdependence, feedback, exploration-of-the-space-of-possibilities and co-

evolution potentially influence SOs levels (safety participation and safety compliance) through 

empowering & engaging leadership behaviour, the personnel surveyed appear to suggest a lack 

of positive perception (safety climate) regarding the priority their supervisors place on safety.  

 

The descriptive data analysis (see Subsection 4.1.2) demonstrates that only 57% of the 

responses received noted that the incident reporting was satisfactory. Information on accidents 

and incidents can be used as an aid to risk assessment, helping to develop solutions to potential 

risks. Records also help to prevent injuries and control costs from accidental loss (Probst et al., 

2008).  

 

Incident reporting provides a reminder of possible hazards. Reporting them provide a way to 

monitor potential problems and root causes as they recur. The documentation of these problems 

and root causes increases the likelihood that repeating failures will be noticed and corrected 

before they develop to more serious incidents. Probst et al., (2010) emphasised that incident 

reporting enables companies to pro-actively resolve hazards before a tragic or 
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costly incident occurs. Engages the workforce (all workers at all levels) in solving problems 

and increases safety ownership and reinforces workers' self-esteem.  
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& Engaging

Safety Outcomes

Safety 
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Safety 

Compliance

Safety Climate

Interdependence
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Co-evolution

Connectivity

 

Figure 8. 1: Summary of Regression Analysis for EELB and SOs 

Significant

Non-significant
 

 

Leadership is a personal relationship wherein one person directs, coordinates and supervises 

others in the performance of a common task. Leadership is a matter of aligning people towards 

common goals and empowering them to take the actions needed to reach those goals. 

Empowering & engaging leadership behaviour attends to the individual differences in the needs 

of employees and seeks to coach or mentor them in an effort to help them reach their full 

potential (Avolio, 1999; Bass and Riggio, 2006). Hoffmeister et. al., (2014) note that there is a 

plausible conceptual link between this type of leadership and safety. Like inspirational 

motivation, empowering & engaging leadership behaviour has an influence on employees 

expressing opinions and being open to new ideas (Detert and Burris, 2007). Thus, when leaders 

consider their employees individually, employees are more open to generating ideas and 

solutions to safety-related problems through safety participation and safety compliance. 

Employees who believe their leader cares about their needs might be more willing to report 

minor injuries or pain, and considerate leaders might be more responsive to such reports, 
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allowing earlier intervention and preventing more significant accidents, injury or pain in the 

long term.  

 

Empowering & engaging leadership behaviours comprise encouraging participation in 

decision-making, coaching, leading by example, showing concern, interacting with employees, 

and sharing information (Lee et al., 2019). The results of the regression analysis are consistent 

with the findings of Martínez-Córcoles et al., (2013) who indicate that empowering & engaging 

leadership directly influences subordinates’ safety participation and safety compliance. 

However, they did not investigate its influence on complexity science principles. 

 

Nurturing an empowering & engaging leadership behaviour implies that team members have 

more autonomy in fulfilling their work tasks, which might foster their risk-taking behaviour. 

However, it can be assumed that the alignment of safety goals due to procedural systems paired 

with an empowering leadership styles counteracts this argument (Martínez-Córcoles et al., 

2013). 

 

Yule et al. (2007) found that employees are more likely to abide by safety protocols if they are 

aware of the potential damage that could be caused by their violation. Therefore, enhancing 

employees’ safety knowledge improves their safety compliance and safety participation (Neal 

et al., 2000). Coaching behaviours are managers’ close interactions with employees in the 

workplace, allowing them to identify the root causes of poor performance and provide 

mentoring to improve performance (Hackman and Wageman, 2005). Therefore, empowering 

& engaging leaders coach employees in the workplace and fully impart their experience, skills, 

and knowledge. The rapid and comprehensive dissemination of information reduces the time 

required for learning, enables employees to promptly apply this knowledge in their field of 

work, and accelerates the organisation’s progress towards safety goals (Lee et al., 2019). These 

actions enhance employees’ safety participation and compliance behaviours. 

 

Thus, by cultivating safety knowledge exchange (i.e. more safety participation), empowering 

leaders support their subordinates to better evaluate rule compliance situations, make safety-

optimising decisions and cope with unknown (or unanticipated) situations, as they have 

internalised the goal to develop the behaviour (i.e. safety) . Therefore, they have the knowledge 

to cope with these situations in a safe manner. Empowering leadership also provides meaning 
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to workers’ rule compliance in responding to complex problems. When people perceive that 

complying with the rules makes sense, they better understand potential hazards and are 

motivated to develop their adaptive capacity further. The results of this study clearly suggest 

that this might be the case for the safety participation and compliance outcomes (e.g. less risk-

taking behaviour, more safety participation and more safety compliance).   

 

Meanwhile, safety climate relates to individuals’ perceptions of safety policies, procedures, 

practices and behaviours in the work environment that indicate the true priority given to safety 

relative to other organisational goals (e.g. Naveh et al., 2005; Neal and Griffin, 2006; Nahrgang 

et al., 2008; Morrow et al., 2010). Therefore, leaders should empower members to express their 

personal views and opinions and engage employees to participate in the formulation of safety 

decisions to enhance the group’s commitment to them and ensure safety. Also, Gardner et al., 

(2005) suggest that a leader’s values and the way a leader is perceived by employees (e.g., 

respected, trusted) may be more important than engaging in specific motivating, stimulating, 

coaching, or rewarding behaviours. Gittleman et al., (2010), argue that leaders ‘talking the talk’ 

and ‘walking the walk’ are important for safety.  

 

In summary, it seems clear that different logical paths can be drawn between different LBs and 

particular SOs. Empowering & engaging appears to indirectly and indirectly influence safety 

participation and safety compliance. However, there is minimal empirical evidence behind the 

arguments related to its support for safety climate. 

 

8.2.2 Modelling & Reinforcing Leadership Behaviour and Safety Outcome 

Relationships 

With regards to modelling & reinforcing leadership behaviour, the regression analysis 

demonstrated that safety participation is both directly and indirectly influenced by modelling 

& reinforcing leadership behaviour (see Figure 8.2) through four complexity science principles 

(connectivity, interdependence, feedback and exploration-of-the-space-of-possibilities). 

Similarly, safety compliance was shown to be influenced by modelling & reinforcing 

leadership behaviour directly, and both indirectly through the same complexity science 

principles. However, safety climate was not influenced by modelling & reinforcing leadership 

behaviour, neither directly nor indirectly.  
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Figure 8. 2: Summary of Regression Analysis for MRLB and SOs 

Significant

Non-significant
 

 

Employees that observe their leader behaving safely at work are more likely to behave in a safe 

manner, following that leader as a role model (Hofmann and Morgeson, 2004). The results of 

this study are consistent with the findings from Wu et al., (2016) despite the dissimilarity in 

study context. Wu et al., (2016) confirmed that modelling & reinforcing leadership directly 

influences safety participation and safety compliance, although they did not investigate its 

influence on complexity science principles. Additionally, the oil and gas industry was not the 

context of their study. 

 

Leaders may engage in different behaviours, and whether employees engage may depend on 

the LBs they are modelling. It is therefore important to distinguish between the foreseeable 

outcomes as they may be influenced by different facets of LBs. For example, safety climate 

was defined by Zohar (1980) as the perceived rewards of safe behaviour. Therefore, when 

leaders demonstrate inspiring leadership traits, employees are likely to observe and imitate 

these behaviours. Hoffmeister et al., (2014) state that leaders are role models for their 

subordinates and enhance their safety compliance and safety participation. When leaders lead 

by example and practice appropriate safety behaviours, employees are likely to imitate these 
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behaviours, thereby enhancing their compliance with safety systems and their safety 

participation.  

 

In response to the Texas City refinery incident mentioned in Section 1.2, three different 

investigation panels were convened and generally agreed that the accident resulted from a 

combination of factors, including design and operational flaws, technical and organisational 

factors, and more broadly a weak safety climate. The safety climate at the Texas City refinery 

was significantly weak, which manifested in a variety of ways, from poor safety practices, to 

inadequate procedures, and a repeated pattern of safety violations.  

 

Poor safety practices, from inadequate communication between personnel to routine violations 

of operational procedures, were prevalent throughout the raffinate unit. According to the 

Chemical Safety Board (2005) report, formal procedure regarding communication between 

shifts was deficient and what little formal policy existed was not enforced (e.g. turnover 

procedures and records in logbooks). 

 

Thus, for a scenario, a modelling & reinforcing leadership would ensure full participation in 

workforce safety activities (LB2) and a visible and consistent commitment to safety (LB4), as 

demonstrated by the outcomes for the regression analysis. Furthermore, leadership must 

organise adequate safety training for processes, tasks and work tools/equipment (SCL3), ensure 

easy access to procedures and instructions related to work (SCL5) and create a system that 

supports the desired safety culture, processes and policies (SCL6). Also, leadership should 

subsequently view mistakes as opportunities for learning (FBK1) and carefully reviews lessons 

learned and work on them (FBK3). All these actions can help to prevent a recurrence.  

 

8.2.3 Promoting & Enabling Leadership Behaviour and Safety Outcome Relationships 

Regarding promoting and enabling LBs, the regression analysis demonstrated that safety 

participation is directly and indirectly influenced (see Figure 8.3) through the five complexity 

science principles (connectivity, interdependence, feedback, exploration-of-the-space-of-

possibilities and co-evolution). Similarly, safety compliance was shown to be influenced by 

promoting & enabling LBs, both directly and indirectly through the same complexity science 

principles. However, safety climate was not influenced by promoting and enabling leadership 

behaviour, either directly or indirectly. 
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Figure 8. 3: Summary of Regression Analysis for PELB and SOs 

Significant

Non-significant
 

The results are consistent with the findings from Griffin and Neal (2000) who confirmed that 

when leaders engage in safety-promoting behaviours, employees perceive a positive attitude 

and engage in more safety behaviours (safety participation and safety compliance) themselves, 

thus avoiding more accidents, injuries and pain due to an increased awareness and focus on 

safety. Additionally, research by Xia et al., (2018) also highlights that oil and gas workers tend 

to perform with higher levels of safety participation and compliance when management 

promotes safety, which is consistent with studies targeting other industries.  

 

As was determined in the study from Tong, et al., (2020), due to the work environment and 

pressure from management, oil and gas workers suffer high levels of job burnout, which 

severely undermines their perception of safety climate. Furthermore, as noted in the literature, 

corporate leaders often emphasise production over safety concerns (Kines et al. 2010; Stride et 

al. 2013). This type of pressure or perceived pressure is prevalent in the oil and gas industry 

because any delay in drilling can lead to a tremendous loss of revenue (Pinheiro et al. 2011). 

However, Hoffmeister et al., (2014) emphasises that any leader who promotes a vision of high 

productivity might actually reduce safety climate perceptions. Given the context of the 

industry, Gao et al., (2019) and Mohammadnazar and Samimi, (2019) note that certain factors 
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— which may impact workers’ activities related to safety climate —  are inherent and difficult 

to abate, such as poor workplace environments, certain risks and hazards, and work overloads.  

 

For example, for the Piper Alpha platform accident mentioned in Section 1.2, the centre of 

Cullen’s (1990) report was in connection to the insufficiency of safety legislations, which led 

to the introduction of the Offshore Installation Regulations (Safety Case) in 1992. This 

regulation demands that the personnel in-charge show that the specific hazards and subsequent 

risks associated with the new facilities have been recognised, and appropriate measures have 

been taken to minimise these risks for operatives on the facility to the ALARP level. 

 

To address this type of challenge, promoting & engaging leadership would ensure compliance 

with safety regulatory requirements (LB7), provide resources for comprehensive safety 

programmes (LB8), and be actively involved in safety initiative (LB10), as shown in the 

outcomes of the regression analysis. Additionally to this, a leadership that provides open 

channels for communication (CON4), creates clearly defined and widely held values and 

beliefs (CON8), always welcomes suggestions to improve safety (FBK2), and new 

ideas/options (EXP2) and prompts team members to continuously seek ways to improve SOs 

(EXP4) significantly helps prevent a recurrence.  

 

8.3 Complexity Science, Leadership Behaviour, and Safety Outcomes 

As expected, the SEM results confirmed that the interaction of the three LBs depicts behaviours 

where each behaviour relates to SOs in different ways. The empowering & engaging leadership 

behaviour directly influenced safety participation and safety compliance. This finding aligns 

with Martínez-Córcoles et al. (2013) who indicate that empowering leadership directly 

influences subordinates’ safety participation and safety compliance. Moreover, empowering & 

engaging leadership behaviour had an indirect influence on SOs (safety participation and safety 

compliance) via all five complexity science principles (CON, INT, FBK, EXP and COE). 

 

Similarly, modelling & reinforcing leadership behaviour directly influenced safety 

participation and safety compliance. Wu et al., (2016) confirmed the outcome of this study by 

noting that modelling & reinforcing leadership behaviour directly influences safety 

participation and safety compliance. Modelling & reinforcing leadership behaviour also 
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demonstrated an indirect influence on SOs (safety participation and safety compliance) via four 

complexity science principles (CON, INT, FBK and EXP). 

 

Alongside Griffin and Neal, (2000), when leaders engage in safety-promoting behaviours, 

employees perceive a positive attitude and engage in more safety behaviours (safety 

participation and safety compliance) themselves, thus avoiding more accidents, injuries and 

pain due to an increased awareness and focus on safety. Likewise, promoting & enabling LBs 

directly influences safety participation and safety compliance. And had an indirect influence 

on SOs (safety participation and safety compliance) via all five complexity science principles 

(CON, INT, FBK, EXP and COE). 

 

8.3.1 Connectivity, Interdependence and Feedback 

This study explored the concepts of connectivity, interdependence and feedback to better 

understand the quality of relationships in SCOs; here, the influence of LBs on SOs in the oil 

and gas industry. According to Mitleton-Kelly (2003, p.26), ‘connectivity and interdependence 

mean that a decision or action by any individual (group, organisation, institution, or human 

system) may affect related individuals and systems’. 

 

Leaders are influential in fostering crucial relationships, although with varying degrees of 

success (Grady, 2016). Three distinct LBs were highlighted: empowering & engaging, 

modelling & reinforcing and promoting & enabling. This research study shows that the 

highlighted LBs are adept at cultivating the most critical relationships within SCOs. This 

relationship, however, can limit a project leader’s ability to view the team within a system of 

interconnecting team members that require ongoing feedback to ensure the safety of the team 

and workplace. Second, the study demonstrates that the leaders take a lead role and demonstrate 

leadership qualities that inspire or influence others most of the time.  

 

Feedback is traditionally seen in terms of positive and negative feedback mechanisms, which 

are also described as ‘reinforcing (i.e. amplifying) and balancing’. In order words, positive 

(reinforcing) feedback drives change, and negative (balancing, moderating, or dampening) 

feedback maintains stability in a system. Complex behaviour arises from the inter-relationship, 

interaction, and inter-connectivity of elements within a system and between a system and its 
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environment. Schein (2010) noted that some of the largest obstacles to improving SOs is failed 

communication, lack of trust and poor connectivity. 

 

Sometimes, employees feel management do not listen, while management feels employees do 

not understand the greater picture and suffer from entitlement. This problem can only be fixed 

by creating an environment where employees feel they can tell their management the truth, and 

management must communicate that they need employees' help. Even though management 

must know what is going on, employees will not speak up unless they trust management. This 

trust is built or developed as they see management respond to the information.  Better 

information leads to better decisions, which occurs when management is able to ask for help 

and employees feel their help is needed and valued. 

  

This study indicates that most leaders are unprepared in the areas of effective communication 

with team members, change dynamics and systems thinking – all key principles of leadership 

in complex systems. Relationship building has been identified as one of the tasks for leaders 

when they shift their understanding of SCOs from the industrialised machine model to that of 

a complex system (Anderson and McDaniel, 2000). 

 

8.3.2 Exploration-of-the-space-of-possibilities  

Generating variety in strategies is referred to by Mitleton-Kelly (2003) as exploration-of-the-

space-of-possibilities. Less dependent on ‘pin-point forecasting, top-down planning, or 

elaborate controls, (Weberg, 2012), natural system behaviour morphs to create a new structure 

through exploration. The ability to explore allows organisations to identify multiple strategies 

before a significant investment of resources is made. In this study, exploring the space of 

possibilities and generating variety is examined through the lens of leadership welcoming new 

ideas/options (EXP2), encouraging team members to try new strategies that might have an 

impact on SOs (EXP3), prompting team members to continuously seek ways to improve SOs 

(EXP4) and encouraging safety initiatives (EXP5).  

 

Behaviour patterns in teams are formed over time and processes can become ingrained. This 

goal can be achieved through any of the LBs studied: empowering & engaging, modelling & 

reinforcing and promoting & enabling. The dynamic nature of complex systems requires that 

change be processed as needed and that teams demonstrate a nimbleness that provides the 
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fluidity to adapt. Leadership behaviour is instrumental to either the encouragement or 

discouragement of a team’s ability to embrace change, including its capacity for the generation 

of new ideas or to be innovative. 

 

Embracing a culture that rewards innovative thinkers is a culture that is prepared to manage 

change effectively. Adjusting to change is identified as a challenge and frustration for most 

leaders and understanding the concepts relative to change management has value for leaders in 

SCOs.  

  

Efforts to make the oil and gas industry safer became more important than ever in the wake of 

the Piper Alpha disaster. Since then enormous amounts of research has been conducted on how 

to create a safety culture, and it usually ends with a long list of cultural attributes and very little 

insight into the fundamental issues that underlie safety in SCOs. Carrillo's (2011), research is 

an important addition to this difficult dialogue in highlighting that the wrong models of how to 

think about safety in the first place might be in use.  Carrillo’s (2011), emphasis on complexity 

theory, focuses on two fundamental problems of safety; 1) We will never be able to predict all 

the things that can go wrong, that nature will throw at us, that human beings will, in their efforts 

to do things better, actually make things more complex and, therefore, maybe worse; and 2) 

We will never be able to avoid the polarity between absolute safety (at any cost) and competing 

economic and psychological values.  

 

Effective safety management in SCOs must therefore focus not only on avoiding recklessness 

but also prepare employees for the unexpected; which has usefully been labelled the 

‘unknowable unknown’ (Schein, 2009).  If surprises must be dealt with, the hope is that 

employee innovation will minimise risk and management will create the conditions and 

incentives to enable employees to balance or even integrate the polarities implied by safety 

versus productivity.  Schein (2009) emphasise that better design or more detailed procedures 

is only a partial answer.  And the more the design fail safe systems, the more the need to re-

write procedures for how to do things, the greater the complexity and potential for surprises of 

all sorts that workers have the ingenuity to deal with. Without their ability to make sense out 

of surprises and innovate to get the job done, they would be much worse off.   If complexity 

theory is taken seriously it will point the way out of these dilemmas. In agreement with 
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McMillan (2008), complexity science is moving management practices in the direction of 

empowerment, flatter organisations, diversity, and adaptability. 

 

Advocates of these approaches identify the role of the leader more as coaching than directing 

or supervising (Manz & Sims, 1987), with a focus on follower empowerment (Thomas & 

Velthouse, 1990). These arguments are closely related to the bottom-up study in complexity 

theory, the idea that robust, complex networks coordinated by bottom-up coordination and 

interaction are capable of improving outcomes such as safety — more so, than top-down, 

leader-controlled systems. 

 

8.3.3 Co-evolution 

Mitleton-Kelly (2003) differentiates between co-evolution and adaptation as change that relates 

to ‘all other related systems’, not simply adapting to a ‘separate and distinct environment’. For 

example, in a social system, each ‘fully participating agent’ ‘both influences and is influenced 

by’ the related agents or organisations. Within an oil and gas organisation, both leaders and 

non-leaders are influenced by unique forces because of their specific tasks, their professional 

affiliations and their role in the organisation. Examining how both co-evolve and influence 

change can provide insight into how the best fit can be determined and where collective 

leadership capacity would be most valuable. The results of the regression analysis demonstrates 

that leadership facilitates ongoing changes within the organisation (COE1), influences other 

team members (COE2) and is influenced by other team members (COE3), works with team 

members to accommodate changes in the organisation (COE4), and seeks new information to 

improve the safety of the work environment (COE5).  

 

Oil and gas organisations have two distinct types of leadership, the administrative side that 

tends to the business of operations and the technical side, or project managers, who tend to 

issues related to technical operations (Gao et al., 2019). This divide continues to be a strong 

deterrent to effective collaboration between the sides, and conscious effort is required to 

recognise that one cannot operate without being influenced by the other. The way in which 

administrators and project managers work together can either enable or disable the capacity of 

the organisation to ensure the safety of teams, operations and equipment.  
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Leadership within a complex system requires one to embrace the constantly shifting nature of 

the work, capitalising on the collective intelligence of numerous agents within that system and 

focussing on the relationship between team members which, in turn, influences outcomes. 

Organisations cannot be identified as innovative unless they implement learning opportunities 

for all staff, and leaders, especially, on managing change effectively. The dynamic nature of 

complex systems requires leadership that can embrace — even welcome — chaos, which 

demands innovative solutions. 

 

Piecing together the data and knowledge on complexity science and leaderships role within oil 

and gas organisations, one can identify insights into leadership influences and the roles that the 

leaders themselves play in determining the outcomes of safety. These themes included the 

following: leaders have a responsibility with regards to the outcomes of safety; understanding 

complex system behaviour is instrumental in making system changes; moving from a 

command-and-control leadership model to one that is less hierarchical but still very influential 

is necessary and organisations can, and must, get creative in using resources to achieve safety 

in the workplace. 

 

If better SOs are the common attractor in the oil and gas industry, then safety-centred leadership 

must be mission critical. This task applies to organisations and, by default, to all team members 

and leaders that work within them. It is not only about the processes that ensure safety, but also 

about encouraging how safety is achieved and maintained within an organisation. 

 

Developing leaders for today’s complex SCOs means that they must be able to understand the 

nature of complex systems and acquire the skills to be effective leaders. It also requires that 

SCOs and policy makers recognise the crucial role they play in establishing the infrastructure 

that supports these leaders. Leadership within a complex system requires one to embrace the 

constantly shifting nature of the work, capitalising on the collective intelligence of numerous 

agents within that system and focusing on the relationship between agents which, in turn, 

influences outcomes. 

 

Organisations should strive to adopt a culture of innovation so that new ideas can come 

forward. It may provide permission for leaders to think outside the box, which can elicit new 

ideas and fresh strategies. It is this capacity to understand experimentation as being worthwhile 
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that is a stretch for leaders accustomed to linear solutions and working within SCOs. The 

scientific principles of complexity views leadership as a process that involves many 

individuals. Complexity science emphasises the adaptability, creativity and flexibility of 

leadership, not as a set of values existing in any one individual (Morgan, 2006). 

 

A theory that focuses attention on self-organising processes and emergent outcomes hardly fits 

into the mental model of managing safety through regulation, rules, and procedure. It is to 

acknowledge that the reality of how the work is done in organisations fits more in the 

complexity model than the Newtonian mechanical model. Ignoring reality will not change it. 

Instead, designing trainings, education, and communication forums to fit the way people 

understand and solve problems could be what leads to the next level of safety excellence. 

 

8.4 Chapter Summary 

The findings of this research study were discussed in this chapter with the aim of interpreting 

the results by comparing them with previous findings in the literature. The relationship between 

LBs, principles of complexity science and SOs were discussed revealing that SOs are 

influenced by LBs through the different principles of complexity science. Subsequently, the 

role of LBs in determining SOs in SCOs and for its complexity in the oil and gas industry were 

discussed. The conclusion of the current research study is presented in the next chapter. 
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Chapter 9: Conclusion 
 

The aim of this chapter is to discuss and outline a summary of the main findings of the current 

research study while presenting the contributions and limitations of the study and with 

recommendations for future research. Section 9.1 restates the objectives of the study and 

highlights the key outcomes that are exploited to accomplish these objectives. Section 9.2 

discusses the theoretical and practical contributions of this study, followed by Section 9.3, 

which illustrates the limitations of this study and recommends directions for future research. 

Section 9.4 ends this thesis report by providing closure.  

 

9.1 Summary of Research Findings 

The main aim of this study was to empirically examine the direct relationship between LBs and 

SOs indirectly through the application of the principles of complexity science in the oil and gas 

industry. More precisely, the study tested a proposed conceptual model that demonstrated the 

effect of three LBs (empowering & engaging, modelling & reinforcing and promoting & 

enabling) on the five principles of complexity science (connectivity, interdependence, 

feedback, exploration-of-the-space-of-possibilities and co-evolution). This impact, in turn, 

affects SO (in terms of safety participation, safety compliance and safety climate) in the oil and 

gas industry. The research started by defining the research aim and formulation of research 

objectives; the conclusion of which are summarised as follows: 

 

Objective 1: To empirically examine the relationship between the constructs explaining 

the targeted safety conceptual model, namely — leadership behaviours, complexity 

science and safety outcomes  

A comprehensive literature review was conducted to identify the research gaps, develop the 

research questions and propose a research model. In Chapter 2, existing literature was reviewed 

to establish a theoretical background. This review focused on LBs, complexity science and SOs 

within the context of the oil and gas industry. 

 

This activity led to a fresh perspective viewing safety leadership in a broad and systematic way. 

It was also revealed that simply practising LBs is not enough to improve safety, especially in 

SCOs such as the oil and gas industry. As complexity science has not been comprehensively 

used to examine safety leadership in the oil and gas industry, research questions were 
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developed. Subsequently, a conceptual model that demonstrates the influence of complexity 

science was proposed in Chapter 3.  

 

Objective 2: To develop an empirically tested safety leadership conceptual model that can 

be used to represent the relationship between LBs and SOs for safety-critical 

organisations (SCOs), in the context of the principles of complexity science. 

Addressing the research questions required developing a conceptual model, which was 

proposed based on the theoretical foundation built by the literature review. Chapter 3 presented 

the model, comprised of three main elements: (1) LBs, (2) complexity science, and (3) SOs. 

Within the element of ‘leadership behaviours’, the model proposed three leadership behaviour 

constructs: empowering & engaging, modelling & reinforcing and promoting & enabling 

leadership behaviours. The ‘complexity science’ principles were represented by five 

constructs: connectivity, interdependence, feedback, exploration-of-the-space-of-possibilities 

and co-evolution. As for ‘safety outcomes’, it was composed of three constructs: safety 

participation, safety compliance and safety climate. As enablers, each of the three LBs was 

hypothesised to have a direct effect on SOs and indirectly through the five complexity science 

principles. In total, 18 Hypotheses were formulated based on the conceptual model. A robust 

questionnaire was developed for each of the 9 constructs after they were operationalised and 

defined. 

  

The methodology used to carry out this study was discussed in Chapter 3, which was followed 

by the quantitative analysis that utilised the data gathered from the questionnaire survey. A 

descriptive analysis was conducted in Chapter 4 to assess the basic characteristics of the data, 

ensuring they were prepared for further analyses. The normality assessment, SD, and standard 

error of the means concluded that the data were appropriate for multivariate analyses.  

 

To ensure the reliability of the measurement scales, Cronbach’s alpha, item-total correlations 

and EFA analyses were performed in Chapter 5. The Cronbach’s alpha and item-total 

correlations results indicated the reliability of the measurement scales. As for the EFA, several 

factors were extracted. A summary of the EFA is presented below: 

• The leadership behaviours construct was represented by three factors: Empowering & 

engaging, Modelling & reinforcing and Promoting & enabling leadership behaviours. 
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• The complexity science construct was represented by five factors: connectivity, 

interdependence, feedback, exploration-of-the-space-of-possibilities and co-evolution. 

• The safety outcomes construct was represented by three factors: Safety participation, 

safety compliance and safety climate. 

 

Finally, the model hypotheses were assessed using Pearson’s correlation and regression 

analysis in Chapter 6. The main findings of these analyses are summarised in the following 

Subsections. 

 

Empowering & Engaging Leadership Behaviour 

Correlation and regression analyses were performed to answer research questions RQ1 and 

RQ2, and to test the Hypotheses H1 through to H6, which focused on the relationship of 

empowering & engaging leadership behaviour with complexity science principles and SOs. As 

complexity science has five factors (connectivity, interdependence, feedback, exploration-of-

the-space-of-possibilities and co-evolution), and SOs has three factors (safety participation, 

safety compliance and safety climate), the regression analyses were run 15 times (See Table 

6.31). The regression analyses revealed that the direct relationship of empowering & engaging 

leadership behaviour predicted safety participation and compliance. As for the indirect impact 

of empowering & engaging leadership behaviour on safety participation and safety compliance 

through complexity science, all five complexity science principles were found to mediate the 

relationship. These principles are connectivity, interdependence, feedback, exploration-of-the-

space-of-possibilities and co-evolution. All principles were found to act as partial mediators, 

respectively predicting and explaining 38.7%, 33.9%, 38.3%, 46.6% and 39.2% of the variance 

in safety participation and 33.2%, 37.5%, 37.4%, 37.8% and 31.9% of the variance for safety 

compliance. Based on these findings, it can be concluded that empowering & engaging 

leadership behaviour has a direct positive impact on only two types of SOs; and an indirect 

positive impact via all five principles of complexity science. Thus, hypotheses H1, H2, H3 and 

H4 are supported, while H5 and H6 are not supported. 

   

In Chapter 7, the SEM approach was employed to check the validity of the relationships of 

empowering & engaging leadership behaviour factors with complexity science principles and 

SOs. Only EELB→SPA and EELB→SCO path coefficients were statistically significant. Also, 

EELB factors were found to indirectly influence SPA and SCO via CON, INT, FBK, EXP and 
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COE. These results confirmed the regression analyses findings regarding H1, H2, H3, H4, H5 

and H6. 

 

Modelling & Reinforcing Leadership Behaviour 

Correlation and regression analyses were performed to answer research questions RQ3 and 

RQ4, and to test H7, H8, H9, H10, H11 and H12; which focused on the relationship of 

modelling & reinforcing leadership behaviour with complexity science principles and SOs. 

Since complexity science has five factors (connectivity, interdependence, feedback, 

exploration-of-the-space-of-possibilities and co-evolution), and SOs has three factors (safety 

participation, safety compliance and safety climate), the regression analyses were conducted 

15 times (see Table 6.62). The regression analyses revealed that the direct relationship of 

modelling & reinforcing leadership behaviour predicted safety participation and safety 

compliance. As for the indirect impact of modelling & reinforcing leadership behaviour on 

safety participation and safety compliance through complexity science, four complexity 

science principles were found to mediate the relationship. These principles are connectivity, 

interdependence, feedback and exploration-of-the-space-of-possibilities. All these principles 

were found to act as partial mediators. Respectively, they predicted and explained 38.2%, 

33.9%, 37.8% and 43.6% of the variance in safety participation and 33.8%, 38.9%, 37.8% and 

38.8% of the variance in safety compliance. Based on these findings, it can be concluded that 

modelling & reinforcing leadership behaviour has a direct positive impact on only two types 

of SOs and an indirect positive impact through only four of the principles of complexity 

science. Thus, H7 and H9 are supported, and H8 and H10 are partially supported, while H11 

and H12 are not supported. 

   

The SEM approach (Chapter 7) was employed to check the validity of the relationships 

between modelling & reinforcing leadership behaviour and with complexity science principles 

and SOs. Only MRLB→SPA and MRLB→SCO path coefficients were statistically significant. 

Also, the MRLB factors were found to indirectly influence SPA and SCO via CON, INT, FBK 

and EXP. These results confirmed the regression analyses findings regarding H7, H8, H9, H10, 

H11 and H12. 

 

Promoting & Enabling Leadership Behaviour 

Correlation and regression analyses were performed to answer research questions RQ5 and 

RQ6, and to test H13, H14, H15, H16, H17 and H18; which focused on the relationship 
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between promoting & enabling LBs with complexity science principles and SOs. Since 

complexity science has five factors (connectivity, interdependence, feedback, exploration-of-

the-space-of-possibilities and co-evolution), and SOs has three factors (safety participation, 

safety compliance and safety climate), the regression analyses were run 15 times (See Table 

6.93). The regression analyses revealed that the direct relationship of promoting & enabling 

LBs predicted safety participation and compliance. As for the indirect impact of promoting & 

enabling LBs on safety participation and safety compliance through complexity science, all 

five complexity science principles were found to mediate the relationship. These principles are 

connectivity, interdependence, feedback, exploration-of-the-space-of-possibilities and co-

evolution. All the principles were found to act as partial mediators, and they respectively 

predicted and explained 37.8%, 32.7%, 37.5%, 46.0% and 39.2% of the variance of the safety 

participation, and 32.6%, 36.7%, 36.7%, 37.6% and 32.3% of the variance of the safety 

compliance. Based on these findings, it can be concluded that promoting & enabling LBs has 

a direct positive impact on only two types of SOs; and an indirect positive impact via all five 

principles of complexity science. Thus, hypotheses H13, H14, H15 and H16 are supported, 

while H17 and H18 are not supported. 

The SEM approach in Chapter 7 was employed to check the validity of the relationships of 

promoting & enabling LBs factors with complexity science principles and SOs. Only the 

PELB→SPA and PELB→SCO path coefficients were statistically significant. Also, the PELB 

factors were found to indirectly influence SPA and SCO via CON, INT, FBK, EXP and COE. 

These results confirmed the regression analyses findings regarding H13, H14, H15, H16, H17 

and H18. 

9.2 Study Contributions 

To foster a proactive approach in the prevention of workplace injuries, organisations have 

turned towards key predictors of safety, such as leadership. Therefore, such organisations call 

for specific LBs, which may differ from those most effective in less SCO (Ojuola, et al., 2019). 

Due to their influence within an organisation, leaders can play a pivotal role in the promotion 

of safety at work. Although research on the relationship between leadership and safety has 

progressed substantially over the last three decades, most studies have focused on the influence 

of overall effective leadership or general LBs on a variety of SOs. Several recent research 
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studies indicated that SOs are influenced by numerous LBs. Hence, simply practising LBs is 

not enough to improve safety, especially in the oil and gas industry. Thus, this research study 

was carried out to expand the knowledge of safety leadership, as well as to provide practical 

recommendations for leaders within SCOs.  

 

9.2.1 Contribution to Existing Knowledge  

This explorative study has offered several insights into the effect of LBs on complexity science 

principles and SOs. The contributions of this research study toward the body of knowledge are 

outlined below: 

• The investigation of the effect of empowering & engaging, modelling & reinforcing 

and promoting & enabling LBs has not been addressed, together, in the context of SCOs. Thus, 

this research study provided empirical evidence of the importance of these three LBs in 

influencing SOs.  

• This study contributed to the current literature by providing empirical evidence of the 

mediating role of complexity science principles (connectivity, interdependence, feedback, 

exploration-of-the-space-of-possibilities and co-evolution) between the relationship of LBs 

(empowering & engaging, modelling & reinforcing and promoting & enabling) and SOs (safety 

participation, safety compliance and safety climate). 

• The study also provided a new overview of safety leadership by introducing the concept 

of Complexity Science, which used five principles (connectivity, interdependence, feedback, 

exploration-of-the-space-of-possibilities and co-evolution) to explore LBs in complex systems 

(safety-critical organisations). This is a new approach for seeking to improve safety leadership. 

 

9.2.2 Contribution to Professional Practice 

The literature review for this study focused on key accidents in the oil and gas industry, some 

of which had a huge influence on the development of safety legislations. One of these was the 

Piper Alpha drilling platform disaster, where, in 1988, the worst disaster in the oil and gas 

industry took place, resulting in the loss of the Piper Alpha platform and 167 lives (Cullen, 

1990). In general, project managers on these production platforms and drilling rigs are 

responsible for emergency commands of the installation as well as the day-to-day management 

of safety and they are recognised as holding key positions within the organisational structure 

(Flin et al., 1996). They represent a key link between the onshore and offshore facets of the 
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organisation and, as such, play an important role in communicating the safety message from 

senior levels within the onshore organisation to the workforce at the sharp end. Therefore, they 

have a critical role in developing and maintaining safety in the offshore environment. It is 

recognised within the industry that these individuals possess a wealth of knowledge and 

personal experience on safety and leadership, which could be accessed, combined and used for 

the identification and development of best practices in safety leadership offshore. 

 

This study provided a broader understanding of the safety leadership influence process. 

Empirical evidence showed that the three identifying LBs, namely, empowering & engaging, 

modelling & reinforcing and promoting & enabling LBs, influence SOs. Strategic implication 

for safety leaders and SCOs are presented in the following subsections. 

 

9.2.2.1  Strategic Implications for Safety Leaders  

• For safety leaders to successfully achieve SOs through empowering & engaging 

leadership behaviour, they should ensure that the team members are actively involved in 

decision making. Even as empowering & engaging leadership behaviours comprise 

encouraging participation in decision making, coaching, leading by example, showing concern, 

interacting with employees and information sharing, the leaders should encourage a 

participatory style of leadership that capitalises on team members’ expertise and judgement. 

This kind of attitude increases team members’ individual sense of worth and commitment to 

achieving the safety goals or projected SOs. Empowering & engaging leadership behaviour 

should attend to the individual differences and needs of their employees and seek to mentor 

them to help them reach their full potential. If leaders consider their employees individually, 

employees would be more open to generating ideas and solutions to safety-related problems, 

invariably influencing employee expression of opinions and openness to new ideas.  

• For safety leaders to successfully achieve SOs through modelling & reinforcing 

leadership behaviour, the leader must echo LBs that model safety leadership traits for 

subordinates to emulate. This refers to the ways in which authority, responsibility, and 

accountability are more broadly distributed to create opportunities for participation in 

the leadership of the organisation by a greater number of team members. As employees observe 

their leader behaving safely at work, they are more likely to behave in a safe manner. A role 

model, their leader would need to demonstrate visible and consistent commitment to safety.  
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• For safety leaders to successfully achieve SOs through promoting & enabling LBs, the 

leader must create a culture for safety-promoting workplaces and values, which inspire and 

motivate employees’ participation in such organisations. Subsequently, employees would 

perceive a positive attitude and engage in more safety behaviours themselves, thus avoiding 

more accidents, injuries and pain due to an increased awareness and focus on safety. The leader 

should prioritise this need to foster workplace safety culture.  

 

9.2.2.2  Strategic Implications for Safety-Critical Organisations 

• Promoting safety leadership in the oil and gas industry implies that the system is willing 

to adapt and allow for the inter-relationship, interaction and inter-connectivity of team 

members within the system and between the system and its environment. In the organisation, 

connectivity and interdependence mean that a decision or action by any individual (group or 

organisation) would affect related individuals or systems. The above processes would work 

because organisations build relationships through trust and open communication. A common 

purpose and expectations develop as people keep commitments. When management does not 

respect the teams work or feedback from employees, the relationship terminates or is damaged. 

The resulting outcome is typically unsupportive of organisational performance. 

• For oil and gas organisations to develop safety leadership, the system must acknowledge 

the inherent potentials of the group and learn from it. Then, the organisation communicates 

new ideas and the need for change within a context that the team members are more likely to 

accept. Acting from this position of respect and recognition strengthens relationships and fuels 

the movement towards more successful SOs. 

• To facilitate the enhancement of safety leadership within the organisation, management 

must learn to be flexible and adaptive. Connectivity applies not only to individuals within a 

system but also to related systems within an organisation. Consequently, strategies cannot be 

seen simply as a response to a changing environment, which is separate from the organisation, 

but as adaptive moves that affect both the initiator of the action and all others influenced by it. 

• For oil and gas organisations to enhance safety leadership, the organisations must 

surpass reactivity, responding when something happens or is categorised as an unacceptable 

risk; instead, they should be proactive, continuously trying to anticipate developments and 

events. This can be achieved through effective feedback, which clarifies safety expectations, 

helps people learn from their mistakes and builds confidence. 
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9.3 Study Limitations and Future Research Recommendations  

Despite following a comprehensive research method and detailed analyses procedures, the 

findings reported herein should be interpreted considering the limitations identified during the 

study. These limitations, along with recommendations for future research directions, are 

presented below: 

 

• Empirical analyses of the data, derived from the questionnaire surveys, were collected 

to establish the research findings of this study. As a questionnaire survey was used, one 

limitation is the inability to control the respondent’s interpretation of the items. This is a 

common major limitation for all researchers who choose to use this approach. The respondent’s 

perceptions during this method of data collection may or may not reflect the actual situation. 

• As for research scope, the study focused on the relationship between leadership 

behaviours, complexity science and safety outcomes in the context of the oil and gas industry. 

It addressed the extent to which LBs influence SOs in the oil and gas industry. However, time 

constraints, prevented a comparison of how SOs could be influenced in other industries. Thus, 

a further or comparative research study is recommended for future directions. 

• A cross-sectional research design was adopted for this study. The data collected centred 

on the current safety conditions of survey representatives. However, employees’ perceptions 

may change over time. Future research could adopt a longitudinal research design and collect 

long-term data in various organisations to compare changes in the effects of LBs on SOs over 

time. These outcomes could be used to determine the importance of LBs and validate their 

relationship with SOs. 

• Future research increasing the sample size of the questionnaire survey should be 

considered to help in the generalisability of the empirical model and strengthening its validity.  

• Further exploration of the research findings would also be helpful in determining 

whether the results found here are likely to be generalised to other industries. 

• Some predictions were supported while some were not, highlighting the need for greater 

development of theory in this area. The outcomes of this study should inform the design of 

better hypotheses in the future. 
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9.4 Closure  

Thus, this research study was conducted to explore safety LBs for SCOs. The aim of the study 

was to investigate the direct relationship between LBs and SOs, and the mediating effect of 

complexity science principles. To accomplish this aim, a conceptual model was developed 

using the theoretical foundation that was built from the literature review. The model comprised 

three main components: 1) LBs, 2) the five complexity science principles (connectivity, 

interdependence, feedback, exploration-of-the-space-of-possibilities and co-evolution) and 3) 

the three SOs (safety participation, safety compliance and safety climate). These components 

were linked by 18 proposed hypotheses that were established based on assumed theoretical 

relationships.  

 

To assess and validate the conceptual model and test the hypotheses, a series of quantitative 

approaches were employed. A multivariate statistical approach was employed for the data 

collection through a questionnaire survey; 173 project managers and project management team 

members participated in this survey. They are responsible for emergency commands, as well 

as the day-to-day management of safety and are recognised as holding key positions within 

organisational structures in the oil and gas industry. First, PCA and EFA were performed to 

identify the factor structures that represented each underlying construct. Then, CFA was 

conducted to validate the results obtained from the EFA, followed by a regression analysis. 

Next, SEM was applied to assess the structural models for hypotheses testing.  

 

Based on the research results, the study provides a deeper understanding of safety leadership 

with empirical evidence that displays the relationships between the three LBs constructs (EELB, 

MRLB, and PELB) and their contribution to the effect of complexity science principles (CON, 

INT, FBK, EXP and COE) and SOs (SPA, SCO and SCL) within the oil and gas industry. 

Practical implications were also provided to oil and gas safety leaders through a conceptual 

model that demonstrated the mechanism for effective safety LBs and enhanced SOs by 

adopting LBs suitable for SCOs. Safety leaders may benefit from this model by analysing and 

refining their LBs, and possibly improving their SOs. Finally, research limitations and 

recommendations for future research in this field were presented for researchers who are 

willing to extend the knowledge based on the findings of this study.  

 

  



 
 
  
 

244 

 

References 

 
Ahearne, M., Mathieu, J., & Rapp, A. (2005). To empower or not to empower your sales force? 

An empirical examination of the influence of leadership empowerment behaviour on 

customer satisfaction and performance. Journal of Applied Psychology, 90,945–955. 

http://dx.doi.org/10.1037/0021-9010.90.5.945. 

 

Allen, P. J., Bennett, K., & Heritage, B. (2014). SPSS statistics: A practical guide version 22. 

South Melbourne, Victoria: Cengage Learning Australia. 

 

Amanchukwu, R. N., Stanley, G. J., & Ololube, N. P. (2015). A review of leadership theories, 

principles and styles and their relevance to educational management. Management, 5(1), 6-

14. 

 

Amundsen, S., & Martinsen, Ø. L. (2014). Empowering leadership: Construct clarification, 

conceptualisation, and validation of a new scale. The Leadership Quarterly, 25, 487–511. 

http://dx.doi.org/10.1016/j.leaqua.2013.11.009. 

 

Anderson, J. C., & Gerbing, D. W. (1988). Structural equation modelling in practice: A review 

and recommended two-step approach. Psychological bulletin, 103(3), 411. 

 

Anderson, R.A. & McDaniel Jr, R.R. (2000). Managing health care organisations: Where 

professionalism meets complexity science. Health Care Management Review, 25(1), 83-92. 

 

Anderson, V., & Johnson, L. (1997). Systems thinking basics. Cambridge, MA: Pegasus 

Communications. 

 

Antonakis, J., & Day, D. V. (2018). Leadership: Past, present, and future. 

 

Arnold, J. J., Arad, S., Rhoades, J. A., & Drasgow, F. (2000). The Empowering Leadership 

Questionnaire: The construction and validation of a new scale for measuring leader 

behaviours. Journal of Organisational Behaviour, 21, 249-269. 

 

Avolio, B. J., & Gardner, W. L. (2005). Authentic leadership development: Getting to the root 

of positive forms of leadership. The Leadership Quarterly, 16(3), 315-338. 

 

Avolio, B. J., Walumbwa, F. O., & Weber, T. J. (2009). Leadership: Current theories, research, 

and future directions. Annual Review of Psychology, 60, 421-449. 

 

Avolio, B.J., (1999). Full Leadership Development: Building the Vital Forces in Organizations. 

Sage, Thousand Oaks, CA. 

 

Avolio, B.J., Bass, B.M. & Jung, D.I. (1999). Re‐examining the components of 

transformational and transactional leadership using the Multifactor Leadership. Journal of 

Occupational and Organisational Psychology, 72(4), 441-462. 

 

Baltaci, A., & Balci, A. (2017). Complexity leadership: A theorical perspective. International 

Journal of Educational Leadership and Management, 5(1), 30-58. 

http://dx.doi.org/10.1037/0021-9010.90.5.945
http://dx.doi.org/10.1016/j.leaqua.2013.11.009


 
 
  
 

245 

 

 

Barling, J., Loughlin, C., & Kelloway, E. K. (2002). Development and test of a model linking 

safety-specific transformational leadership and occupational safety. Journal of Applied 

Psychology, 87(3), 488-496. 

 

Barnard, C. (1938). The functions of the executive. Cambridge/Mass. 

 

Bass, B. M. (1985). Leadership and performance beyond expectations. Collier Macmillan. 

 

Bass, B. M. (2008). The Bass handbook of leadership: Theory, research, and manage rial 

applications (4th ed.). New York: Free Press.  

 

Bass, B.M. & Bass, R. (2009). The Bass handbook of leadership: Theory, research, and 

managerial applications. Simon and Schuster. 

 

Bass, B.M. (1990). Bass & Stogdill’s Handbook of Leadership, 3rd ed. The Free Press, New 

York. 

 

Bass, B.M. (1997). Does the transactional–transformational leadership paradigm transcend 

organisational and national boundaries? American Psychologist, 52(2), 130. 

 

Bass, B.M. (1999). Two decades of research and development in transformational 

leadership. European Journal of Work and Organizational Psychology, 8(1), 9-32. 

 

Bass, B.M., Avolio, B.J., Jung, D.I. & Berson, Y. (2003). Predicting unit performance by 

assessing transformational and transactional leadership. Journal of Applied 

Psychology, 88(2), 207. 

 

Bass, B.M., Riggio, R.E. (2006). Transformational Leadership. Erlbaum, Mahwah, NJ. 

 

Bennis, W., & Nanus, B. (1985). The strategies for taking charge. Leaders, New York: Harper. 

Row. 

 

Berenson, M., Levine, D., & Krehbiel, T. (2009). Basic business statistics: concepts and 

applications. Pearson Prentice Hall, Upper Saddle River, New Jersey. 

 

Bollen, K. A. (2014). Structural equations with latent variables (1st ed.): Wiley. 

 

Bowers, D. G., & Seashore, S. E. (1966). Predicting organizational effectiveness with a four-

factor theory of leadership. Administrative Science Quarterly, 238-263. 

 

Boyatzis, R.E. (1982). The competent manager: A model for effective performance. John Wiley 

& Sons. 

 

Brown, M.E. & Treviño, L.K. (2006). Ethical leadership: A review and future directions. The 

Leadership Quarterly, 17(6), 595-616. 

 

Bryan, T. W. (2005). Systems thinking applied to crisis management: The eleven allegories as 

an analysis tool. Thesis (PhD). Walden University. 



 
 
  
 

246 

 

 

Bryant, M. T. (2005). Managing an effective and ethical research project. Research in 

organisations: Foundations and methods of inquiry, 419-436. 

 

Bryman, A. (1996). “Leadership in organisations,” In S.R. Clegg, C. Hardy & W. Nord (Eds) 

Handbook of Organisation Studies, London: Sage 

 

Burpo, F. J. (2006). The great captains of chaos: Developing adaptive leaders. Military 

Review, 86(1), 64. 

 

Byrne, B. M. (2016). Structural equation modelling with AMOS: Basic concepts, applications, 

and programming (3rd ed.). Routledge. 

 

Cabrera, D., Colosi, L., & Lobdell, C. (2008). Systems thinking. Evaluation and program 

planning, 31(3), 299-310. 

 

Cameron, K.S. & Quinn, R.E. (2011). Diagnosing and changing organisational culture: Based 

on the competing values framework. John Wiley & Sons. 

 

Capra, F. (2007). Complexity and life. Systems Research and Behavioural Science, 24(5), 475-

480. 

 

Carrillo, R. A. (2011). Complexity and safety. Journal of safety research, 42(4), 293-300. 

 

Castells, M. (2003). The power of identity: The information age: Economy, society and culture, 

(Vol. 2). The Information Age. 

 

Charry, K. (2012). Leadership theories - 8 major leadership theories. Available from: 

http://psychology. about.com/od/leadership/p/leadtheories.htm [Accessed: 14 January 

2018]. 

 

Chase, M. (2000, May 1). Health & medicine (A special report): Food & fitness: Healthy assets: 

Corporations are discovering that it can pay to keep their employee fit. Wall Street Journal, 

R9. 

 

Chemical Safety Board, (2005). BP Texas City refinery incident video. Washington, DC: US 

Chemical Safety and Hazard Investigation Board http://powerlink. 

powerstream.net/002/00174/051222bp/BPAnimations.asx [Accessed 21, February 2020].  

 

Cheung, G. W., & Lau, R. S. (2008). Testing Mediation and Suppression Effects of Latent 

Variables Bootstrapping with Structural Equation Models. Organizational research 

methods, 11(2), 296-325. 

 

Cilliers, P. (1999). 'Complexity and postmodernism. Understanding complex systems' Reply 

to David Spurrett. South African Journal of Philosophy, 18(2), 275-278. 

 

Cilliers, P. (2005). Complexity, deconstruction and relativism. Theory, culture & 

society, 22(5), 255-267. 

 



 
 
  
 

247 

 

Clarke, S. & Ward, K. (2006). The role of leader influence tactics and safety climate in 

engaging employees' safety participation. Risk Analysis, 26(5), 1175-1185. 

 

Clarke, S. (2013). Safety leadership: A meta‐analytic review of transformational and 

transactional leadership styles as antecedents of safety behaviours. Journal of Occupational 

and Organisational Psychology, 86(1), 22-49. 

 

Cohen, J., Cohen, P., West, S. G., & Aiken, L. S. (2003). Applied multiple 

regression/correlation analysis for the behavioural sciences. L. Erlbaum Associates.  

 

Committee, T. R. (2014). The human factor: Process safety and culture. Technical Report, 

Society of Petroleum Engineers. 170575-TR. 

 

Conchie, S. M. (2013). Transformational leadership, intrinsic motivation, and trust: A 

moderated-mediated model of workplace safety. Journal of Occupational Health 

Psychology, 18(2), 198. 

 

Conchie, S.M. & Donald, I.J. (2009). The moderating role of safety-specific trust on the 

relation between safety-specific leadership and safety citizenship behaviours. Journal of 

Occupational Health Psychology, 14(2), 137. 

 

Conner, D.R. (1998). Leading at the Edge Chaos. New York, NY: John Wiley & Sons. 

 

Cooke, G., & Sheers, R. (2003). Safety case implementation - An Australian regulator's 

experience. Institution of Chemical Engineers’ Symposium Series, 149, 605-618. 

 

Coveney, P.V. (2003). Self–organisation and complexity: a new age for theory, computation 

and experiment. Philosophical Transactions of the Royal Society of London A: 

Mathematical, Physical and Engineering Sciences, 361(1807), 1057-1079. 

 

Cullen, W. D. (1990). The public inquiry into the Piper Alpha disaster, London: Her Majesty's 

Stationery Office. 

 

Dahl, Ø., & Olsen, E. (2013). Safety compliance on offshore platforms: A multi-sample survey 

on the role of perceived leadership involvement and work climate. Safety science, 54, 17-

26. 

 

Dansereau, F., Yammarino, F.J., Markham, S.E., Alutto, J.A., Newman, J., Dumas, M., ... 

Keller, T. (1995). Individualised leadership: A new multiple level approach. The Leadership 

Quarterly, 6,413–450. http://dx.doi.org/10.1016/1048-9843(95)90016-0. 

 

De Hoogh, A.H. & Den Hartog, D.N. (2008). Ethical and despotic leadership, relationships 

with leader's social responsibility, top management team effectiveness and subordinates' 

optimism: A multi-method study. The Leadership Quarterly, 19(3), 297-311. 

 

de Koster, R.B., Stam, D. & Balk, B.M. (2011). Accidents happen: The influence of safety-

specific transformational leadership, safety consciousness, and hazard reducing systems on 

warehouse accidents. Journal of Operations Management, 29(7-8), 753-765. 

 

http://dx.doi.org/10.1016/1048-9843(95)90016-0


 
 
  
 

248 

 

Dekker, S. & Pruchnicki, S. (2014). Drifting into failure: Theorising the dynamics of disaster 

incubation. Theoretical Issues in Ergonomics Science, 15(6), 534-544. 

 

Dekker, S. (2004). Ten questions about human error: A new view of human factors and system 

safety. CRC Press. 

 

Dekker, S., Cilliers, P. & Hofmeyr, J.H. (2011). The complexity of failure: Implications of 

complexity theory for safety investigations. Safety Science, 49(6), 939-945. 

 

Derue, D. S., Nahrgang, J. D., Wellman, N. E. D., & Humphrey, S. E. (2011). Trait and 

behavioural theories of leadership: An integration and meta‐analytic test of their relative 

validity. Personnel psychology, 64(1), 7-52. 

 

Detert, J.R., Burris, E.R. (2007). Leadership behaviour and employee voice: Is the door really 

open? Academy of Management Journal 50, 869–884. 

 

Duddu, P. (2014). The world’s worst offshore oil rig disasters. Offshore Technology. January. 

 

Durrheim, K. (1999). Research design. Research in practice: Applied methods for the social 

sciences, 29-53. 

 

Elliot, T. S. (2001). Longford: The hazards of following fashions. Learning from Accidents, 

267. 

 

Energy People (2019) Energy People: Digital Marketing 

https://www.energypeople.com/Services/Marketing [Accessed 23 October 2019]   

 

Etzioni, A. (1964). Modern organizations. Englewood Cliffs, NJ: Prentice Hall.  

 

European Commission (2015). “The Seveso Directive - Prevention, preparedness and 

response.” Available from: http://ec.europa.eu/environment/seveso/ [Accessed 05 June 

2018]. 

 

Field, A. (2013). Discovering statistics using IBM SPSS statistics. Sage. 

 

Fiedler, F. E. (1971). Leadership. Morristown, NJ: General Learning. 

 

Fletcher, J.K. (2004). The paradox of post-heroic leadership: An essay on gender, power, and 

transformational change. The Leadership Quarterly, 15(5), 647-661. 

 

Flin, R. & Yule, S. (2004). Leadership for safety: Industrial experience. BMJ Quality & 

Safety, 13(2), 45-51. 

 

Flin, R., Slaven, G., Carnegie, D., (1996). Managers and Supervisors on Offshore Installations. 

In: Flin, R., Slaven, G. (Eds.), Managing the Offshore Installation Workforce. PennWell 

Books, Tulsa, OK. 

 

Foels, R., Driskell, J.E., Mullen, B. & Salas, E. (2000). The effects of democratic leadership 

on group member satisfaction: An integration. Small Group Research, 31(6), 676-701. 

http://ec.europa.eu/environment/seveso/


 
 
  
 

249 

 

 

Fried, Y., & Ferris, G. R. (1987). The validity of the job characteristics model: A review and 

meta‐analysis. Personnel Psychology, 40(2), 287-322. 

 

French, J. R. P., & Raven, B. H. (1968). The bases of social power. In D. Cartwright & A. 

Zander (Eds.), Group dynamics: Research and theory (3rd ed., pp. 259–269). New York: 

Harper & Row. 

 

Gao, Y., Fan, Y., Wang, J., Li, X., & Pei, J. (2019). The mediating role of safety management 

practices in process safety culture in the Chinese oil industry. Journal of Loss Prevention in 

the Process Industries, 57, 223-230. https://doi.org/10.1016/j.jlp.2018.11.017. 

 

Gardner, W.L., Avolio, B.J., Luthans, F., May, D.R., Walumbwa, F.O. (2005). ‘‘Can you see 

the real me?’’ A self-based model of authentic leader and follower development. The 

Leadership Quarterly, 16, 343–372. 

 

Gaskin, J., & Lim, J. (2016). Master validity tool. AMOS Plugin In: Gaskination’s StatWiki. 

 

Gastil, J. (1994). A definition and illustration of democratic leadership. Human 

Relations, 47(8), 953-975. 

 

Gittleman, J.L., Gardner, P., Haile, E., Sampson, J., Cigularov, K., Ermann, E., Chen, P.Y. 

(2010). City Center and cosmopolitan construction projects, Las Vegas, Nevada: Lessons 

learned from the use of multiple sources and mixed methods in a safety needs assessment. 

Journal of Safety Research, 41, 263–281.  

 

Goh, Y.M., Brown, H. & Spickett, J. (2010). Applying systems thinking concepts in the 

analysis of major incidents and safety culture. Safety Science, 48(3), 302-309. 

 

Grady, C. M. (2016). Can complexity science inform physician leadership 

development? Leadership in Health Services., 29 (3), 251-263. 

 

Graen, G.B., Cashman, J.F., (1975). A role making model in formal organizations: A 

developmental approach. In: Hunt, J.G., Larson, L.L. (Eds.), Leadership Frontiers. Kent 

State University Press, Kent, OH, pp. 143–165. 

 

Gregory Stone, A., Russell, R.F. & Patterson, K. (2004). Transformational versus servant 

leadership: A difference in leader focus. Leadership & Organisation Development 

Journal, 25(4), 349-361. 

 

Griffin, M. A., & Neal, A. (2000). Perceptions of safety at work: a framework for linking safety 

climate to safety performance, knowledge, and motivation. Journal of occupational health 

psychology, 5(3), 347. 

 

Gronn, P. (2002). Distributed leadership as a unit of analysis. The Leadership Quarterly, 13(4), 

423-451. 

 

Guldenmund, F. W. (2000). The nature of safety culture: A review of theory and 

research. Safety Science, 34(1-3), 215-257. 



 
 
  
 

250 

 

 

Hackman, J. R., & Wageman, R. (2005). A theory of team coaching. Academy of management 

review, 30(2), 269-287. 

 

Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., & Ebscohost. (2014). Multivariate data 

analysis (Seventh, Pearson new international ed.). Harlow, Essex: Pearson Education 

Limited. 

 

Hair, J. F., Black, W. C., Babin, B. J., Anderson, R. E., & Tatham, R. L. (2006). Multivariate 

data analysis 6th ed. Upper Saddle River: Pearson Prentice Hall. 

 

Hannah, S.T., Avolio, B.J. & Walumbwa, F.O. (2011). Relationships between authentic 

leadership, moral courage, and ethical and pro-social behaviours. Business Ethics 

Quarterly, 21(4), 555-578. 

 

Hassan, H., Asad, S. & Hoshino, Y. (2016). Determinants of leadership style in big five 

personality dimensions. Universal Journal of Management, 4(4), 161-179. 

 

Hayes, A. F. (2018). Partial, conditional, and moderated moderated mediation: Quantification, 

inference, and interpretation. Communication monographs, 85(1), 4-40. 

 

Hedström, P. & Swedberg, R. (Eds.). (1998). Social mechanisms: An analytical approach to 

social theory. Cambridge University Press. 

 

Hersey, P., & Blanchard, K. H. (1969). Life cycle theory of leadership. Training & 

Development Journal. 

 

Hilyard, J. (2012). The oil & gas industry: A nontechnical guide. PennWell Books. 

 

Hoffmeister, K., Gibbons, A. M., Johnson, S. K., Cigularov, K. P., Chen, P. Y., & Rosecrance, 

J. C. (2014). The differential effects of transformational leadership facets on employee 

safety. Safety Science, 62, 68-78. 

 

Hofmann, D.A., Morgeson, F., (1999). Safety-related behaviour as a social exchange: the role 

of perceived organisational support and leader-member exchange. Journal of Applied 

Psychology. 84, 286–296. 

 

Hofmann, D.A., Morgeson, F.P., (2004). The role of leadership in safety. In: Barling, J., Frone, 

M.R. (Eds.), Psychology of Workplace Safety. American Psychological Association, 

Washington, DC, 159–180. 

 

Hollnagel, E. (2016). Barriers and accident prevention. Routledge. 

 

Hollnagel, E., Woods, D. D., & Leveson, N. (2007). Resilience engineering: Concepts and 

precepts. Ashgate Publishing, Ltd. 

 

Homans, G.C. (1950). The human group. New York. Harpers. 

 



 
 
  
 

251 

 

Hoyle, R. H. (2012). Handbook of structural equation modelling (1 ed.). New York: Guilford 

Publications. 

 

Hoyle, R. H., & Panter, A. T. (1995). Writing about structural equation models Structural 

equation modelling: Concepts, issues, and applications. Thousand Oaks: Sage Publications. 

 

Hu, L. T., & Bentler, P. M. (1999). Cut-off criteria for fit indexes in covariance structure 

analysis: Conventional criteria versus new alternatives. Structural Equation Modelling: A 

Multidisciplinary Journal, 6(1), 1-55. doi:10.1080/10705519909540118 

 

Hunt, J.G. (1999). Transformational/charismatic leadership's transformation of the field: A 

historical essay. The Leadership Quarterly, 10(2), 129-144. 

 

Hystad, S. W., P. T. Bartone, & Eid, J. (2014). Positive Organisational Behaviour and Safety 

in the Offshore Oil Industry: Exploring the Determinants of Positive Safety Climate. 

Journal of Positive Psychology, 9(1) 42–53. 

 

Inness, M., Turner, N., Barling, J., & Stride, C. B. (2010). Transformational leadership and 

employee safety performance: A within-person, between-jobs design. Journal of 

Occupational Health Psychology, 15(3), 279–290. 

 

Ivancevich, J., Konopaske, R., & Matteson, M. (2007). Organisation Behaviour and 

Management. New York: McGraw-Hill Irwin. 

 

Jaccard, J., & Becker, M. (1997). Statistics for the behavioural sciences (3rd ed.). Pacific 

Grove, CA: Brooks/Cole Publishing. 

 

Jenkins, T. (2013). Reflections on Kenneth E. Boulding’s The Image: Glimpsing the Roots of 

Peace Education Pedagogy. Journal of Peace Education and Social justice, 7(1), 27-37. 

 

Jung, D.I. & Avolio, B.J., (2000). Opening the black box: An experimental investigation of the 

mediating effects of trust and value congruence on transformational and transactional 

leadership. Journal of Organisational Behaviour, 949-964. 

 

Kaplan, R. S., Kaplan, R. S., Norton, D. P., & Norton, D. P. (1996). The balanced scorecard: 

translating strategy into action. Harvard Business Press. 

 

Kauffman, S.A. (1993). The origins of order. Oxford University Press. New York. 

 

Kelloway, E.K., Mullen, J. & Francis, L. (2006). Divergent effects of transformational and 

passive leadership on employee safety. Journal of Occupational Health Psychology, 11(1), 

76. 

 

Ketels, C. H., & Memedovic, O. (2008). From clusters to cluster-based economic 

development. International journal of technological learning, innovation and 

development, 1(3), 375-392. 

 



 
 
  
 

252 

 

Khan, M.S., Khan, I., Qureshi, Q.A., Ismail, H.M., Rauf, H., Latif, A. & Tahir, M. (2015). The 

styles of leadership: a critical review. Public Policy and Administration Research, 5(3), 87-

92. 

 

Kines, P., Andersen, L. P. Spangenberg, S., Mikkelsen, K. L., Dyreborg, J., & Zohar, D. (2010). 

Improving construction site safety through leader-based verbal safety 

communication. Journal of Safety Research, 41(5), 399-406. 

 

Kline, R. (2015). Principles and practice of structural equation modelling. Guilford Press, New 

York. 

 

Konczak, L. J., Stelly, D. J., & Trusty, M. L. (2000). Defining and measuring empowering 

leader behaviours: Development of an upward feedback instrument. Educational and 

Psychological Measurement, 60, 301-313. 

 

Kontopoulos, K.M. (2006). The logics of social structure (Vol. 6). Cambridge University 

Press. 

 

Koufteros, X. A. (1999). Testing a model of pull production: a paradigm for manufacturing 

research using structural equation modelling. Journal of Operations Management, 17(4), 

467-488. doi:10.1016/S0272-6963(99)00002-9 

 

La Porte, T. R. (1996). High reliability organisations: Unlikely, demanding and at risk. Journal 

of Contingencies and Crisis Management, 4(2), 60-71. 

 

Lamb, L. F., & McKee, K. B. (2004). Applied public relations: Cases in stakeholder 

management. Lawrence Erlbaum Associates. Routledge. Mahwah, New Jersey. 

 

Lamb, R. (2013). How can managers use participative leadership effectively? Available from: 

http://www.task.fm/participative-leadership. [Accessed 09 January 2018] 

 

Lee, Y. H., Lu, T. E., Yang, C. C., & Chang, G. (2019). A multilevel approach on empowering 

leadership and safety behaviour in the medical industry: The mediating effects of knowledge 

sharing and safety climate. Safety Science, 117, 1-9. 

 

Lencioni, P. (2005). The Five Dysfunctions of a Team (2002). Overcoming the Five 

Dysfunctions of a Team. 

 

Lewin, K. (1952). Group decision and social change in GE Swanson, TM Newcomb, & EL 

Hartley (eds.) Readings in social psychology. New York: Holt. 

 

Lichtenstein, B.B., Uhl-Bien, M., Marion, R., Seers, A., Orton, J.D., & Schreiber, C. (2006). 

Complexity leadership theory: An interactive perspective on leading in complex adaptive 

systems. Emergence: Complex Organisations, 2–12. 

 

Liden, R. C., & Antonakis, J. (2009). Considering context in psychological leader- ship 

research. Human Relations, 62, 1587–1605.  

 

http://www.task.fm/participative-leadership


 
 
  
 

253 

 

Locke, E. A., & Schweiger, D. M. (1979). Participation in decision-making: One more look. 

In BM Staw (Ed.), Research in organizational behaviour, 1. 

 

Lomax, R.G. & Schumacker, R.E. (2012). A beginner's guide to structural equation modelling. 

New York, NY: Routledge Academic. 

 

Lovelace, K. J., Manz, C. C., & Alves, J. C. (2007). Work stress and leadership development: 

The role of self-leadership, shared leadership, physical fitness and flow in managing 

demands and increasing job control. Human Resource Management Review, 17, 374-387. 

 

Loxton, N. (2016). Applied Structural Equation Modelling using AMOS. University of 

Queensland: ACSPRI Australian Consortium for Social & Political Research Inc. 

 

Lu, C. S., & Yang, C. S. (2010). Safety leadership and safety behaviour in container terminal 

operations. Safety Science, 48(2), 123-134. 

 

Lu, C. S., Lai, K. h. and Cheng, T. C. E. (2007), 'Application of structural equation modelling 

to evaluate the intention of shippers to use Internet services in liner shipping', European 

Journal of Operational Research, 180(2), 845-867. 

 

MacKinnon, D. P., Warsi, G., & Dwyer, J. H. (1995). A simulation study of mediated effect 

measures. Multivariate Behavioural Research, 30(1), 41–62. 

 

Manz, C., & Sims, H. (1987). Leading workers to lead themselves: The external leadership of 

self-managed work teams. Administrative Science Quarterly, 32, 106–128. 

 

Marion, R. & Uhl-Bien, M. (2001). Leadership in complex organisations. The Leadership 

Quarterly, 12(4), 389-418. 

 

Marion, R. & Uhl-Bien, M. (2003). Complexity theory and Al-Qaeda: Examining complex 

leadership. Emergence, 5(1), 54-76. 

 

Marion, R. (1999). The edge of organisation: Chaos and complexity theories of formal social 

systems. Sage. 

 

Marion, R. (2008). Complexity theory for organisations and organisational 

leadership. Complexity Leadership, 1, 1-15. 

 

Martínez-Córcoles, M. & Stephanou, K. (2017). Linking active transactional leadership and 

safety performance in military operations. Safety Science, 96, 93-101. 

 

Martínez-Córcoles, M., Gracia, F. J., Tomás, I., Peiró, J. M., & Schöbel, M. (2013). 

Empowering team leadership and safety performance in nuclear power plants: A multilevel 

approach. Safety Science, 51(1), 293-301. 

 

McBride, M., & Collinson, G. (2011). Governance of process safety within a global energy 

company. Loss Prevention Bulletin, (217), 15-25.  

 



 
 
  
 

254 

 

McKelvey, B. & Boisot, M.H. (2003). Transcendental organisational foresight in nonlinear 

contexts. In INSEAD Conference on Expanding Perspectives on Strategy Processes, 

Fontainebleau, France. 

 

McMillan, E. (2008). Complexity, management and the dynamics of change: Challenges for 

practice. New York: Routledge. 

 

Michael, J.H., Guo, Z.G., Wiedenbeck, J.K., Ray, C.D., (2006). Production supervisor impacts 

on subordinates’ safety outcomes: an investigation of leader–member exchange and safety 

communication. Journal of Safety Research 3, 469–477. 

 

Mitleton-Kelly, E. (2003). Ten principles of complexity and enabling infrastructures. Complex 

systems and evolutionary perspectives on organisations: The application of complexity 

theory to organisations, 23-50. 

 

Mohamed, S. (2002). Safety Climate in Construction Site Environments. Journal of 

Construction Engineering and Management, 128(5), 375–384. 

 

Mohamed, S. (2003), 'Performance in international construction joint ventures: Modelling 

perspective', Journal of Construction Engineering and Management, 129(6), 619-626. 

 

Mohammadnazar, D., & Samimi, A. (2019). Necessities of Studying HSE Management 

Position and Role in Iran Oil Industry. Journal of Chemical Reviews, 1(4), 252-259. 

 

Morgan, G. (2006). Images of Organisation, Sage Publications, Thousand Oaks, CA.  

 

Morrow, S.L., McGonagle, A.K., Dove-Steinkamp, M.L., Walker, C.T., Marmet, M., Barnes-

Farrell, J.L., 2010. Relationships between psychological safety climate facets and safety 

behaviour in the rail industry: A dominance analysis. Accident Analysis and Prevention 42, 

1460-1467. 

 

Mouton, J. & Marais, H.C. (1988). Basic concepts in the methodology of the social sciences. 

HSRC Press. 

 

Mullen, J., Kelloway, E. K., & Teed, M. (2011). Inconsistent style of leadership as a predictor 

of safety behaviour. Work & Stress, 25(1), 41-54. 

 

Mullen, J.E. & Kelloway, E.K. (2009). Safety leadership: A longitudinal study of the effects 

of transformational leadership on safety outcomes. Journal of Occupational and 

Organisational Psychology, 82(2), 253-272. 

 

Mumford, M.D., Bedell-Avers, K.E. & Hunter, S.T. (2008). Planning for innovation: A multi-

level perspective. In Multi-level issues in creativity and innovation, 107-154, Emerald 

Group Publishing Limited. 

 

Murphy, L. (2002). Job stress research at NIOSH: 1972-2002. In P. Perrewe & D. Ganster 

(Eds.), Research in occupational stress and well-being: Historical and current perspectives 

on stress and health (Vol. 2., pp. 1-55). New York, NY: Elsevier Science. 

 



255 

Nahrgang, J.D., Morgeson, F.P., Hofmann, D.A., (2008). Predicting safety performance: a 

meta-analysis of safety and organizational constructs. In: Presented at the Annual Meeting 

of the Society for Industrial and Organizational Psychology, San Francisco, April. 

Naveh, E., Katz-Navon, T., Stern, Z., (2005). Treatment errors in healthcare: A safety climate 

approach. Management Science 51, 948–960. 

Naylor, J. (1999). Management. Harlow, England: Prentice Hall. 

Neal, A. & Griffin, M.A. (2006). A study of the lagged relationships among safety climate, 

safety motivation, safety behaviour, and accidents at the individual and group 

levels. Journal of Applied Psychology, 91(4), 946. 

Neal, A., Griffin, M. A., & Hart, P. M. (2000). The impact of organizational climate on safety 

climate and individual behaviour. Safety science, 34(1-3), 99-109. 

Northouse, P.G. (2018). Leadership: Theory and practice. Sage Publications. 

Ojuola, J., & Mohamed, S. (2018). Can Leadership Styles Inform Safety Outcomes in Safety-

Critical Organisations? A Review of Literature. In Proceedings of the 7th World 

Construction Symposium 2018: Built Asset Sustainability: Rethinking Design, Construction 

and Operation. 29 June – 01 July 2018, Colombo, Sri Lanka, 136-144. 

Ojuola, J., Mostafa, S., & Mohamed, S. (2019). Construction Safety Leadership: A Complexity 

Perspective. In Proceedings of the 1st international Conference on Construction Project 

Management and Construction Engineering (iCCPMCE-2018), 03-06, December 2018, 

Sydney, Australia, 104-109. 

Ojuola, J., Mostafa, S., & Mohamed, S. (2020a). Safety Leadership Functions Using 

Complexity Science. In book: Lecture Notes in Mechanical Engineering, Springer, 395-405. 

Proceedings of the 10th International Conference on Engineering, Project, and Production 

Management (EPPM 2019), September 2-4, 2019, Berlin, Germany. doi:10.1007/978-981-

15-1910-9_33

Ojuola, J., Mostafa, S., & Mohamed, S. (2020b). Investigating the Role of Leadership in Safety 

Outcomes Within Oil and Gas Organisations. In Safety and Reliability, 1-13. Taylor & 

Francis. doi:10.1080/09617353.2020.1759259. 

Ololube, N. P. (2013). Educational Management, Planning and Supervision: Model for 

Effective Implementation. Owerri: Springfield Publishers. 

Pallant, J. (2005). SPSS Survival Manual - A step by step guide to data analysis using SPSS for 

Windows (Version 12) (2nd ed.). Open University Press, Berkshire. 

Pat-El, I. E., Meijlink, L., & Mol, P. (2014). Major accidents and their impact - The EU 

directive for offshore safety. Abu Dhabi International Petroleum Exhibition and 

Conference. Society of Petroleum Engineers. November. 



256 

Payne, R. (1990). Madness in our method. A comment on Jackofsky and Slocum's paper, ‘A 

longitudinal study of climates. Journal of Organisational Behaviour, 11(1), 77-80. 

Pearce, C.L. & Conger, J.A. (2002). Shared leadership: Reframing the hows and whys of 

leadership. Sage. 

Perrow, C. (2011). Normal accidents: Living with high risk technologies. Princeton university 

press. 

Pinheiro, A., Cranor, B. D., & Anderson, D. O. (2011). Assessing risk: A simplified 

methodology for pre-job planning in oil & gas production. Professional Safety, 56(09), 34-

41. 

Plsek, P.E. & Greenhalgh, T. (2001). Complexity science: The challenge of complexity in 

health care. BMJ: British Medical Journal, 323(7313), 625. 

Podsakoff, P. M. and Organ, D. W. (1986), 'Self-reports in organizational research: problems 

and prospects', Journal of Management, 12(4), 531-544. 

Preacher, K. J., & Hayes, A. F. (2008). Asymptotic and resampling strategies for assessing and 

comparing indirect effects in multiple mediator models. Behaviour research 

methods, 40(3), 879-891. 

Probst, T. M., & Estrada, A. X. (2010). Accident under-reporting among employees: Testing 

the moderating influence of psychological safety climate and supervisor enforcement of 

safety practices. Accident analysis & prevention, 42(5), 1438-1444. 

Probst, T. M., Brubaker, T. L., & Barsotti, A. (2008). Organizational injury rate underreporting: 

the moderating effect of organizational safety climate. Journal of Applied 

Psychology, 93(5), 1147. 

Rampersad, H. K. (2009). Authentic personal branding: A new blueprint for building and 

aligning a powerful leadership brand. IAP. 

Rasmussen, J. (1997). Risk management in a dynamic society: A modelling problem. Safety 

Science, 27(2-3), 183-213. 

Reiman, T. (2007). Assessing organisational culture in complex sociotechnical 

systems. Methodological evidence from studies in nuclear power plant maintenance 

organisations. Espoo: VTT. 

Reiman, T., & Oedewald, P. (2006). Assessing the maintenance unit of a nuclear power plant–

identifying the cultural conceptions concerning the maintenance work and the maintenance 

organisation. Safety Science, 44(9), 821-850. 

Reiman, T., & Oedewald, P. (2007). Assessment of complex sociotechnical systems: 

Theoretical issues concerning the use of organisational culture and organisational core task 

concepts. Safety Science, 45(7), 745-768. 



257 

Reiman, T., Oedewald, P., Wahlstroem, B., Rollenhagen, C., & Kahlbom, U. 

(2008). Conducting organisational safety reviews-requirements, methods and 

experience (No. NKS--164). Nordisk Kernesikkerhedsforskning. 

Reiman, T., Rollenhagen, C., Pietikäinen, E. & Heikkilä, J. (2015). Principles of adaptive 

management in complex safety–critical organisations. Safety Science, 71, 80-92. 

Retzer, K. D., Hill, R. D., & Pratt, S. G. (2013). Motor vehicle fatalities among oil and gas 

extraction workers. Accident Analysis & Prevention, 51, 168-174. 

Robb, M., & Miller, G. (2012). Human factors engineering in oil and gas-a review of industry 

guidance. Work, 41(Supplement 1), 752-762. 

Rowe, W. G., & Guerrero, L. (2012). Cases in leadership. Sage. 

Roy, D. (1954). Efficiency and "the fix": Informal intergroup relations in a piecework machine 

shop. American Journal of Sociology, 60(3), 255-266. 

Sagan, S. D. (1995). The limits of safety: Organisations, accidents, and nuclear weapons. 

Princeton University Press. 

Saleh, J. H., Haga, R. A., Favarò, F. M., & Bakolas, E. (2014). Texas City refinery accident: 

Case study in breakdown of defense-in-depth and violation of the safety–diagnosability 

principle in design. Engineering Failure Analysis, 36, 121-133. 

Santrock, J. W. (2007). A topical approach to life-span development. New York, NY: McGraw-

Hill 

Schaefer, R. T. (2005). Sociology. 9th ed. New York, NY: McGraw-Hill. 

Schein, E. H. (2010). Organizational culture and leadership (Vol. 2). John Wiley & Sons. 

Schneider, B., & Reichers, A. E. (1983). On the etiology of climates. Personnel 

Psychology, 36(1), 19-39. 

Schneider, J., Campbell, D., Vargo, C., & Hall, R. (2011). An analysis of reported 

sustainability-related efforts in the petroleum refining industry. The Journal of Corporate 

Citizenship, 44, 69. 

Schneider, M. & Somers, M. (2006). Organisations as complex adaptive systems: Implications 

of complexity theory for leadership research. The Leadership Quarterly, 17(4), 351-365. 

Schwab, D. P. (2013). Research methods for organisational studies. Psychology Press. 

Schyns, B., & Schilling, J. (2011). Implicit leadership theories: Think leader, think 

effective? Journal of Management Inquiry, 20(2), 141-150. 



 
 
  
 

258 

 

Seibert, S. E., Silver, S. R., & Randolph, W. A. (2004). Taking empowerment to the next level: 

A multiple-level model of empowerment, performance and satisfaction. Academy of 

Management Journal, 47, 332-349. 

 

Sekaran, U., & Bougie, R. (2016). Research methods for business: A skill building approach. 

John Wiley & Sons. 

 

Selltiz, C., Jahoda, M.D.M. & Cook, S.W. (1965). Research methods in social relations. 

 

Selznick, P. (1948). Foundations of the theory of organisation. American Sociological 

Review, 13(1), 25-35. 

 

Senge, P. M. (1990). The fifth discipline. New York: Currency. Doubleday). Mental Models. 

Planning Review, 20(2), 4-13. 

 

Senge, P. M., Kleiner, A., Roberts, C, Ross, R., & Smith, B. (1994). The fifth Discipline field 

book. New York: Currency Doubleday.  

 

Shah, R., & Goldstein, S. M. (2006). Use of structural equation modelling in operations 

management research: Looking back and forward. Journal of Operations 

management, 24(2), 148-169. 

 

Simard, M., Marchand, A., (1994). The behaviour of first-line supervisors in accident 

prevention and effectiveness in occupational safety. Safety Science 17, 169–185. 

 

Skogstad, A., Einarsen, S., Torsheim, T., Aasland, M.S. & Hetland, H. (2007). The 

destructiveness of laissez-faire leadership behaviour. Journal of Occupational Health 

Psychology, 12(1), 80. 

 

Snook, S. A. (2002). Friendly fire: The accidental shootdown of US Black Hawks over 

northern Iraq. Princeton university press. 

 

Snowden, D.J. & Boone, M.E. (2007). A leader's framework for decision making. Harvard 

Business Review, 85(11), 68. 

 

Spencer, L.M. & Spencer, P.S.M. (2008). Competence at Work models for superior 

performance. John Wiley & Sons. 

 

Stewart, G. L., Courtright, S. H., & Barrick, M. R. (2012). Peer-based control in self managing 

teams: Linking rational and normative influence with individual and group performance. 

Journal of Applied Psychology, 97, 435-447. 

 

Stride, C. B., Turner, N., Hershcovis, M. S., Reich, T. C., Clegg, C. W., & Murphy, P. (2013). 

Negative safety events as correlates of work-safety tension. Safety Science, 53, 45-50. 

 

Tabachnick, B. G. and Fidell, L. S. (2007), Using Multivariate Statistics, 5th ed, Pearson 

Education, Inc., Boston. 

 



259 

Tharaldsen, J.E., Mearns, K.J. & Knudsen, K. (2010). Perspectives on safety: The impact of 

group membership, work factors and trust on safety performance in UK and Norwegian 

drilling company employees. Safety Science, 48(8), 1062-1072. 

Thomas, K. W., & Velthouse, B. A. (1990). Cognitive elements of empowerment: An 

“interpretive” model of intrinsic task motivation. Academy of management review, 15(4), 

666-681.

Tong, R., Yang, X., Parker, T., Zhang, B., & Wang, Q. (2020). Exploration of relationships 

between safety performance and unsafe behaviour in the Chinese oil industry. Journal of 

Loss Prevention in the Process Industries, 104167. 

Toor, S.U.R. & Ofori, G. (2009). Ethical Leadership: Examining the relationships with full 

range leadership model, employee outcomes, and organisational culture. Journal of 

Business Ethics, 90(4), 533-547. 

Turner, S. (2002). Tools for success: A manager's guide. McGraw-Hill. 

U.S. Energy Information Administration (2014). International Energy Outlook 2014: World 

Petroleum and Other Liquid Fuels. DOE/EIA-0484(2014). Washington, DC, United States. 

Available from: http://www.eia.gov/forecasts/ieo/pdf/0484%282014%29.pdf [Accessed 05 

June 2018]. 

U.S. Environmental Protection Agency (2000). Office of Compliance Sector Notebook Project. 

Profile of the Oil and Gas Extraction Industry. EPA/310-R-99-006. Washington, DC, 

United States. Available from: 

http://www.epa.gov/compliance/resources/publications/assistance/sectors/notebooks/oilg 

as.pdf [Accessed 05 June 2018].  

U.S. Occupational Safety and Health Administration (1999). OSHA Technical Manual (OTM) 

Section IV: Chapter 2, Petroleum Refining Processes. TED 01-00-015.1999. Available 

from: https://www.osha.gov/dts/osta/otm/otm_iv/otm_iv_2.html#3 [Accessed 05 June 

2018]. 

Uhl-Bien, M., Marion, R. & McKelvey, B. (2007). Complexity leadership theory: Shifting 

leadership from the industrial age to the knowledge era. The Leadership Quarterly, 18(4), 

298-318.

Van Vugt, M., Hogan, R. & Kaiser, R.B. (2008). Leadership, followership, and evolution: 

Some lessons from the past. American Psychologist, 63(3), 182. 

Volberda, H.W. (1996). Toward the flexible form: How to remain vital in hypercompetitive 

environments. Organisation Science, 7(4), 359-374. 

Walumbwa, F.O., Mayer, D.M., Wang, P., Wang, H., Workman, K. & Christensen, A.L. 

(2011). Linking ethical leadership to employee performance: The roles of leader–member 

exchange, self-efficacy, and organisational identification. Organisational Behaviour and 

Human Decision Processes, 115(2), 204-213. 

http://www.eia.gov/forecasts/ieo/pdf/0484%282014%29.pdf
http://www.epa.gov/compliance/resources/publications/assistance/sectors/notebooks/oilg%20as.pdf
http://www.epa.gov/compliance/resources/publications/assistance/sectors/notebooks/oilg%20as.pdf
https://www.osha.gov/dts/osta/otm/otm_iv/otm_iv_2.html#3


 
 
  
 

260 

 

Weberg, D. (2012). Complexity leadership: A healthcare imperative. Nursing Forum 47(4), 

268-277). 

 

Weddle, J. (2013). Levels of Decision Making in the Workplace. Available from: 

http://www.jobdig.com/articles/1115/Levels_of_Decision_Making_in_the_Workplace.htm

l. [Accessed 28 December 2017].  

 

Weick, K. E. (1995). Sensemaking in organisations (Vol. 3). Sage. 

 

Weick, K. E., & Sutcliffe, K. M. (2011). Managing the unexpected: Resilient performance in 

an age of uncertainty (Vol. 8). John Wiley & Sons. 

 

Weick, K.E. & Sutcliffe, K.M. (2001). Managing the unexpected. Assuring high performance 

in an age of complexity. San Francisco: Jossey-Bass.  

 

Weick, K.E. (1976). Educational organisations as loosely coupled systems. Administrative 

Science Quarterly, 1-19. 

 

West, S., Finch, J., & Curran, P. (1995). Structural equation models with non-normal variables: 

problems and remedies. In Hoyle (ed.), Structural equation modelling: Concepts, issues, 

and applications. SAGE Publications: Thousand Oaks. 

 

Wirthman, L. (2014). Is flat better? Zappos ditches hierarchy to improve company 

performance. Retrieved from http://www.forbes.com/sites/sungardas/2014/01/07/isflat- 

better-zappos-ditches-hierarchy-to-improve-company-performance/ 

 

Wolinski, S. (2010). Leadership Theories. Available from: 

http://managementhelp.org/blogs/leadership/201 0/04/21/leadership-theories/. [Accessed 

14 February 2018] 

 

Woods, D. D., & Hollnagel, E. (2017). Prologue: resilience engineering concepts. In Resilience 

Engineering (13-18). CRC Press. 

 

Woods, P.A. (2004). Democratic leadership: drawing distinctions with distributed 

leadership. International Journal of Leadership in Education, 7(1), 3-26. 

 

Wright, P. L. (1996). Managerial leadership. Thomson Learning. 

 

Wu, C., Fang, D., & Li, N. (2015). Roles of owners' leadership in construction safety: The case 

of high-speed railway construction projects in China. International Journal of Project 

Management, 33(8), 1665-1679. 

 

Wu, C., Wang, F., Zou, P. X., & Fang, D. (2016). How safety leadership works among owners, 

contractors and subcontractors in construction projects. International journal of project 

management, 34(5), 789-805. 

 

Xia, N., Griffin, M. A., Wang, X., Liu, X., & Wang, D. (2018). Is there agreement between 

worker self and supervisor assessment of worker safety performance? An examination in 

the construction industry. Journal of safety research, 65, 29-37. 

http://www.forbes.com/sites/sungardas/2014/01/07/isflat-%20better-zappos-ditches-hierarchy-to-improve-company-performance/
http://www.forbes.com/sites/sungardas/2014/01/07/isflat-%20better-zappos-ditches-hierarchy-to-improve-company-performance/


261 

Yukl, G., & Mahsud, R. (2010). Why flexible and adaptive leadership is essential. Consulting 

Psychology Journal: practice and research, 62(2), 81. 

Yule, S., Flin, R., & Murdy, A. (2007). The role of management and safety climate in 

preventing risk-taking at work. International Journal of Risk Assessment and 

Management, 7(2), 137-151. 

Zohar, D. (1980). Safety climate in industrial organizations: Theoretical and applied 

implications. Journal of applied psychology, 65(1), 96-102. 

Zohar, D. (2002). The effects of leadership dimensions, safety climate, and assigned priorities 

on minor injuries in work groups. Journal of Organisational Behaviour, 23(1), 75-92. 

Zohar, D. and Luria, G. (2005). A multilevel model of safety climate: cross-level relationships 

between organisation and group-level climates. Journal of Applied Psychology, 90(4), 616. 

Zohar, D. and Tenne-Gazit, O. (2008). Transformational leadership and group interaction as 

climate antecedents: A social network analysis. Journal of Applied Psychology, 93(4), 744-

757.



262 

Appendix A: Research Ethics Approval 

Friday 23/08/2019 2:46PM 

RIMS Griffith 

Full Research Ethics Clearance 2019/614 

GRIFFITH UNIVERSITY HUMAN RESEARCH ETHICS REVIEW 

Dear Prof Sherif Mohamed 

I write further to the additional information provided in relation to the provisional approval granted to 

your application for ethical clearance for your project "Safety Leadership in the Oil and Gas Industry: 

The Mediating Role of Complexity Science Principles" (GU Ref No: 2019/614).  

This is to confirm that this response has addressed the comments and concerns of the HREC. 

The ethics reviewers resolved to grant your application a clearance status of "Fully Approved". 

Consequently, you are authorised to immediately commence this research on this basis. 

Regards 

Dr Gary Allen 

Senior Policy Officer 

Office for Research 

Bray Centre, Nathan Campus 

Griffith University 

ph: c/o 373 5 2069 

email: g.allen@griffith.edu.au 

mailto:g.allen@griffith.edu.au


263 

Appendix B: Research Survey 

Research Project: Safety Leadership in the Oil and Gas Industry 

PhD Candidate 

John Ojuola 

School of Engineering and Built Environment, Griffith University 

Ph: +61 (0)7 5552 7068  

Email: john.ojuola@griffithuni.edu.au 

Principal Supervisor 

Prof. Sherif Mohamed, Head of School, 

School of Engineering and Built Environment, Griffith University 

Email: s.mohamed@griffith.edu.au 

Ph: +61 (0)7 5552 8575 

07 October 2019 

INVITATION LETTER 

Dear Participant, 
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Research Project: Safety Leadership in the Oil and Gas Industry 

PARTICIPANT INFORMATION SHEET 

PhD Candidate 

John Ojuola 

School of Engineering and Built Environment, Griffith University 

Ph: +61 (0)7 5552 7068  
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Principal Supervisor 

Prof. Sherif Mohamed, Head of School, 

School of Engineering and Built Environment, Griffith University 
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Why is the research being conducted? 

The aim of the current study is to investigate the relationship(s) between leadership behaviours and 

safety outcomes in the oil and gas industry. The study will also examine the mediating effects of 1) 

connectivity, interdependence and feedback between team members, 2) patterns of behaviour between 

leadership and team members, and 3) factors which influence leadership. 

Your participation is voluntary 

Your participation in this research project is completely voluntary. You are free to withdraw your 

consent at any time during the project without comment or penalty. 

Participant selection and/or screening 

We welcome your participation if you are either: 

• project manager

• project supervisor

• project safety manager or

• site engineer/manager

What you will be asked to do 

Your participation will involve completing a brief online survey containing statements related to safety 

leadership in the context of your current project. Completing the survey will take approximately 10 to 

15 minutes. 

The expected benefits of the research 

It is expected that this research will provide valuable information about the effect of contemporary 

leadership styles on safety outcomes in safety-critical organisations. 

School of Engineering 

and Built Environment, 

Griffith University 

Gold Coast, QLD 4222, 

Australia 
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Your confidentiality 

The information you provide will be treated confidentially and all comments and responses are 

anonymous. Participants’ data will not be identifiable in any publication or reporting. As required by 

Griffith University, all research data (survey responses and analysis) will be stored in locked cabinets 

in a locked office at Griffith University or retained in a password protected electronic file at Griffith 

University for a minimum period of five years before being destroyed. The Chief Investigators will 

have control of access to the data, and only members of the research team will have access to the data. 

Consent to participate 

Completion and submission of the survey will be accepted as informed consent to participate. 

Questions / further information about the project 

Please contact the research team members if you have any questions or require further information 

about the project. 

Feedback to you 

No automatic feedback will be given to you about the results of this study. However, if you participate 

and wish to receive a summary of the research results once the study has been completed, you can email 

the research team members. 

The ethical conduct of the project 

Griffith University conducts research in accordance with the National Statement on Ethical Conduct in 

Human Research.  If you do have any concerns or complaints about the ethical conduct of the project 

you may contact the Manager, Research Ethics on +61 (0)7 3735 4375 or research-

ethics@griffith.edu.au. This project has received ethical approval from the Griffith University Human 

Research Ethics Committee (GU Ref no: 2019/614). 
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RESEARCH QUESTIONNAIRE 

Section A – Your Profile 

Please select the most appropriate response: 

1. What is your current position?

 Project Manager  Project Supervisor  Project Safety 

Manager 

 Site Engineer/Manager  Others_ 

2. How many years of experience do you have as a project manager/project supervisor?

 Less than 5years  5-10 years  11-16 years  17-22 years  Over 22 years 

3. How many years of experience do you have in the oil and gas industry?

 Less than 5years  5-10 years  11-16 years  17-22 years  Over 22 years 

4. How many years have you worked with this organisation?

 Less than 5years  5-10 years  11-16 years  17-22 years  Over 22 years 

Section B – Your Organisation 

1. The name of your organisation (Optional): ____________________________________________________

2. Location of your current project: ____________________________________________________________

3. What is the approximate value for your current project?

Figure: _________________ Currency: _______________ 

Please read the following statements and select the most appropriate response: 

4. How many years has your organisation been operating?

 Less than 5years  5-10 years  11-16 years  17-22 years  Over 22 years 

5. How would you best describe your organisation?

 Local (single office)  Regional  National  International 

6. What type of project are you currently working on?

 Private  Public  Others ___________________ 

7. On average how many staff from your organisation are at your current project location?

 50-100  101-150  151-200  Over 200 

8. In your current project, your safety responsibility is:

 Direct  Indirect  Both 
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9.  Your safety responsibility extends to _____________ (nos. of staff). 

 

10.  Compared to your previous projects of similar size, how do you rate the safety performance on this project?  

 Worse  Same  Better  

 

 

11.  Why? __________________________________________________________________________________ 

 

12.  How do you rate the reporting of incidents/accidents on this project? 

 Unsatisfactory  Fair  Satisfactory  

 

 

  

 Section C – Leadership Behaviour 

In your current project, to what extent do you agree with each of the statements listed below regarding the 

leadership in your organisation? 

Strongly disagree 

1 

Disagree 

2 

Neutral 

3 

Agree 

4 

Strongly agree 

5 

 
Description 

 

Rating Scale 

LB1 Leadership reinforces workers’ safe behaviours. 

  

1 2 3 4 5 N/A 

LB2 Leadership participates in workforce safety activities. 

  

1 2 3 4 5 N/A 

LB3 Leadership encourages employees to be actively involved in safety 

initiatives. 

1 2 3 4 5 N/A 

LB4 Leadership demonstrates visible and consistent commitment to 

safety.  

1 2 3 4 5 N/A 

LB5 Leadership constantly relays the importance of corporate vision for 

safety to supervisors. 

1 2 3 4 5 N/A 

LB6 Leadership encourages participatory styles by middle managers and 

supervisors. 

1 2 3 4 5 N/A 

LB7 Leadership ensures compliance with safety regulatory requirements. 1 2 3 4 5 N/A 

LB8 Leadership provides resources for comprehensive safety 

programmes. 

1 2 3 4 5 N/A 

LB9 Leadership allots adequate time for safety. 

 

1 2 3 4 5 N/A 

LB10 Leadership is actively involved in safety initiatives. 

 

1 2 3 4 5 N/A 

LB11 Leadership emphasises safety over productivity. 

 

1 2 3 4 5 N/A 

LB12 Leadership is proactive with regards to safety matters. 

 

1 2 3 4 5 N/A 

LB13 Leadership taps into team members’ potentials to promote a safe 

environment. 

1 2 3 4 5 N/A 

LB14 Leadership and team processes on safety are dynamic and fluid. 

 

1 2 3 4 5 N/A 

LB15 The leadership structure is designed so any one can take the lead 

when the need arises with regards to safety issues. 

1 2 3 4 5 N/A 
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Section D – Safety Leadership 

1. In your current project, please rate the influence of the leadership in your organisation with regards to

safety:

No influence 

1 

Little influence 

2 

Some influence 

3 

Significant influence 

4 

Major influence 

5 

Description Rating Scale 

CON1 Leadership fosters relationship within teams. 1 2 3 4 5 N/A 

CON2 Leadership encourages co-learning among employees. 1 2 3 4 5 N/A 

CON3 Leadership promotes workers’ participation. 1 2 3 4 5 N/A 

CON4 Leadership provides open channels for communication. 1 2 3 4 5 N/A 

CON5 Leadership spends time teaching and coaching. 1 2 3 4 5 N/A 

CON6 Leadership endorses openness and honesty. 1 2 3 4 5 N/A 

CON7 Leadership has a strong sense of clarity and purpose. 1 2 3 4 5 N/A 

CON8 Leadership creates clearly defined and widely held values and beliefs. 1 2 3 4 5 N/A 

2. In your current project, how do these leadership actions impact safety in your organisation?

Description Descriptor 

INT1 Leadership champions building of trust among team 

members. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

INT2 Leadership upholds the spirit of cooperation. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

INT3 Leadership emphasises team-orientation efforts and success. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

INT4 Leadership has a strong network of projects that share best 

practices. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

3. In your current project, to what extent does leadership help to promote a feedback process about safety in

your organisation?

Description Descriptor 

FBK1 Leadership views mistakes as opportunities for learning. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

FBK2 Leadership always welcomes suggestions to improve safety. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

FBK3 Leadership carefully reviews lessons learnt and works on 

them. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

FBK4 Leadership is ever-ready to take up new challenges. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

FBK5 Leadership is quick to deploy or redeploy resources to 

support executions of ideas/initiatives. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 
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4. In your current project, what patterns of behaviour does leadership portray that could influence safety?

Description Descriptor 

EXP1 Leadership is open to take advantage of new opportunities. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

EXP2 Leadership always welcomes new ideas/options. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

EXP3 Leadership encourages team members to try new strategies 

that might have an impact on safety outcomes. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

EXP4 Leadership prompts team members to continuously seek ways 

to improve safety outcomes. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

EXP5 Leadership encourages safety initiatives. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

EXP6 Leadership promotes professional development programmes 

that will enhance safety outcomes. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

5. In your current project, how does leadership enable positive safety outcomes?

Description Descriptor 

COE1 Leadership facilitates ongoing changes within the 

organisation.  

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

COE2 Leadership influences other team members. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

COE3 Leadership is influenced by other team members. Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

COE4 Leadership and team members work together to make 

adjustments to accommodate changes in the organisation. 

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

COE5 Leadership actively seeks new information that will improve 

the safety of the work environment.  

Very 

low 

Moderately 

low 

Average Moderately 

high 

Very 

high 

Section E – Safety Outcomes 

Based on your current project, to what extent do you agree with each of the statements listed below regarding 

the leadership in your firm? 

Strongly disagree 

1 

Disagree 

2 

Neutral 

3 

Agree 

4 

Strongly agree 

5 

1. In what ways does leadership encourage safety participation in the workplace?

Description Rating Scale 

SPA1 Leadership encourages team members to participate in safety 

programmes. 

1 2 3 4 5 N/A 

SPA2 Leadership influences team members to voluntarily carry out activities 

that help improve workplace safety. 

1 2 3 4 5 N/A 

SPA3 Leadership creates a platform to formally advise management whenever 

safety-related matters are noticed in the workplace. 

1 2 3 4 5 N/A 

SPA4 Leadership prompts team members to help others when they are working 

under unsafe conditions. 

1 2 3 4 5 N/A 

SPA5 Leadership insists on the attendance of regular safety meetings or 

workshops arranged by the management.  

1 2 3 4 5 N/A 

SPA6 Leadership inspires team members to take responsibility for promoting 

safety programmes within the workplace. 

1 2 3 4 5 N/A 
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2. How does leadership influence safety compliance in the workplace?

Description Rating Scale 

SCO1 Leadership ensures that team members comply with safety initiatives. 1 2 3 4 5 N/A 

SCO2 Leadership ensures the highest level of safety compliance (industry 

standard). 

1 2 3 4 5 N/A 

SCO3 Leadership compels all team members to follow all safety rules. 1 2 3 4 5 N/A 

SCO4 Leadership provides all necessary safety equipment to carry out tasks. 1 2 3 4 5 N/A 

SCO5 Leadership ensures the use of all necessary safety equipment to carry out 

tasks. 

1 2 3 4 5 N/A 

SCO6 Leadership always insist that all tasks are carried out in a safe manner. 1 2 3 4 5 N/A 

3. How does leadership promote the following practices in the workplace?

Description Rating Scale 

SCL1 Leadership promotes the need for and benefits of having a safe work 

environment. 

1 2 3 4 5 N/A 

SCL2 Leadership makes arrangements for regular workplace safety training. 1 2 3 4 5 N/A 

SCL3 Leadership organises adequate safety training for processes, tasks and 

work tools/equipment.    

1 2 3 4 5 N/A 

SCL4 Leadership provides state-of-the-art safety equipment and procedures. 1 2 3 4 5 N/A 

SCL5 Leadership ensures easy access to procedures and instructions related to 

work. 

1 2 3 4 5 N/A 

SCL6 Leadership creates an organisational system that fully supports the 

desired safety culture, processes and policies. 

1 2 3 4 5 N/A 

END OF QUESTIONNAIRE 

Thank you very much for your time and effort 

If you have any further comments on this survey, please feel free to share with us: 

COMMENTS: 




