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EDITORIAL 
______________________________________________________________________ 

It is with great pleasure that I write this editorial, my first since taking over the editorship 

from Professor Candice Christie towards the beginning of 2018. On behalf of the society 

and the readership of Ergonomics SA, I would like to thank Candice for her years of 

service to the journal and for her mentorship and guidance leading up to the change in 

editorship. I now fully appreciate the privileges (and pitfalls) of journal editorship, but 

her support, along with the continued support of the administrator at the Department of 

Human Kinetics and Ergonomics at Rhodes University,  June McDougall, has made the 

transition manageable and exciting.  

This issue of Ergonomics SA captures three (of over 50) research and practitioner papers 

delivered at the 13th Ergonomics Society conference, which, for the first time, was held 

together with the 3rd African Symposium in Human Factors and Aviation Safety 

(ASHFAS) and the 1st ErgoAfrica conference at the Birchwood Hotel in Johannesburg in 

September 2017. The conference was convened under the theme ‘From reactive to 

proactive in safety and human factors’ and witnessed roughly 150 delegates from a range 

of local, regional and international organizations and institutions, come together to 

discuss how Human Factors and Ergonomics can assist in proactively designing systems 

to realize the dual outcomes of increasing performance and productivity, while ensuring 

human safety and wellbeing. For me, what was most encouraging to see, was the diversity 

of contexts in which HFE is being applied in South Africa and Africa. These included, 

but were not limited to air traffic control, civil aviation (Simataa and Pearse, this issue), 

railway systems (Hutchings and Thatcher, this issue), healthcare, defense, mining, 

construction, the informal economy, office workspaces and automotive manufacturing. 

Thatcher and Yeow (this issue) took the approach adopted by HFE further by arguing 

how the application of a ‘system of systems’ model for ergonomics interventions provides 

an opportunity to create sustainability and resilience in any system (from a small work 

system to large, ecological systems). It is indeed both exciting and daunting to think that 

HFE has applications (along with many other disciplines) to complex, wicked problems 

like climate change. Andrew Thatcher’s contribution at the conference received the best 

researcher award, while Jessica Hutchings’ presentation was voted overall best paper of 

the conference.  

This diversity of HFE research and practice is critical to growing the discipline in South 

Africa, while also contributing to the enhancement of the public, government and 

business’s understanding and acceptance of HFE. In light of the Ergonomics regulations 

that have just been released by the Department of Employment and Labour, a sound 

understanding of what HFE is and what it can offer alongside other cognate disciplines 

would be important to ensure that there is capacity to meet the interest in HFE, while 

ensuring that all cognate disciplines can ‘get along’. It is indeed an exciting time for the 

discipline.  

Jonathan Davy (Editor-in-Chief) 

http://dx.doi.org/10.4314/esa.v30i1.1 

http://dx.doi.org/10.4314/esa.v30i1.1
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Abstract 

The ecological crises faced by humanity require all disciplines to think differently 

about how we interact with the ecosphere to prevent untold misery and possible human 

extinction. The fact that these crises are primarily caused by human mismanagement of 

our environment means that ergonomics (literally meaning the study of human work) 

should play a key role in understanding and ameliorating these negative effects. This 

article introduces Thatcher and Yeow’s (2016) sustainable system-of-systems model for 

ergonomics to the South African ergonomics community. The sustainable system-of-

systems model blends ecological models of systems with social models of ergonomics 

systems to create a new model that encapsulates this eco-socio-technical systems 

thinking. This article focuses on aspects of complex adaptive systems and resilience 

thinking to show where ergonomics might contribute to the creation of resilient and 

sustainable systems. The article concludes with a set of challenges that need to be 

considered when creating sustainable work systems that demonstrate resilience over time. 

Keywords: system-of-systems; sustainability; human factors for sustainable 

development; resilience; adaptive systems. 

1 Introduction 

Human actions (and inactions) have already had serious deleterious impacts on several 

climate, biological, biochemical, and geochemical systems at both the local and the global 

level. The net impact on human health and wellbeing (to individuals, groups, and 

communities) has also been negative for the majority of people on the planet including 

starvation and conflict in the most extreme cases and increases in asthma and 

psychological distress in less severe cases (Landrigan et al., 2018). The IPCC (2014) 

predicts that these negative impacts on human health and wellbeing are only likely to 

increase, well beyond 2100. The indisputable fact that these systemic changes are 

anthropogenic (Cook et al., 2013; Maibach, Myers & Leiserowitz, 2014) has led a number 

of authors in several disciplines to model how humans impact their ecological 

environment and to explore ways in which these interactions might be made more 

mailto:Andrew.Thatcher@wits.ac.za
mailto:Paul.Yeow@monash.edu
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sustainable. This is not an easy task as these complex webs of interacting systems are 

treated as wicked problems (Incropera, 2016) or even as super-wicked problems (Levin, 

Cashore, Bernstein & Auld, 2012). Wicked and super-wicked problems such as 

anthropogenic climate change, plastic accumulation in our oceans, or the asymmetries in 

global working conditions are problems that span a large geographical area involving 

many parties/systems that may contribute to the problems with the same parties/systems 

having to solve, change, or adapt accordingly. The problems are exacerbated because 

there are no central authorities coordinating the efforts to solve these problems and no 

shared goals concerning what needs to be achieved. Additionally, these problems are very 

difficult to define because they continuously evolve when systems interact with other 

systems or when new components are introduced. Moreover, there is a requirement to 

sacrifice the present needs to ensure that future needs can be met (i.e. temporal 

discounting). The traditional linear focus on a system in ergonomics where a clear system 

boundary can be assumed cannot address these super-wicked problems because it does 

not consider the interactions between many systems. A new, broader approach focusing 

on multiple system interactions is needed to address these super-wicked problems. As 

such, we introduce the SSoS model. This model borrows from ecological science as 

ecological science theories span a large geographical region across many systems (e.g. 

nested hierarchy of systems), and complex adaptive cycles. 

Some of the most prominent models of systemic thinking on human interactions with our 

ecological environment have come from the ecologists Gunderson and Holling (2002) 

and the Nobel prize-winning sociologist, Ostrom (2007; 2009). In the ergonomics domain 

Gunderson and Holling’s (2002) ideas have been taken forward by Thatcher and Yeow 

(2016) to create the sustainable system-of-systems model for ergonomics. This article 

will expand on this model by looking specifically at the design for resilience aspects that 

emerge from the sustainable system-of-systems model. 

2 Sustainable system-of-systems model for ergonomics 

Thatcher and Yeow’s (2016) sustainable system-of-systems model draws its inspiration 

from the green ergonomics (Thatcher, 2013) philosophy which looks at understanding the 

reciprocal relationships between humans and nature. This is because the sustainable 

system-of-systems model is built around human applications of ecological theory; 

specifically borrowing the ideas of a nested hierarchy of systems from Costanza and 

Patten (1995) and the concept of complex adaptive cycles from Gunderson and Holling 

(2002). According to Maier (1998), a system-of-systems has five characteristics: (1) 

component systems should demonstrate operational independence (i.e. the component 

systems usefully exist on their own without the necessity of a system-of-systems); (2) 

each component system actually does operate independently in practice; (3) the system-

of-systems evolves new purposes, functions, and components that can be added, removed, 

or modified; (4) the system-of-systems displays emergent features and side-effects that 

are not inherent or predictable; and (5) component systems should be geographically 

dispersed. The SSoS model described here is adapted from Maier’s (1998) definition of 

a system-of-systems for the purpose of tackling super-wicked sustainability problems. 

Following Maier’s (1998) points (1) and (2) of a system-of-systems, the component 

systems of interest in the SSoS model should be theoretically, operationally, and 

functionally independent. These two aspects related to independence are probably the 
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most difficult to understand of Maier’s (1998) five characteristics. It could be argued that 

no system can truly be regarded as fully operationally independent. For example, the 

Internet – cited by Maier (1998) as a good example of a system-of-systems – cannot 

operate independently without an electricity supply system or, indeed, without human 

systems to manipulate and consume the content. It is probably best to interpret 

“independence” in terms of the system-of-systems itself. In other words, independence 

should be viewed in terms of a component system which can (and does) exist without the 

need for its placement in a system-of-systems. In this definition, a human body is not 

considered to be a system-of-systems because the brain and the kidneys cannot operate 

independently without the rest of the body, even though some in the ergonomics 

discipline have implied that the human body is a system-of-systems (e.g. Marras & 

Hancock, 2014). The technical infrastructure of the Internet can still exist without the 

need for human social interactions, but is considered a system-of-systems when the 

technical and human systems interact. Within a system-of-systems the component 

systems interact and therefore will display various dependent, co-dependent, and 

interdependent relationships. 

Following Maier’s (1998) points (3) and (4) the SSoS takes on new purposes and goals, 

as represented by the acknowledgement of multiple simultaneous Triple Bottom Line 

goals. The systems in the SSoS co-evolve in a complex adaptive cycle where new 

purposes, functions, and components may continually be added or removed. This leads to 

emergent features and unpredictable side effects (i.e. properties of all complex systems). 

This means that the SSoS model proposes a constantly changing/evolving set of solutions 

to these wicked and super-wicked problems. Finally, Maier’s (1998) point (5) 

acknowledges that a system-of-systems is geographically dispersed and the nested-

hierarchy of systems (from simple to complex) represents the increasing geographical 

dispersion. The SSoS model proposes mechanisms through which the interactions 

between systems within a system-of-systems might be understood. In particular, because 

the systems that need to be considered to resolve wicked and super-wicked problems are 

so large and complex, the interactions between systems in the nested hierarchy of systems 

(or the panarchy as they are also called) need to be carefully understood. The SSoS model 

for ergonomics developed by Thatcher and Yeow (2016) contains four components: (a) a 

nested hierarchy of systems; (b) a time dimension for a system to be sustainable; (c) an 

acknowledgement of multiple common goals, and (d) complex adaptive cycles. 

2.1 Nested hierarchy 

Costanza and Patten (1997) noted that natural, ecological systems are characterized as 

being ordered hierarchically, with smaller, (in terms of geographical space), less complex 

systems being nested within larger, more complex systems. For example, a pond system 

(with its relatively simple ecosystem of interactions between the pond water and the 

various different animal and plant organisms), will be located in a larger system such as 

a field (with its more complex relationships with other ponds, as well as grass, trees, other 

plants, and animals that inhabit the field), and that field might be located in an even larger 

system such as a savannah biome (with even more complex relationships with different 

geographical features such as hills, rivers, fields, and different weather patterns that create 

different patterns of complexity), and so on to larger and higher levels of complexity.  
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Applying the same principles to systems in ergonomics, work systems might also be 

viewed as a hierarchy of complexity and spatial influence. According to Thatcher and 

Yeow (2016), a system-of-systems within the ergonomics discipline must, by definition, 

include at least one human interacting with their environment which might also include 

other humans. Graphically (see Figure 1) the model represents ergonomics systems in a 

hierarchy from simple micro-ergonomics systems (e.g. task-tool interactions), 

encompassed by ever increasing layers of complexity/spatial influence by meso-

ergonomics (Karsch, 2006), and macroergonomics (e.g. increasing complexity from 

interventions that look at single jobs, to interventions that look at teams, organisations, 

and even communities). It should be noted that the nested hierarchy illustrated in Figure 

1 is an example to demonstrate how ergonomics interventions are already organized in a 

nested hierarchy. This is not intended to mean that all system-of-systems models in 

ergonomics must each have these levels or that all systems-of-systems are hierarchically 

organized. Rather, in this context the hierarchy is used as a tool to demonstrate how 

traditional systems of interest to ergonomics might be logically scaled-up to the 

ecological level. Ultimately, the actual levels are determined by the ergonomics system 

(i.e. the target system) that is the primary focus of an ergonomics investigation.  

Thatcher and Yeow (2016) used Wilson’s (2014) terms to describe the relationships in 

the ergonomics system-of-systems hierarchy. Thus, an ergonomics investigator defines 

the “target” system as the initial, specific system of concern. The target system interacts 

with “sibling” systems (i.e. systems with equivalent complexity and spatial influence to 

the target system), “parent” systems (i.e. systems that are of greater complexity or spatial 

reach than the target system), and “child” systems (i.e. systems that are less complex and 

have a tighter spatial reach than the target system). Thus, a specific ergonomics system 

might be a target system in one context or a sibling, parent, or child system in another 

context. Parallels of this system-of-systems hierarchy might be drawn with Rasmussen’s 

(1997) hierarchy of different system levels that might be implicated in the generation of 

risk. As with the definition of complex systems advocated in this article, Rasmussen 

(1997) argued that the hierarchy of complex socio-technical systems should be seen as 

webs of interactions rather than as different components that could be decomposed into 

their constituent parts. A full examination of the overlaps between Rasmussen’s (1997) 

model and the system-of-system’s model is beyond the scope of this article. At this point 

it is important to note that Rasmussen’s (1997) model focuses on identifying risk within 

a complex web of systems whereas Thatcher and Yeow’s (2016) model focuses in 

identifying opportunities for sustainability within a complex web of systems. Obviously, 

risks may also lead to lack of sustainability in a web of systems. 

2.2 Sustainability across time 

Maier (1998) describes complex systems and a system-of-systems as evolving with 

emergent properties but makes no predictions about how the system-of-systems might 

evolve. To get a better idea of how natural systems evolve we turn to the work of Costanza 

and Patten (1997). Costanza and Patten (1997) noted that no system lasts indefinitely but 

that the “natural lifespan” of a system was consistent with its placement within the nested 

hierarchy of systems with smaller, less complex systems having a shorter natural lifespan 

than relatively larger, more complex systems. Thus a pond will have a shorter natural 

lifespan than the field which encompasses the pond, which will have a shorter natural 

lifespan than the savannah biome. If a system fails to reach its natural lifespan then this 
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will result an evolved system taking its place and potentially instability across the system-

of-systems. Similarly, if a system lasts too long past its natural lifespan this will result in 

brittleness (potentially an inability for the system to cope with new demands) across the 

system-of-systems. An example of a system that has become brittle is the human social 

system. As humans live longer and longer (arguably beyond their natural lifespan) this 

places additional burdens on other systems in this system-of-systems, including the 

internal revenue collection system, healthcare systems, family systems, and even work 

systems (e.g. workplace design to cope with the elderly). The concept of a natural lifespan 

within a nested hierarchy can also be applied to Thatcher and Yeow’s (2016) sustainable 

system-of-systems model for ergonomics. For example, when a single human-job 

interaction system terminates prematurely (e.g. through worker burnout, a safety event, 

or a person leaving the organisation) this causes instability in the hierarchy. The team to 

which this person belongs may become disrupted (i.e. the parent system) and the tasks 

that the person normally completes will go unperformed (i.e. the child system) or there 

will need to be a reorganization of tasks in the team (i.e. the parent system). Likewise, 

brittleness in the work system might occur when a person works far beyond their 

retirement age. This means that younger people are prevented from occupying that role 

and the organisation doesn’t benefit from new ideas. 

The first three components of the sustainable system-of-systems model for ergonomics 

are represented graphically in Figure 1. 

 

Figure 1. Sustainable system-of-systems for ergonomics. 

2.3 Multiple common simultaneous goals 

Many of the definitions of sustainability and sustainable development call for the 

attainment of multiple, simultaneous goals (Altwegg et al., 2004; World Commission on 

Economic Development, 1987). Thatcher and Yeow (2016) used Elkington’s (1998) 

triple bottom line (i.e. social, economic, and natural capital) as an example of multiple 

goals, although there are also other models of multiple goals including from Nurse (2006) 
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who added cultural capital or Scerri and James (2010) who added political, and cultural 

capital. Due to the interconnected nature of the hierarchical system-of-systems these goals 

need to be considered consistently across the different levels of the hierarchy. It is also 

important to note that the different goals are interlinked. Mauerhofer (2008) argued that 

there needs to be a degree of balance or prioritization between the different goals or the 

system-of-systems will collapse leading to non-sustainability. For example, when 

considering sustainable agriculture one needs to consider not only the financial viability 

of the farming activities (i.e. the economic capital of being able to make a living out of 

farming), but also the physical and psychological appropriateness of the methods of the 

farming activities (i.e. the social capital that includes the wellbeing of the farmers), and 

the carrying capacity of the land (i.e. the natural capital of the farming system). 

3 Adaptive cycles in the sustainable system-of-systems model 

It is important to note that the termination points at the end of the natural lifespan of each 

system level in Figure 1 are depicted as ovals, rather than as single termination points. 

This is used to demonstrate another property of ecological systems; complex adaptive 

cycles (Gunderson & Holling, 2002). The stages of complex adaptive cycles are based on 

natural lifecycles of growth and re-organisation found in ecological systems. Gunderson 

and Holling (2002) described four stages that each system generally passes through. The 

exploitation stage is usually relatively short, where the system rapidly builds a complex 

web of interactions between system components. The conservation/consolidation stage is 

(relatively) the longest, where the system accumulates and maintains the complexity of 

interrelationships between system components. The release/creative destruction stage 

signifies a breakdown of the interrelationships in the system and is also of relatively short 

duration. The re-organisation/destructuring stage is also relatively rapid and involves the 

re-collection/re-organisation of interconnections (usually because system components 

have been added, modified, or removed). In certain cases this may result in the final 

termination of the system (i.e. system “death”). 

Thatcher (2016) integrated the complex adaptive cycles into the sustainable system-of-

systems model by arguing that ergonomics systems follow a similar lifecycle pattern. A 

simple example of an adaptive cycle in ergonomics is where a human interacts with a 

tool. In the exploration stage the human must learn the different ways to use the tool. 

Once these applications are learnt the system enters the conservation stage where the use 

of the tool happens with increasing confidence and reduced effort. The release stage 

occurs when aspects of the external environment challenge the viability of those specific 

task-tool interactions. This could occur when a new tool becomes available or the tasks 

no longer need to be performed. In the re-collection stage the old tool is abandoned in 

favour of a new tool (or new work behaviours). In essence, the task-tool system does not 

“die” but evolves/adapts into a new task-tool system that is suitable to the emergent 

environmental conditions. Of course it is also possible that those task-tool behaviours are 

no longer required at all (e.g. where an organisation chooses automation over manual 

tasks), in which case the existing system terminates and a new system emerges. This 

adaptive cycle is shown in Figure 2. 
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Figure 2. Adaptive cycle showing evolving human task-tool use. 

Considering an adaptive cycle at a more complex level where ergonomics could play a 

role might be in the design of an urban environment. In this example of an adaptive cycle 

one has many humans interacting with multiple sibling systems (e.g. transportation 

systems, healthcare systems, education systems, accommodation systems, etc.). People 

learn the different ways in which they can interact with these systems until such time as 

they reach a conservation stage where the interactions with these various systems occurs 

with confidence and the lowest amount of perceived effort. The release stage occurs when 

challenges to the urban system become increasingly evident (for example concerns 

around climate change, air pollution, traffic congestion, etc.). If a new transportation 

system is introduced into this context, for example bicycle lanes are introduced to reduce 

air pollution and traffic congestion, the humans in the system must learn new ways of 

integrating this system into their daily routines. In this instance, a new cycle of 

exploitation then begins. 

Gunderson and Holling (2002) also applied the complex adaptive cycle model to nested 

hierarchies of systems, although they referred to this hierarchical organisation of systems 

as a “panarchy” rather than a system-of-systems as they are called here. In a panarchy 

systems are also ordered according to complexity, geographical space, and speed of 

change. For the purposes of this discussion the interesting aspect of a Gunderson and 

Holling’s (2002) panarchy is the connections between the hierarchical levels which relate 

to sustainability. When a fast and small system reaches the release stage these creative 

destruction changes provide an opportunity to influence changes in larger and slower 

systems, particularly if the larger system is nearing the end of its conservation stage. 

Gunderson and Holling (2002) referred to this connection as a revolt process, stimulating 

change in the larger, slower, more complex systems. They argued that if the timing was 

appropriate, this could also result in cascading changes to even larger systems. Further, 

when a small and fast system is in the re-organisation phase, changes to the system will 

be restricted by the characteristics of larger and slower systems (especially if those 
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systems are in the conservation stage). Gunderson and Holling (2002) referred to this 

connection as a remember process that limits smaller and faster systems from changing 

too radically. The panarchy model and the connections between levels are shown in 

Figure 3. 

 

Figure 3. Panarchy showing the connections between hierarchical levels. 

It is quite possible to also apply these concepts to ergonomics systems. For example, 

changes in the tool design systems (i.e. the child systems of the task-tool interaction 

system) produces new tools or modifications to existing tools that creates opportunities 

for the re-organisation of task-tool interactions. These revolt processes result in the task-

tool interaction system shifting into the release stage and creating re-organisation 

opportunities for the way work is performed. However, larger, more complex systems 

(i.e. parent systems) that change more slowly will have a stabilising influence on the rate 

at which work changes will take place. In particular, parent systems that are in the 

conservation stage will create remember processes that reduce the chances of radical 

changes that will destabilise the entire system of systems. Possible parent systems that 

could exert an influence on the remember processes include the teamwork environment, 

the supervisory environment, and the organisational culture. Figure 4 demonstrates how 

the adaptive cycles in the panarchy fit with sustainable system-of-systems model. In 

Figure 4, the internal connection/linkages dimension is lost in favour of representing the 

time dimension. 
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Figure 4. Adaptive cycles within the sustainable system-of-systems model. 

4 Resilience in the sustainable system-of-systems model 

The ecological definition of resilience is described as the “capacity of a system to 

experience disturbance and still maintain its ongoing functions and controls” (Gunderson 

& Holling, 2002; p.50). It is important to note in this definition that resilience is not the 

same thing as stability. Resilience refers to the persistence of the relationships between 

system elements, although not necessarily the same combinations or patterns, whereas 

stability refers to the ability of the system to return to the same equilibrium state (Holling, 

1973). Resilience is therefore a requirement for stability, but stability isn’t a requirement 

for resilience. Within this conceptualisation, resilience is a dynamic property of a system 

which expands and contracts at particular stages of the system cycle. This is similar to 

Hale and Heijer’s (2006) conceptualisation of resilience engineering, where resilience is 

seen as a dynamic property of a system and not a static state. Since ergonomics is 

essentially a discipline with design as one of its important outcomes, it is necessary to 

look at the implications for possible design solutions. Designing with resilience in mind 

changes the design paradigm from one where change must be controlled to one where the 

system is “designed” to adapt to, cope with, or shape change (Folke, 2006). Gunderson 

and Holling (2002) identified three broad categories of design solutions with resilience in 

mind: (i) the system interacts passively to external perturbations and allows natural 

adaptations to these perturbations to evolve within the system; (ii) the system is designed 

to absorb or control perturbations while still continuing to function as normal; and (iii) 

the system is designed to anticipate, manipulate, or even to create the perturbations so 

that they become predictable. 
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Returning to the adaptive cycle to understand how the resilience of a system changes over 

time, Gunderson and Holling (2002) noted that there are continual changes within a 

system on the basis of the two dimensions of (a) the potential to develop and grow and 

(b) the rigidity of interconnections between system elements. As such, Gunderson and 

Holling (2002) noted that resilience was comparatively higher during the re-organisation 

and exploitation stages and comparatively lower during the conservation and release 

stages. Similarly, the revolt and remember processes also act to enable resilience. Smaller, 

shorter-lasting, less complex systems change more rapidly than larger, longer-lasting, 

more complex systems. The smaller systems create “revolt” opportunities that stimulate 

the larger systems to adapt (i.e. resilience through adapting to external perturbations). In 

turn, the larger systems provide “remember” opportunities that provide stability for the 

smaller systems. The easiest systems for the ergonomist to identify are child systems that 

are creating “revolt” opportunities. Child systems that are displaying characteristics such 

as a loss of internal linkages or structure and a reduced ability to adapt to changes from 

the external environment are readily identifiable as “revolt” systems. Parent systems that 

are resisting change are typically producing “remember” opportunities. They are more 

difficult to identify because it is a natural property of efficiency to maintain the status 

quo. Because the dynamics of complex adaptive cycles are slower for parent systems, 

most parent systems will naturally be at the conservation stage. Occasionally, parent 

systems might also be displaying characteristics of the release stage. In these rare 

instances it may be possible to create cascading changes through multiple hierarchical 

levels of the system-of-systems. 

In addition to the quality of persistence in Holling’s (1973) definition of resilience, there 

are four other important characteristics of resilience (Fiksel, 2003) that are important for 

design; functional diversity, adaptive capacity, sense of identity, and efficiency. Table 1 

gives examples of these characteristics at the different system levels. 

Functional diversity (Holling, 1996) refers to two elements, the sheer number of different 

components in a system and the variability in possible structures with those components. 

For resilience it is not necessary that all the components are interlinked all of the time. In 

fact, some components might only be loosely-linked at a certain point in time. Instead, 

resilience is achieved through the potential that is locked into the diversity of components 

(and by implication the potential relationships) that allow the system to reconfigure and 

make new connections when required due to changes from the external environment. 

Adaptive capacity (Folke, 2006) refers to the ability of the system to access this potential. 

According to Gunderson and Holling (2002) adaptive capacity is best achieved when 

connectedness between system components is low (i.e. low rigidity). Facilitating adaptive 

capacity requires that systems often operate near the edge of stability/instability (Holling, 

1996) – an understanding that is remarkably similar to Rasmussen’s (1997) “boundary of 

functionally acceptable performance” (p. 189). Achieving adaptive capacity requires two 

additional properties – a strong sense of identity and system efficiency. A strong sense of 

identity should not be confused with the number or rigidity of bonds between system 

elements. In fact, rigidity of relationship bonds between system elements might be seen 

as the opposite of resilience as it prevents new bonds from forming (Gunderson & 

Holling, 2002). Instead, a strong sense of identity refers to the clarity of function and 

purpose. Without this clarity, the system may rapidly develop new functions and purposes 

and persistence is lost. Efficiency refers to the ways in which a system uses and channels 
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resources. Natural systems maximize efficiency (sometimes also called eco-efficiency) 

by minimizing waste through the balanced use of resources that enhance system 

performance while still enabling resource renewal (Garcia-Acosta et al., 2014). 

 

Table 1.  System characteristics of resilience across different system levels. 

 
 HFE product 

systems  

Macroergonomic 

systems 

Socio-

economic 

systems 

Ecosystems 

Persistence Usefulness 

across the 

product’s 

lifecycle (may 

be minutes to 

decades) 

Longevity of an 

organisation in a 

turbulent external 

environment (may 

be years, decades, 

or centuries) 

Longevity of 

cultural epochs 

(may be 

decades to 

millennia) 

Longevity in 

uncertain 

environments 

(may be 

millennia and 

longer) 

Functional 

diversity 

Multiple 

product 

configurations, 

extensions, and 

options 

Diverse business 

strategies; diverse 

workforce 

Ethnic, 

cultural, 

institutional, 

and political 

diversity 

Natural 

variability of 

structuring 

variables (e.g. 

biodiversity) 

Adaptive 

capacity  

End-user 

customization; 

recovery from 

failure 

Organisational 

learning; 

flexibility of 

leadership 

Transparency 

and flexibility 

of influential 

institutions 

Tolerance and 

assimilation 

of 

disturbances  

Sense of 

identity 

Distinguishing 

product 

identity and 

features  

Distinct corporate 

culture; clear 

corporate 

strategy, 

functions, and 

goals  

Strong national 

or regional 

identities; clear 

national or 

regional 

strategy 

Clear habitat 

boundaries; 

extensive 

networks of 

collaboration  

System 

efficiency  

Value at 

relatively low 

total user cost 

(e.g. ease of 

use, 

usefulness, 

etc.) 

Efficient decision 

processes 

Cost-efficient 

resolution of 

human needs 

Efficient 

ecological 

cycling of 

nutrients and 

energy 

 

It is also worthwhile reflecting on appropriate ergonomics interventions to incorporate 

the ideas encompassed by the property of resilience. These are summarized in Table 2. 

 

 

 

 

Table 2.  Considerations for ergonomics interventions that leverage resilience. 
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 HFE product 

systems  

Macroergonomic 

systems 

Socio-

economic 

systems 

Ecosystems 

Persistence Design for 

usefulness and 

ease-of-use 

Design long-term 

organizational 

strategies and 

plans; Green 

building strategies 

Design and 

facilitate long-

term social 

planning; urban 

infrastructure 

Design with 

future 

generations in 

mind 

Functional 

diversity 

Design with 

multiple users 

in mind; 

Design for all 

concepts; 

Inclusive 

Design 

Enable diversity 

within workforce, 

teams, and 

management, 

business strategies 

Participatory 

approaches for 

Inclusive 

Design 

Design to 

encourage 

biodiversity 

not only 

human 

diversity 

Adaptive 

capacity  

Design with 

end-user 

customization 

in mind; 

Design to 

enable 

recovery from 

failure 

Design Learning 

Organisations; 

Support flexible 

leadership styles 

Design to 

enable 

transparent 

institutions; 

Develop links 

between 

political elites 

and Civil 

Society 

Design for 

human 

tolerance and 

assimilation 

of 

disturbances 

rather than 

rigid 

technical 

systems 

Sense of 

identity 

Design with 

clear aesthetic 

identity; 

Design to 

make 

functionality 

clear 

Facilitate clear 

corporate goals 

and corporate 

identity  

Encourage 

strong 

community, 

national, or 

regional 

identities 

Design for 

clear habitat 

boundaries, 

but with ; 

extensive 

networks of 

integration  

System 

efficiency  

Design for low 

total user cost 

(e.g. ease of 

use, 

usefulness, 

etc.) 

Design socio-

technical systems 

for efficient 

decision-making; 

Lean 

manufacturing 

systems 

Design socio-

technical 

systems for 

efficient 

decision-

making; 

Design socio-

technical 

systems for 

eco-efficient 

decision-

making; 

Design for 

biomimicry 

5 Conclusion 

It is important to note that while there is extensive evidence to support the underlying 

models on which SSoS is built (Gunderson & Holling, 2002), the SSoS model for 

ergonomics itself has not been empirically tested. Given the difficulty in assessing 

adaptive complex systems, empirically testing the model is a non-trivial task. Thatcher 

and Yeow (2018a) proposed a number of methods (including Soft Systems Methodology, 

and Network Theory) that could be used to collect the data necessary to test the SSoS 

model. However, they also acknowledged that it may be necessary to develop new 
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methods of analysis. Thatcher and Yeow (2018b) also recommend that accident analysis 

methods such as Accimap, Cognitive Work Analysis, the Functional Resonance Analysis 

Method, the Systems Theoretic Accident Model and Process, and the Event Analysis of 

Systemic Teamwork might be adapted as tools to analyse complex adaptive systems for 

sustainability. Two important aspects are important to emphasised; the data gathering 

process should be participatory and the analyses needs to be gathered over a significant 

period of time.  

A sustainable system-of-systems understanding for ergonomics has the potential to assist 

ergonomics interventions in a wide variety of ways but there are also several key 

challenges. First, knowing where a target system (i.e. the system of primary interest in 

the ergonomics intervention) is placed in relation to (first-order and second-order) parent 

systems and (first-order and second-order) child systems would assist in determining the 

expected rate of natural change (Thatcher, 2016). While the exact time scale of the rate 

of change may be difficult to predict (partly because the rate of change is also a 

characteristic of the external environment as represented by the parent, child, and sibling 

systems), the relative rate of change (as represented by the target systems relative position 

in the hierarchy of systems) is more important to understand. Child systems will change 

more rapidly than the target system and parent systems will change more slowly. 

Therefore changes in child systems may act as catalysts for change in the target system 

whereas parent systems may actively resist changes to the target system (Thatcher, 2016). 

It may therefore be necessary for the ergonomics intervenor to do one or both of the 

following: (a) gain a deeper understanding of the parent system/s to understand the 

preparedness of these parent systems for change that is initiated in the target system 

and/or (b) leverage off the relatively rapid rate of change in child systems to enforce a 

change in the target system (i.e. move the target system towards the release stage). 

However, knowing which systems are relevant to include as child, sibling, and parent 

systems is a difficult task. Thatcher and Yeow (2018a) critically review a set of network 

analysis tools for the ergonomist to consider in order to help the ergonomist to determine 

the relevant systems to consider. 

Second, a sustainable system-of-systems understanding may help uncover why an 

intervention failed to gain traction. For example, the intervention may either not have 

been supported by the overarching parent systems or the intervenor’s expectations of the 

rate of change may not be calibrated with the natural lifespan of the target system. 

However, this will require the adaptation of the existing systems analysis toolkit of 

ergonomists. Third, it is also possible to show that carefully timed and designed 

ergonomic interventions could have cascading impacts throughout the hierarchy of 

systems (Thatcher, 2016). If we understand the existing adaptive stage of the target 

system and the important parent systems, it may be possible to time interventions to also 

have an impact at much broader systemic levels. Of course, this also means adapting 

available analysis tools to correctly recognise the relevant adaptive stage of each system. 

Fourth, an understanding of adaptive systems shows that interventions are not once-off 

occurrences. Interventions are naturally iterative and the rate of change is dependent on 

the relative placement of the target system within the hierarchy of systems (Thatcher, 

2016). Interventions with relatively less complex systems will require more frequent 

iterations than relatively more complex systems, no matter how carefully they are planned 

and timed. This poses a significant challenge to consulting ergonomists trying to motivate 
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for their role in a change process. Clients of ergonomics services are usually expected to 

produce a final solution, not provide an ongoing iterative relationship. 

Fifth, it is not sensible to refer to a “resilient system”. Target systems will have varying 

degrees of resilience depending on their stage within the adaptive cycle. Systems that are 

nearing the end of their conservation stage with highly rigid interconnections between 

system elements are actually the least resilient systems, although they might be the most 

resistant to change. In this instance, changes to the child systems of these target systems 

may actually be more effective than trying to change the target system itself. Target 

systems are invigorated/re-vitalised by the revolt processes from the child systems 

(Thatcher, 2016). This allows for innovation and adaptation to changing circumstances 

for the system-of-systems. Intervening with child systems therefore provides functional 

diversity and adaptive capacity. However, this may require some degree of intuition (or 

a large amount of trial-and-error) to determine which child systems will have the most 

effective impact. Sixth, parent systems will offer stability to any changes with the target 

system. This allows for continuity and sustainability of the entire system-of-systems. 

However, parent systems that are too unstable prevent the stabilization of the system-of-

systems resulting in susceptibility to external perturbations not under the control of the 

intervenor (Thatcher, 2016). 
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Abstract 

This study presents a deductive case study of the initiatives undertaken by the 

Directorate of Civil Aviation (DCA) of Namibia over the period 2008 to 2014 in securing 

talent for aviation safety. The aim of the research is to analyse this talent management 

programme from the perspective of the literature on talent management, with a focus on 

strategic positions in organisations. The results of the study describe and analyse the talent 

management activities that were adopted. Some of the findings of the study were in line 

with this strategic positions approach to talent management, while this theoretical 

perspective also identified a number of shortcomings of the programme. However, certain 

challenges that were encountered in carrying out the talent management programme could 

not be addressed from this perspective, thereby exposing the limits of this approach to 

talent management in an emerging economy like Namibia. Recommendations are made 

for practice and further research, including organisations like the DCA taking 

responsibility for developing talent beyond organisational boundaries. 

Keywords: talent management, aviation safety, strategic positions, sustainability, 

Namibia   

1 Introduction 

The civil aviation industry plays a significant economic role in any country (Appelbaum 

& Fewster, 2002; Chang & Wang, 2010), but particularly in a country like Namibia, 

where reliance by the public upon aircraft for public transportation is paramount, given 

the long distances involved. Furthermore, Namibia’s dependence on sourcing most of its 

supply of food and other essential commodities from outside the country, makes air 

transport the most efficient mode of transport available for a country the size of Namibia 

(ILO, 2013; Motevalli & Stough, 2004), further highlighting the importance of the civil 

aviation industry to the country. For many purposes, civil aviation has become the most 

important, if not the only, mode of public transportation (Button, Clarke, Palubinskas, 

Stough & Thibault, 2004). For example, without air transport mass domestic and 

international tourism would not exist, nor could global supply chains function.  

mailto:machingags@gmail.com
mailto:N.Pearse@ru.ac.za
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This paper presents a case study of the initiatives undertaken by the Directorate of Civil 

Aviation (DCA) of Namibia over the period 2008 to 2014 in securing talent for aviation 

safety. The International Civil Aviation Organisation (ICAO) regularly assesses the 

extent to which member states comply with their safety oversight responsibilities. 

According to a 1996 report by the ICAO, under the auspices of its Universal Safety 

Oversight and Security Audit Programme (USOSAP), Namibia’s safety oversight was 

found to be weak, and thereby indicative of the State’s inability to guarantee the safety of 

aircraft operations within the national airspace (ICAO, 1996). Subsequent audits showed 

little improvement. One of the most significant findings of these audits highlighted the 

critical shortage of qualified professionals at the DCA to effectively perform the State’s 

regulatory and oversight function as contained in the Chicago Convention of 1944. The 

shortage of qualified professionals resulted in Namibia being unable to respond to its 

obligations and responsibilities under the Chicago Convention and Namibia’s subsequent 

blacklisting by the ICAO Audit Result Review Board (ARRB). Consequently, a 

corrective action plan was undertaken.  This study examines one aspect of this plan, 

namely the initiatives that were undertaken to secure the talent required for aviation safety 

posts.  

Safety is critical in the civil aviation industry (Abeyratne, 1998). Considering the fact that 

the civil aviation industry has its own inherent dangers, particularly the flight of aircraft, 

coupled with the complexity of the technology, the creation of a culture of safety in the 

industry is of paramount importance (Cooper, 2000). Therefore, the issue of safety 

becomes particularly important in view of the involvement of human beings in all aspects 

of civil aviation. In this regard, the main management problem of the study was the critical 

shortage of qualified professionals at the DCA to effectively perform the State’s 

regulatory and oversight function as contained in the Chicago Convention of 1944 (ICAO, 

1996).  

The primary objective of the research was, from the perspective of talent management 

literature, to analyse the corrective action plan of the Directorate of Civil Aviation (DCA), 

as a process of securing talent for strategic positions in aviation safety in Namibia.  

2 Talent management 

Several scholars have observed that there is no commonly acceptable definition of talent 

management (e.g. Collings & Mellahi 2009; Gallardo-Gallardo et al. 2015; Lewis & 

Heckman 2006; Tarique & Schuler, 2010; Vaiman & Collings, 2013). Part of the reason 

for the plethora of definitions is that there are four main approaches to, or streams of, 

talent management (Collings & Mellahi, 2009; Jackson & Schuler, 1990; Lewis & 

Heckman, 2006). These are summarised in Table 1, which describes the four streams, 

highlighting the focus of each approach and critiquing the value of each perspective for 

this study. 

The fourth emerging stream of talent management emphasises the identification of 

strategic positions in an organisation, which have the potential to make a difference and 

create a competitive advantage for it (Boudreau & Ramstad, 2005; Collings & Mellahi 

2009). This approach was most appropriate for the analysis of the talent management 

initiatives to secure talent for aviation posts, given its focus on posts rather than people. 

Consistent with this view of, and interest in, talent management, the definition by Collings 
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and Mellahi (2009:304) was adapted for the purposes of this study, who define talent 

management as: “…activities and processes that involve the systematic identification of 

key positions which differentially contribute to the organisation’s sustainable competitive 

advantage, the development of a talent pool of high potential and high performing 

incumbents to fill those roles, and the development of a differentiated human resource 

architecture to facilitate filling these positions with competent incumbents and to ensure 

their continued commitment to the organisation”.  

The following five activities of talent management were therefore dealt with in the study: 

Firstly, the identification of positions, which differentially and strategically contribute to 

the organisation’s performance (Becker, Huselid & Beatty, 2009; Huselid, Beatty and 

Becker, 2005). According to Becker et al., (2009) such positions are identified by (1) their 

strategic impact to create value for the company, (2) performance variability, whereby 

poor performance is immediately detected and its impact immediately detected, while on 

the other hand, (3) top talent performing in the role significantly improve company 

performance, but (4) such talent is in scarce supply.   

Secondly, the adoption of differentiated and efficient staffing processes (i.e. attraction, 

recruitment and selection) to acquire top talent (Fernández-Aráoz, Groysberg & Nohria, 

2011). Thirdly, succession management planning is required to mitigate the risk of a talent 

shortage in critical posts and to prevent loss of the organisational knowledge and culture 

(Sharma, Agarwal and Ganjiwale, 2011). Fourthly, retention of talent is critical, through 

a range of techniques such as organisational branding, developing a compelling employee 

value proposition, offering a competitive remuneration package, motivating top talent, 

providing them with autonomy, and creating individual development plans that link 

personal objectives to the organisation plans (Bluen: 2013; Groysberg, Nanda & Nohria 

2004; Guthridge, Komm and Lawson, 2008). Finally, providing training and development 

to those occupying key posts ensures that they can continue to be high performers and 

thereby keep contributing to organisation success (Becker et al., 2009; Collings & 

Mellahi, 2009). In aviation safety, training is also aimed at minimising human error 

(Abeyratne, 1998). 
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Table 1.   Comparison of the Four Streams of Talent Management 

 Stream one Stream two Stream three Stream four 
Description A collection of 

typical, traditional 

Human Resource 

Management 

(HRM) functions 

and practices re-

branded as Talent 

Management with 

an emphasis on 

the future and in 

attaining the 
corporate strategic 

goals. 

 

The development 

of talent pools, 

focusing on future 

staffing needs and 

managing the 

progression of 

these talented 

employees by 

creating talent 

pipelines. 

 

Management of 

talented people 

that are regard as 

valuable goods, 

and highly sought 

after, 

differentiating 

between "A"; "B" 

and "C" 

performers. That 

is:                       

Category A are 

best performers, B 

second best, and 

C mediocre 

 

Focuses on the 

identification of 

key positions in 

the organisation, 

which have the 

potential to make 

a difference and 

create a 

competitive 

advantage for it, 

and the selection, 

training and 

development of 

staff for these 

posts. 

 

Focus Strategic, future-

oriented HRM 

functions. 

Internal labour 

market: 

Succession 

planning through 

talent pools. 

Securing talented 

employees 

Securing strategic 

posts 

Main Critique Merely Human 

Resource 

Management 

rebranded. No 

focus on talent per 

se 

Focuses on talent 

pools and talented 

employees, rather 

than strategic 

positions 

Focuses on only 

some employees 

who are identified 

as talent, rather 

than on strategic 

positions 

Identifying 

strategic positions 

is the point of 

departure for 

talent 

management 

activities 

Sources Conger & Fulmer, 

2003  

Garger, 1999 

Lewis  & 

Heckman, 2006 

Schweyer 2004 

 

Barlow 2006 

Boundreau & 

Ramstad 2005 

Bryan et al., 2006 

Byham et al., 

2002 

Groves, 2007 

Jackson & 

Schuler, 1990 

Kesler, 2002 

Lewis & 

Heckman, 2006 

Michaels et al., 

2001 

Smart, 1999 

 

Becker & 

Huselid, 2010 

Boudreau & 

Ramstead, 2005 

Collings & 

Mellah, 2009  

Huselid, Beatty& 

Becker, 2005 

 

3 Research method  

Adopting the perspective of talent management theory, the aim of this research is to 

analyse the corrective action plan (CAP) of the DCA as a process of securing talent for 

key positions in aviation safety in Namibia. This initiative was therefore analysed from 

the perspective of the fourth stream of talent management, with its emphasis on securing 

talent for strategic positions through the activities of talent management (Collings and 

Mellahi, 2009; Huselid & Becker, 2011). Consequently, the aim can be divided into five 
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objectives, describing and analysing how each of the five activities of talent management 

were adopted in managing key positions within aviation safety at the DCA.  

The research design of this study involved conducting a case study that followed a 

deductive approach (Bitekhtine, 2005; Bryman & Bell, 2007). This was a longitudinal 

case study of a series of events (Denscombe, 2007), using different types of information 

to produce a time-ordered analysis of events that occurred from 2008 to 2014 at the DCA 

in Namibia. Data collection in case studies typically triangulates multiple methods and 

sources to get a better understanding of the phenomenon that is being investigated 

(Bryman & Bell, 2007; Denscombe, 2007). In this study data were collected from 

documentation, archival records and through semi-structured interviews. Consistent with 

the deductive approach of the study, interview questions were largely informed by the 

literature on talent management. Archival records on the database of the DCA that were 

analysed, included service records showing the number of clients, aircraft, and 

maintenance organisations. Organisational documents such as organisational charts and 

budgets, as well as records related to aircraft accidents and incidents at the DCA were 

also accessed. Documents related to the various audits done by the International Civil 

Aviation Organization were also an important source of information.  

The primary researcher was the Permanent Secretary of the Ministry of Works and 

Transport from April 2008 until June 2012, under which the Directorate of Civil Aviation 

reported administratively. At the time of data collection, the primary researcher had been 

deployed to another government department. Permission to conduct the research was 

obtained from Rhodes University, as well as from the Secretary to Cabinet (who is also 

the Head of the Namibian Civil Service) and from the Permanent Secretary of the 

Ministry of Works and Transport at the time. The primary researcher personally 

interviewed six members of the management cadre. Given their level of seniority, and the 

frequent interaction with the researcher that they had enjoyed when he was Permanent 

Secretary of the Ministry of Works and Transport, this was appropriate and enabled the 

researcher to recognize what was important in the data collection and analysis and to give 

it meaning. These interviews with management focused on how the corrective action plan 

had been designed and implemented, as well as exploring the application of each of the 

five activities of talent management.  

Non-managerial employees in the DCA were also interviewed to solicit their views and 

to analyse how they had been affected by the corrective action plan. Given his level of 

seniority in the public service relative to these employees, the primary researcher did not 

personally conduct these 13 interviews, but engaged the services of fourth-year, 

University of Namibia Bachelor of Business Administration students as research 

assistants. Other key ethical considerations taken into account in conducting this study 

were obtaining the informed consent from, and ensuring voluntary participation by 

interviewees. Theory driven content analysis was used to identify common themes in the 

texts and to create a picture of the phenomenon that was embedded within the particular 

context of this study (Elo, Kääriäinen, Kanste, Pölkki, Utriainen & Kyngäs 2014; Spiggle, 

1994). 
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4 Findings and discussion 

The fourth stream of talent management emphasises the identification of strategic 

positions in an organisation, which differentially and strategically contribute to the 

organisation’s performance (Becker et al., 2009; Collings & Mellahi, 2009). Some of the 

findings of the study were in line with this approach to talent management. However, 

certain challenges were encountered in carrying out the talent management programme. 

Table 2 provides a summary of the results of the five activities of talent management in 

relation to the literature, noting if the results are in alignment with the literature 

guidelines, or not. 

Firstly, in the activity of the identification of strategic positions, the study found that the 

DCA of Namibia did not simply identify strategic positions from amongst the existing 

positions, as advocated by theory. Instead, the DCA had to create many new strategic 

positions during the talent management programme, to meet the regulatory requirements 

of the ICAO. For example, the international standards and recommended practices issued 

by the ICAO requires that the number of technical personnel required should be calculated 

using a workload formula that is based on the aviation activities of the country. The DCA 

had only one Flight Operations Inspector in 2008, but there should have been at least one 

Flight Operations Inspector for every 20 large bodied aircraft. Therefore, in order to 

perform the above-mentioned functions, the DCA required at least 10 Flight Operations 

Inspectors. The DCA also created a position of a Dangerous Goods Inspector at the Air 

Navigation Safety Oversight Division to oversee the Air Navigation Service Provider. 

Furthermore, a position of a Senior Air Traffic Control Personnel Licensing Inspector 

was created to effectively respond to the State's safety oversight obligations. In addition, 

two Senior Airworthiness Inspectors positions (Engineering) and two Senior Flight 

Operations Inspector positions were created to increase the Inspector ratio, relative to the 

complexity of aviation activities in Namibia.  

The study therefore found that the talent management literature (Becker et al., 2009; 

Collings & Mellahi, 2009) did not fully appreciate that organisations are living 

institutions that change depending on various factors within the environment in which 

they operate. This is particularly the case in an emerging economy such as Namibia, 

which has a growing aviation industry. For example, there were only 447 aircraft 

registered in Namibia in 2001 compared to 1317 in 2014, and 240 active pilot licences in 

Namibia in 2001 compared to 1936 in 2014. The organisational structure of the DCA will 

need to adapt to future growth requirements. Equally, the importance of various roles 

within the DCA may change from time to time. 
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Table 2.   Activities of Talent Management and the Literature 

Activity Characteristics of the 

Activity 

Alignment

? Comments 
Identification 

of key 

positions 

Identify positions, which 

differentially and 

strategically contribute to the 

organisation’s performance 

Partial Strategic performance is viewed as 

compliance to ICAO regulations. 

Positions are not simply identified 

but created, based on ICAO 

requirements. 

A workload formula determines the 

number of posts. 

Structure adapts to future growth 

requirements in emerging markets. 

Staffing Differentiated staffing  

 

Efficient staffing 

No 

 

No 

Non-differentiated staffing 

practices. 

 

Inefficient and lengthy staffing 

processes. 

 

Use of short-term secondments to 

address critical vacancies. 

Succession 

managemen

t planning 

Mitigates the risk of a talent 

shortage 

 

Prevent loss of organisational 

knowledge 

  
Prevent loss of organisational 

culture 

No 

 

 

N.A. 

 

 

N.A. 

No succession management 

planning. 

 

Namibian labour market was unable 

to provide a critical pool of 

technically qualified personnel as a 

starting point for succession 

planning. 

Retention Organisational branding 

 

Employee value proposition 

 

Competitive remuneration 

 

Motivation 

 

Autonomy 

 

Individual development 

No 

 

No 

 

No 

 

Yes 

 

Partial 

 

Yes 

Adequate but with prescribed 

salaries and employment conditions. 

High retention due to personal 

motivation, training opportunities, 

and some level of professional 

autonomy to enforce regulations. 

Training 

and 

developmen

t 

Employee development 

 

Training minimising human 

error 

Yes 

 

Yes 

Standardised competency based 

training is an industry requirement 

A training policy and plan utilised 

in-house, local and international 

providers, and supplemented by on-

the-job training 

 

Secondly, in terms of attraction, recruitment and selection practices at the DCA the study 

found that there were non-differentiated advertisement, interview and selection processes 

between strategic and ordinary positions as advocated by literature (Beardwell, 2007; 

Madia, 2011; Tucker, 2012; Tong & Sivanand, 2005; Stone et al., 2006). For example, 

the job category “Aviation Safety” consists of Aircraft Operations Inspectors, 

Airworthiness Inspectors, Aerodrome Inspectors as well as Personnel Licencing 
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Inspectors. When advertising, all four of the post designations were lumped together and 

given a generic description of “Aviation Safety”, ignoring the different types of skills 

required. Furthermore, the recruitment and selection process was unnecessarily long, 

taking up to six months in some cases. The implication for the prolonged recruitment and 

selection process was that many candidates lost interest, or accepted other job offers, and 

the DCA could not make appointments. The study found that the consequences of not 

following a differentiated approach, were that the DCA experienced difficulties in 

attracting and appointing good candidates. This was evident in the high vacancy rate of 

80% of positions in 2009, which had only dropped to a 59% vacancy rate by the end of 

2014. As a result of the lack of local capacity at the DCA during the implementation of 

the talent management programme, the ICAO headquarters in Montreal, Canada was 

approached to second foreign experts for a limited period of time to assist the DCA. The 

law provided that for every non-Namibian employed in any organisation in the country, 

an understudy should also be identified and the name of such an understudy should be 

sent to the Employment Equity Commissioner for consideration and approval. 

Thirdly, it has been noted that succession management planning is central to the talent 

management process and the absence thereof could render an organisation ineffective 

(Khumalo & Harris, 2008; Rowe et al., 2005; Rothwell, 2005). The study found that there 

was an absence of a succession management plan at the DCA during the period under 

review. Consequently, the DCA did not have a pool of technically qualified personnel to 

act as successors to strategic positions.  The DCA also did not have a sufficiently large 

pool of technically qualified personnel to be mentors to the successors. The study found 

that the inability to create a critical pool of technically qualified personnel at the DCA 

was rooted in the lingering effects in the Namibian labour market of the inferior quality 

of education in the former Bantu Education system that was offered in Namibia before 

independence in 1990 (ETSIP, 2007; Marope, 2005). The inability of the DCA to have 

successors was therefore as a result of a larger macro problem of a lack of talent in the 

country, which needed to be addressed through a more expansive approach to succession 

than traditionally advocated in the talent management literature. 

Fourthly, with regard to the retention of personnel to strategic positions, attractive 

conditions of service are typically identified as retention strategies for strategic positions 

(James & Mathew, 2012). The study found that the DCA was treated as a government 

institution with undifferentiated conditions of service, and therefore tended to have 

adequate but prescribed salaries and employment conditions. Interestingly, the study 

found that candidates were attracted and retained at the DCA for various reasons other 

than pay. People remained at the DCA for a considerable length of time because of their 

passion for the civil aviation profession, or they felt the job was engaging, or it gave them 

power, and carried a high status level in the community. For example, Aviation Inspectors 

had the power to issue or withdraw various types of aviation licences, including the power 

to ground an aircraft that had violated civil aviation regulations.  The perceived status and 

power of Aviation Inspectors could have both positive and negative implications. On the 

positive side, the perceived power seemed to bring job satisfaction to the Inspectors. 

However, on the negative side is the possible abuse thereof by the same Inspectors, where 

players in the industry could use the power of their financial resources to “buy” favours 

and thereby corrupt Aviation Inspectors, particularly since the levels of pay for Aviation 

Inspectors were not as favorable as those in the industry at large.   
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Finally, in terms of training and development, various authors (Abeyratne, 1998; Janic, 

2000; Motevalli & Stough, 2004; Lee, 2006) have highlighted the importance of safety in 

training and development in the aviation industry and called for standardised competency 

based training guided by ICAO SARPs in order to determine the minimum professional 

qualifications for technical personnel performing safety oversight functions. However, in 

the initial stages of the talent management programme, it was noted that the Aviation 

Safety and Security division had not developed training programmes for technical staff, 

which should have included initial, recurrent and on the job training (OJT) with 

appropriate competence checks. In response to this and other audit findings, a training 

policy for the DCA was developed, which included specific formal training for the 

technical staff. In addition, a training plan based on ICAO guidelines was developed and 

approved for the DCA, which also provided for the concluding of agreements with 

international providers. By December 2009, training programmes for the Personnel 

Licencing Section had been developed and approved. Furthermore, the issuing of private 

pilot licences was delegated to flight schools, and commercial pilot licences and air 

transport pilot licences were delegated to foreign training organisations and air operators. 

Written examinations were conducted by the South African Civil Aviation Authority 

(SACAA) on the basis of an agreement signed between the two countries. From 

December 2010 on-the-job training was introduced, with the training delivered by senior 

inspectors. Training for the senior inspector on a specific type of aircraft was also 

provided for in the training policy. Despite some shortcomings, particularly at the early 

stages of the programme, many respondents were proud of the DCA as an employer for 

having exposed them to the safety training initiatives. 

5 Conclusion 

The study concluded that the DCA had not fully embraced the practices associated with 

stream four of talent management. In particular, strategic positioning and strategic 

performance was constrained by being a government entity, and dominated by the 

requirement to comply with ICAO regulations. Furthermore, as a guiding framework, 

stream four of talent management had not enabled the DCA to sufficiently deal with some 

of the unique challenges of a growing aviation industry in an emerging economy, 

particularly in relation to the deficiencies of the Namibian labour market. It is therefore 

proposed that the strategic orientation to talent management that is assumed by stream 

four, should adopt a more sustainable approach to talent management, by taking 

responsibility for sustainable human resource management practises that have an impact 

beyond the organisational boundaries (see Googins, Mirvis & Rochlin, 2008; Ehnert, 

2006; 2009; Kramar, 2014). A key challenge for the industry is that the educational 

system of Namibia does not supply enough suitably educated school leavers. It is 

therefore recommended that the DCA should assume some responsibility for the 

sustainable supply of aviation talent, not only to meet their own needs, but also those of 

the broader Namibian aviation industry. This could be achieved by investing in 

educational upliftment programmes at school level in Namibia, and particularly through 

the promotion and support of mathematics and science in schools. This would help to 

secure the long-term availability and supply of suitable employees, which will also ensure 

a high quality workforce for the present and the future. Further research will be required 

to determine the needs of the industry more precisely, as well as how best to intervene in 

the schooling system.  Furthermore, additional case study research is needed to 
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investigate how strategic talent management has been practised more sustainably 

elsewhere. 
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Abstract 

In South Africa, railway occurrence numbers have remained unchanged over recent 

years despite stakeholder goals aiming for zero occurrences, suggesting that there is an 

important need to examine why the numbers have not decreased. This is despite accidents 

being investigated by the various stakeholders in the rail socio-technical system. A failure 

to properly identify the underlying causes for incidents may be a possible reason for the 

number of recurrences. If occurrences are being investigated, why then do the number of 

occurrences remain largely unchanged? It is proposed that perhaps there are systemic 

factors within the railway system that influence the investigation process and therefore 

its effectiveness. Rasmussen’s (1997) Risk Management Framework is used to illustrate 

the South African railway system and to determine the systemic factors for each level of 

the system impacting on the effectiveness of occurrence investigations. A qualitative, 

multi-method approach was adopted. The research highlighted that there are indeed 

systemic factors that hinder the system’s ability to facilitate a learning culture. Results 

suggest that there is a distinct lack of mutual trust, transparency, feedback, and sharing of 

information, and no just culture across the entire system. The results of this research 

indicate that in the railway system, learning from previous accidents does not always 

happen. This is largely attributed to a number of systemic factors inherent in the larger 

railway system that influence the effectiveness of the entire investigation process. It is 

concluded that failure to identify what really happened during an occurrence and therefore 

the validity of the recommendations impacts on the system’s ability to learn from such 

events.  

Keywords:  South Africa, railway occurrences, learning, systemic factors, accident 

investigations. 
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1 Introduction  

Rail has the potential to play an important role in the sustainability of transport within 

South Africa (Department of Transport, 2015). The benefits of rail include: creating 

economic growth, reducing congestion on roads, providing mobility to citizens, and 

contributing to re-industrialisation (Africa Development Bank, 2015). For rail transport 

to play a vital role in society, the primary and overall requirement is that it is a safe mode 

of transport. A safe railway instils confidence in the public, passengers, customers, and 

investors (European Union Agency for Railways, 2016). Accidents and incidents may 

result in fatalities and/or injuries and also cost businesses significantly. Therefore the 

financial, moral, and legal impacts of accidents and incidents need to be managed 

effectively. One such way of managing accidents and incidents is through effective and 

independent investigations (Van Vollenhoven, 2002). Investigations are important as one 

of the purposes is to learn in order to implement remedial actions to prevent a recurrence.  

Owing to the importance of rail’s role in the sustainability of transport in South Africa, a 

broader study (Hutchings, 2017) focussing on the effectiveness of railway occurrence 

investigations in preventing recurrences was conducted. For transport to be sustainable 

one of the criteria is that is safe and reliable. This paper emanates from this larger study 

and focusses on how effectively organisations learn from previous occurrences. Learning 

from previous events contributes to improving safety as the real reasons for why accidents 

occur can be identified and corrective actions implemented to minimise a recurrence. 

Safety, an emergent property of a system, is therefore a major priority for a complex 

socio-technical system such as rail (Wilson, 2014). The Railway Safety Regulator (RSR) 

states that in South Africa, railway occurrence numbers illustrate a slight upward trend in 

accident numbers and that the safety performance of the railway industry is in constant 

fluctuation (RSR, 2011a; 2015). A similar trend was identified in the European Union 

(EU) where over the period of 2013-2016, the number of accidents increased in the EU 

(Eurostat, 2016). The EU statistics on railway safety performance further illustrate that 

no progress has been made in reducing the number of occurrences with collision and 

derailment numbers stagnating. While it is acknowledged that the increase in these figures 

may be as a result of improved reporting, it is also suggested that the numbers are due to 

a deterioration in safety performance (European Union Agency for Railways, 2016). With 

traffic volumes remaining constant in the EU, this was found to not be of any significance 

influencing safety performance. In South Africa the constant fluctuation in safety 

performance may be attributed to the increase in tonnage traffic, with passenger volumes 

and kilometres travelled remaining fairly constant. However, the RSR remains concerned 

with the increasing number of occurrences, especially those resulting in fatalities and 

injuries (RSR, 2015). 

2 State of railway safety in South Africa 

Before proceeding it is necessary to highlight a few definitions of South African railway 

terminology used in this article. Railway occurrences are defined in the South African 

National Railway Safety Regulator (RSR) Act No. 16 of 2002 (2009) as railway accidents 

or incidents that are either due to operational or security events. The focus of this work is 

on operational occurrences which includes, amongst others; derailments, collisions, and 

level crossing events. These may result in fatalities and/or injuries. Railway safety 
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performance is defined by the number of operational occurrences, the number of security 

incidents such as theft and vandalism, and accidents, fatalities, and injuries (National 

Railway Safety Regulator Act No. 16 of 2002, 2009).  

In South Africa, there are on average 4500 railway occurrences annually resulting in 

fatalities, injuries, and damage to rolling stock and the environment. Figure 1 provides a 

synopsis of railway occurrences, fatalities and injuries in South Africa from the 

2008/2009 to 2014/2015 reporting periods as reported annually by the RSR.  

 

 

Figure 1. Railway safety performance trends in South Africa (Adapted from RSR, 

2015) 

Figure 1 demonstrates that safety performance trends show little improvement over the 

reporting periods. It is evident that since the 2013/2014 reporting period, the number of 

occurrences, fatalities and injuries have increased. However, the Regulator, in their 2015 

State of Safety report states that progress has been made with respect to rail safety (due 

to other safety performance criteria), however from Figure 1 it is evident that in terms of 

operational safety there was still a 1% increase in operational occurrences compared with 

the previous reporting period. This observation, together with this data provided the 

motivation for a larger study looking at why railway occurrences remain high despite 

organisations investigating them. 

3 Review of the Literature 

In dealing with railway occurrences, comprehensive occurrence investigations are key to 

managing safety. The purpose of investigations is to learn what happened in the rail socio-

technical system and what remedial actions should be adopted to prevent recurrences 

(Lindberg, Hansson & Rollenhagen, 2010). The ability of organisations to facilitate a 

learning culture to adequately address the reasons for such events is an important part of 

the occurrence investigation process. Furthermore, the suitability of the recommendations 

suggested post an occurrence, and more importantly whether these are implemented to 
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prevent recurrences is also an important part of creating a learning culture (Lundberg, 

Rollenhagen & Hollnagel, 2009). 

Lindberg et al. (2010) state that to prevent injury-causing incidents it is critical to learn 

from past events and near misses. Furthermore, the intention of reporting accidents is to 

facilitate organisational learning and to help prevent recurrences by implementing 

changes (Salmon et al., 2017). Hovden, Størseth and Tinmannsvik (2011) explain why 

organisations don’t learn from accidents and provide a number of reasons for this. The 

reasons include that: 

 Blame may hamper learning 

 Balances between liability versus learning are often antagonistic 

 Regulatory pressure 

 Feedback is often ambiguous 

 Reports can be untruthful 

 Contexts can be highly politicised 

 There may be secrecy where people avoid blame 

Failure to learn from accidents renders the investigation process ineffective. Investigating 

accidents for the sake of compliance does little for improving organisations’ safety 

performance. Hovden et al. (2011) state that the results of accident investigations should 

provide useful information from which individuals, stakeholders, organisations and 

government bodies can learn from. Furthermore, Hovden et al. (2011) believe that 

learning from accidents does not only apply to individuals who are responsible for 

investigations, but should have a wide reach in terms of all agents in the system; for 

example companies, sectors and authorities. Therefore learning from accidents should be 

viewed as a set of systems learning rather than just one system learning (Hovden et al., 

2011). For example, a number of railway companies in the same sector of rail 

transportation should share lessons learned.  

In this study a systems approach was followed to determine how the various levels in the 

rail socio-technical system may play a role in contributing to the effectiveness of the 

investigation process. Adopting a systems approach allows for a holistic and 

comprehensive identification of the external and internal parts or components within and 

between organisations, their interactive nature, vertical integration and flow of 

information from a top down and bottom up, feedback, and interdependence, in addition 

to the role of the environment influencing the investigation system’s performance 

(Ayeko, 2002; Dekker & Nyce, 2012; Lawton and Ward, 2005). Rasmussen’s (1997) Risk 

Management Framework was used as the theoretical framework for this research. It is 

used to illustrate the South African railway system. Figure 2 illustrates Rasmussen’s 

framework, a popular systemic accident analysis method that has also been used to 

analyse rail accidents (Underwood & Waterson, 2014). 
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Figure 2. Rasmussen’s (1997) Risk Management Framework  

(Adapted from Cassano-Piché, Vicente & Jamieson., 2006, p. 386; Rasmussen, 1997, p. 

185; Svedung & Rasmussen, 2002, p. 400) 

 

The levels in Rasmussen’s (1997) Risk Management Framework served as sources from 

which the data were collected for this research. Waterson, Le Coze and Anderson (2017) 

state that Rasmussen’s framework represents the most influential contribution to the 

fields of human factors and safety science, and has inspired researchers and practitioners 

in the field of engineering, psychology, sociology, and human factors.  
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4 Aim of this study 

The effectiveness of the investigation process of accidents, and the systemic factors 

influencing this, was evaluated in a larger study (Hutchings, 2017). During this study it 

emerged that a contributory factor to a recurrence of accidents is that organisations do not 

really learn from previous events. The aim of this paper is to highlight how the systemic 

factors that impact on the effectiveness of the investigation process also hinder the 

different organisations in the rail socio-technical system from learning from previous 

events. This paper discusses this finding. The identification of the systemic factors 

influencing the effectiveness of the investigation process will not only benefit the South 

African railway industry but will also contribute to accident investigation theory by 

providing an alternative and novel approach.  

5 Methodological approach 

A qualitative multi-method approach was adopted in this research. This is because 

qualitative research is primarily exploratory and gives the researcher data which is deep 

and rich. It is used to gain an understanding of underlying meanings, language, opinions, 

motivations and insight to address a particular problem (Grosvenor, 2000). The multi-

method approach also improved the reliability of the data collected as various information 

was verified and checked against the other methods for consistency. The process of 

triangulation was used and is detailed in this section. 

5.1 Sources of data collection  

Rasmussen’s (1997) Risk Management Framework was used for this study. Adjustments 

were made to the framework to be representative of the South African occurrence 

investigation system. Data was collected from each of the levels in Rasmussen’s (1997) 

Risk Management Framework. This included the Department of Transport (DoT), 

representing the South African Government, the Regulator, and a railway operating 

company (referred to as the Operator and representing the organisational level). The 

Operator included the management, staff, and work levels.  

5.2 Research design 

Ethics approval was granted by the University’s Human Research Ethics Committee with 

the ethics protocol number H14/09/14. Ethics principles such as informed consent, 

anonymity, confidentiality, the right to withdraw, safe guarding of data, and the provision 

of feedback were all included as part of the ethics submission. A multi-method design 

was used in this research consisting of different sources of data and methods. These are 

discussed separately.  

5.2.1 Government document analyses 

Governance documents included all railway occurrence investigation related legislation, 

standards, policies and procedures produced by the various hierarchies in the 

investigation system as illustrated in Rasmussen’s (1997) framework. The rationale for 

this method was multiple. The documents served as background information to 

familiarise the researcher with the processes and requirements in terms of occurrence 

investigations, to gain an understanding of the various roles and responsibilities of the 

different levels in the system, to develop the interview questions, as a means of 
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verification against the data collected in the other methods, and to determine if what is 

stated in the documentation a) happens in practice, and b) is well understood by the 

investigators. 

This method allowed the researcher to determine compliance to legislation and 

documentation compared to what happens in practice, and to identify any gaps between 

the levels of the system. In terms of sample size, the researcher was not prescriptive in 

what documents should be made available or in terms of the number of documentation. 

The only criteria were that the documents had to pertain to occurrences, occurrence 

investigations and occurrence management. This was done in terms of minimising any 

bias that would be created if the researcher requested certain documentation. Instruments 

included electronic and/or hard copies of legislation, standards, policies and procedures, 

manuals or guidelines and any other relevant documents. The procedure involved 

introductory meetings with the various hierarchies in the system to obtain the documents. 

Publically accessible documents were retrieved from the internet. No formal analysis such 

as thematic content analysis was conducted. The document analysis served as a checking 

process between the different organisations’ and their requirements. 

5.2.2 Review of occurrence investigation files 

Occurrence investigation files contain all the evidence pertaining to a particular event. 

The purpose of collecting this data was to understand the investigation process, what 

evidence and information is collected by the different organisations when conducting an 

investigation, the procedures and methods used for collecting evidence and to determine 

how the conclusions of the investigation (in terms of the findings and recommendations) 

are derived. The data collected also provided the researcher with cues to use during the 

observations and the interviews. The sample included occurrence investigation files for 

investigations completed by the Regulator and Operator only. The Government does not 

conduct investigations. The researcher requested access to completed investigations for 

the period of 1 April 2014 to 31 March 2015 from both organisations. This period was 

selected as it was the organisations financial reporting year prior to when this data 

collection method commenced. In total 11 investigation files were reviewed at the 

Regulator and 15 at the Operator. Saturation of information was reached i.e. the numbers 

of files provided were sufficient as the same information reoccurred, the researcher was 

able to understand the investigation processes followed and was able to note the types of 

evidence collected. A checking process was conducted with the number of occurrences 

reported by the organisations versus the number of these investigated. This was done in 

order to determine if every occurrence is investigated by comparing the number of 

investigations with the total number of occurrences for the specific reporting period. If 

there was a discrepancy then this would highlight that not all occurrences do get 

investigated suggesting a gap in the occurrence investigation process and impacting on 

its effectiveness. No documentation was reviewed in electronic format but in hardcopy 

only at the premises of the organisations. The data from this method were also used to 

develop the interview questions, corroborate or refute the information in the policies and 

procedures, and compared to the data collected from the observations of the actual 

inquiries.  
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5.2.3 Interviews 

Interviews served as the central method used in this multi-method design approach 

Interviewing is a useful qualitative technique as information is provided from individuals 

on their thoughts, opinions, beliefs and experiences (Yeo, Legard, Keegan, Ward, 

McNaughton Nicholls & Lewis, 2014). 

The review of the literature, the researcher’s experience within the field and all of the 

methods already discussed, provided the researcher with information that was used to 

develop the interview questions. The researcher also had prior experience and knowledge 

with the occurrence investigation process that made it easier to identify important aspects 

relevant to this research. Table 1 illustrates the categories of the interview questions with 

examples of some of the questions. 

 

Table 1.  Categories of the interview questions 

Interview Theme Example of Questions 

Demographics Organisation, Age, Gender, Job title 

General How long have you been involved in accident investigations? 

How many investigations have you been involved in? 

Investigations What is your role in occurrence investigations? 

What methods /techniques do you use when conducting an investigation? 

Training What training did you receive to be an investigator? 

Was the training you received beneficial? 

Human Factors What is your understanding of Human Factors? 

What role does Human Factors play in the investigation process? 

Safety Is safety a priority in your organisation? 

How would you describe the safety culture within your organisation? 

Financial influences Are the investigations costly to put in place? 

Are there times where finances/costs impact on the occurrence 

management process? 

Communication Are there channels in place to report back to the organisation what has 

happened after an inquiry  i.e. lessons learned? 

How would you describe the communication channels between your 

organisation and the Regulator? 

Knowledge and 

comprehension of 

railway standards 

What is your understanding of a “just culture” as mentioned in Standard 

xxx? 

Political influences Does politics play a role in occurrence management? 

What ministerial interventions play a role in occurrence investigations? 

Challenges What are the challenges that you experience when it comes to occurrence 

investigations? 

What are the challenges you experience when it comes to occurrence 

management? 

Suggestions for 

improvement 

What would you suggest to improve the investigation process? 

What would you suggest to improve the occurrence management process? 
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The interviews were semi-structured and consisted of open-ended questions. In-depth, 

face-to-face interviews were held with representatives from each of the levels of the 

hierarchy. In terms of the sample size, the number of representatives interviewed from 

the Department of Transport was 1, from the Regulator 11 and from the Operator 11. 

 

The researcher used a digital voice recorder to record the interviews and the interview 

sheet also provided the researcher with an opportunity to write brief notes. Field notes 

after each interview allowed the researcher to summarise the contents of the interview, 

the researcher’s thoughts, ideas for further exploration, the key points of the interview, 

themes that emerged from the interviews and information pertaining to the context of the 

interview. An independent transcriber was used to type the voice recorded information 

verbatim. The accuracy of the transcription plays a role in determining the accuracy, the 

creditability and validity of the data. Therefore the researcher reviewed the transcripts in 

conjunction with playing back the voice recording numerous times to determine the 

accuracy of the information. Where there were errors or inaccuracies, issues that required 

clarification or railway terminology and acronyms that were used, these were corrected 

by the researcher. This process ensured the transcripts were accurate.  

5.2.4 Observations 

The researcher sat in on actual inquiries as an observer to witness the process of 

conducting an inquiry thereby gathering rich data on the practice of investigating. The 

purpose of this method was to understand the process of how inquiries are conducted to 

determine the outcomes of the investigation. Information collected in the document 

analysis of the governance documents, the review of the completed investigation files and 

the interviews were compared to the data from the observations. The sample consisted of 

3 investigations observed at the Regulator and 1 at the Operator (these took place over 

several days and even months). The role of the researcher was purely to observe the 

processes using field notes to capture the necessary information. No information was 

digitally recorded as the researcher’s aim was to gain perspective on the processes. By 

choosing not to record the observations, this further offered the participants in the actual 

inquiries further confidence that their confidentiality was protected. The observations 

were carried out sequentially after the other data collection methods. The advantage of 

using the observations as the final data collection process allowed the researcher to verify 

the data from the governance document analysis, investigation files and the interview data 

by observing if the same processes played out in practice. 

5.3 Data analysis  

The process of verification of the data against each other was done using triangulation. 

Triangulation is beneficial as it helps to improve the validity of the information, which is 

important in qualitative research. Triangulation improves the validity of the findings if 

similar findings are established from various sources. Comparisons of the data were made 

across all the different methods. For example, the information from the investigation files, 

the interviews and direct observations were compared to identify any gaps. An example 

of a systemic factor that emerged during this verification process was that what was 

written in the policies and procedures does not always happen in practice. The interviews 

provided explicit explanations of participants’ own accounts of what influences the 

investigation system that was compared to the implicit explanations collected by the 
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researcher during the observations. Linkage of the data from the multi-method design 

allowed the researcher to develop a set of explanations to account for the patterns 

associated with discovering whether learning takes place from occurrence investigations. 

A positivist paradigm asserts that in order to evaluate the validity of a scientific theory, 

our knowledge claims or predictions should be consistent with the information we obtain 

empirically (Kaboub, 2008). The observations therefore aided in confirming or refuting 

the information that had already been collected and to identify if any gaps existed. 

Thematic content analysis on the interview data was conducted to identify the themes 

relating to the effectiveness of the investigation process but specifically in this paper the 

themes relevant to learning from investigations. The data analysis of the interview 

transcripts required working systematically through the written texts where the researcher 

immersed themselves in the data. This is referred to as familiarisation with the data and 

allowed the researcher to establish an initial framework. The data analysis process 

allowed for meanings, patterns, explanations and causal flows and conclusions to be 

drawn.  The iterative process started with a general read through of the data to gain a more 

in-depth analysis of paragraphs and then sentences. Chunks of data were labelled into 

categories, and because semi-structured interviews were conducted, this was fairly easy 

as the data was already well-ordered into topics. The initial analysis resulted in a crude 

thematic framework. In order to refine the data further into more coherent groupings, the 

researcher reviewed the data again, this time looking at the chunks of data and the group 

extracts, words, and opinions. Labels given to the chunks of data were amended where 

necessary. Relevant phrases, sentences, and words were identified from the interview 

transcripts which formed the basis of identifying common themes across the data sources. 

Although thematic analysis is time consuming and is an iterative process, this approach 

allowed the researcher to be immersed in the data, going beyond the surface of the data.  

 

At this stage the researcher found it useful to use colourful sticky notes in order to be able 

to visually separate, index, and sort the data. Indexing and sorting the data allows for an 

initial thematic framework consisting of a set of themes and sub-themes, thereby making 

the data more organised. For example, all the sticky notes (codes/sub-themes) pertaining 

to the theme, “challenges” (in relation to the challenges with respect to occurrence 

management) were grouped together.  

 

The information in the mind maps were then transferred into an electronic format, using 

the SimpleMind™ software. This process was performed for each interview. Each 

interview transcription was ‘deconstructed’ to identify the themes or categories, each with 

sub-themes or codes.  

 

6 Results and Discussion - Do we really learn from accidents? 

Table 2 provides examples of some of the main themes that emerged for each level of the 

hierarchy that hinder the effectiveness of the investigation process but also impact on 

learning from investigations. The multi-method approach yielded many themes and for 

the purposes of this paper only those relating to learning from accidents are provided (see 

Table 2). 
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Table 2.  Themes that emerged from the data analysis that hinder learning from 

investigations 

 

Hierarchy Level Example of Themes 

Government 

Government Funding 

Relationship with Operators 

Structures and Frameworks 

Challenges 

Role in Occurrence Investigations 

Performance Management 

Regulator 

Training 

Finances 

Skills /Experience 

Time pressure 

Classification system 

Power/Authority 

Operator 

Non-compliance 

Costs 

Onsite investigations 

Competency/Experience 

Procurement processes 

Capacity to investigate 

 

The themes are briefly explained for each level of the hierarchy. At the Government level, 

the themes that emerged explain how reduced Government funding to the Regulator 

impacts on the number of investigations that the Regulator is able to conduct, and also 

how many people are employed in the Government’s Rail Branch of which there were 

only 2 people. The Government does not interact with all Operators, given the different 

Government reporting lines. This impacts on the relationships with the Operators and the 

structure contributes to a conflict of interest where the one passenger operator and 

Regulator both report to the same Minister.  

At the next level, the Regulator, the classification system used for determining the 

different levels of investigation (i.e. severity) was identified as confusing with many of 

the interviewees explaining that there was no difference between Level 1 and 2 

investigations. However this was different from the occurrence investigation policy 

which stipulates the differences, albeit that this was ambiguous. This influenced the 

effectiveness of the investigation process as it highlighted that in practice the policy is 

not followed, but also that because the policy is ambiguous, this is a reason for why it is 

not completely adhered to. It also impacts on learning from investigations as not all the 

investigations that should be investigated were at all investigated, and if they were 



Ergonomics SA, 2018, 30 (1) 

ISSN Number : 1010-2728 

 42 

investigated, were not given the level of severity that was required by the policy, and due 

to limited funding.  

At the Operator level, non-compliance emerged as a theme where the investigations did 

not comply with the occurrence investigation procedure. For example incidents at a depot 

level were required to be investigated within 7 days, however the investigators at the 

depot could not adhere to this timeframe as often the evidence required was not yet 

available. Investigators therefore rushed the investigations to meet the timeframe (due to 

pressure from higher levels of management). This hinders the investigations effectiveness 

but also learning from such events. An incomplete or poor investigation without a 

thorough analysis of what happened prevents organisations from getting to the bottom of 

what caused the event, and therefore superficial findings and recommendations are 

identified. This contributes to repeated events. In terms of competency / experience, many 

of the investigators at the depot level were not trained in occurrence investigation 

techniques, report writing, and root cause analysis. By virtue of being a Manager this was 

the criteria that enabled them to lead inquiries without the necessary (and important) 

knowledge, skill and training. 

The findings from the multi-method approach highlight a number of systemic factors that 

not only hinder the effectiveness of the investigation process of railway occurrences, but 

also illustrated that there was a problem with facilitating a learning culture. Themes also 

emerged through the same coding process as used to determine the factors hindering the 

effectiveness of investigations that also illustrated that a learning culture is not evident 

across the rail socio-technical system. Although the themes initially emerged to address 

the factors hindering the effectiveness of the investigation process, they also tell a story 

that the very same themes hinder facilitating a learning culture.   

Table 3 provides a list of themes that emerged from the methods that impact on facilitating 

a learning culture with a few examples of quotes from investigators to explain the theme 

and how this hinders learning from accidents. If the effectiveness of the investigation 

process is hindered then this has a direct relationship with facilitating a learning culture. 

This is because poor or incomplete, delayed, rushed, or occurrences not at all being 

investigated, contributes to repeated events, with the organisation therefore not learning 

to prevent recurrences. This is as a result of the themes highlighted below where factors 

such as fear, distrust, lack of accountability, blame, ineffective investigations, punitive 

culture and poor recommendations hinder the ability of the rail socio-technical system 

from reducing the number of occurrences.   

 

 

 

 

Table 3. Themes that impact on facilitating a learning culture 
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The results are explained for each level in Rasmussen’s hierarchy and the role that the 

Government, Regulator and Operator play in facilitating a learning culture. 

6.1 The role of the Government in facilitating a learning culture 

The DoT does not get involved in occurrence investigations directly, unless there are 

social and economic impacts for example level crossing occurrences and in occurrences 

involving passengers. The findings from all the data methods indicate that the 

Government has retreated from active participation in railway safety efforts, there is no 

National Rail Policy, provides weak legislation and does little to ensure rail is a safe mode 

of transport. Consequently there is no national ‘referee’ who determines the acceptability 

of the investigation of accidents and the accident themselves to protect society. Roed 

Larsen & Stoop (2012) state that this is problematic as power becomes distributed with 

no formal safety assessors who are independent to make substantive judgements. 

Example of a Quote 
The themes impact on 

facilitating a learning culture 

“People held accountable are 

usually the train driver or train 

control officer. Nobody from a 

system’s point of view is held 

accountable” 

Blame 

 

  

“We don’t drill deeper, we need 

to go deeper” 

 

“We don’t do investigations 

properly” 

Ineffective investigation 

 

“Recurrences because we don’t 

address the root causes. We are 

too busy protecting ourselves” 

 

 

         Lack of accountability 

“Everyone is covering their own 

failures” 
 

“We fire people and our 

incidents still keep happening” 

 

Punitive culture 

“People want to nail us”  

“I am too scared to talk about my 

company” 

 

Distrust 

  

“I hope this is confidential, as 

this will get me fired” 

 

Fear 

  

“I don’t know about this 

recommendation it is vague” 

 

Poor recommendations 
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Furthermore, there was no system in place for the Regulator to report occurrences to the 

DoT. It was explained that the DoT could learn about accidents through the media first. 

Vertical feedback, integration between the hierarchical levels, openness and mutual trust 

in the hierarchy are important for systems to work effectively (Shorrock, Leonhardt, Licu, 

& Peters, 2014). It was explained that there was no transparency and that people at the 

Regulator were not open and honest with the DoT. A lack of transparency and flow of 

information between the Government and its own agency (the Regulator) propagates 

down the system, impacting on relationships between the Regulator and the Operators. 

Shorrock et al. (2014) believe that the success of a system depends on adequate resources 

and appropriate constraints to meet the demands. Unavailable and inadequate resources, 

including people and funds impacted on the Government’s ability to cope with the 

demands of the overall transport system. 

6.2 The role of the Regulator in facilitating a learning culture 

A significant finding was in the number of occurrences reported by Operators versus the 

number of occurrences investigated by the Regulator. The constraints and insufficient 

resources to meet the existing demands result in the Regulator investigating less than one 

percent of the total number of occurrences on South Africa’s railway. This significantly 

impacts on learning as the true picture of what causes accidents cannot be identified from 

such a small percentage. The number of occurrences (demands on the system) of 4500 

occurrences exceeds the capacity to investigate i.e. the number of investigators (n=4) 

impacting on the number of investigations annually (n=32). This observation impacts on 

the system’s ability to operate within its boundaries. Dekker (2011) refers to a drift into 

failure, commonly used in accident causation but in this context it is also relevant. What 

is interesting to note, is that for a drift into failure, systems would need to be in place with 

adequate resources, processes and support for these systems to function. It is only once 

these fail, that the system will begin to drift into failure. What the results in this research 

highlight are that the rail socio-technical system in South Africa is already in failure as 

the necessary resources, support, processes and feedback to improve railway safety are 

either absent, inadequate or ineffective. Inadequate financial and personnel resources to 

address the number of occurrences at the Government and Regulator level do little to help 

improve railway safety. Investigating a few occurrences at the Regulator, and not 

investigating every occurrence thoroughly by the Operator, does little for establishing a 

learning culture and preventing recurrences. Ineffective investigations and the 

consequences of these can also result in the investigation system’s already failed state 

with detrimental consequences for the railway system as a whole. 

6.3 The role of the Operator in facilitating a learning culture 

Creating a just culture where openness, mutual trust and fairness are encouraged helps to 

understand how the system behaves by creating opportunities for sharing and learning 

(Shorrock et al., 2014). The opposite, a punitive culture, leads to fear and resistance which 

was identified at an Operator level and their opinions of the relationship with the 

Regulator. The Operator felt that the Regulator was not fair as often the focus of the 

Regulator was on “nailing the bigger Operators”. Another important observation was 

that the Operator did not have employees whose sole job it is to investigate occurrences. 

Investigations are done by merely being a manager. Roed-Larsen and Stoop (2012) state 

that the competencies and skills of investigators is paramount to effective investigations. 
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Furthermore, the quality of the investigation to truly identify what went wrong impacts 

on creating a learning culture (Hovden et al., 2011). It was identified that at an operational 

level that investigations were poor and didn’t address the causes of the incident 

acceptably. Conflicting goals of safety and production were particularly evident at this 

level. At the Depots, management are responsible for train operations with safety as a 

support function. Rushing to complete investigation reports within seven days and acting 

as both the player and referee impacted on the independence of the investigations, its 

findings, and the suitability of the recommendations. 

6.4 Summary of the findings 

The shortage of investigators at the Regulator, and no appointed investigators at the 

Operator, result in not all occurrences being investigated. This hinders the system’s ability 

to facilitate a learning culture as some incidents are never investigated. This was further 

supported by the discrepancy in the number of railway occurrences in the country 

compared with the number of incidents actually investigated. Hutchings (2017) 

highlighted the systemic factors that have a direct and indirect impact on the South 

African railway system. It emerged from the larger body of research that these also impact 

on organisations inculcating a learning culture. Examples include:  

 Shortage of skilled investigators  

 Limited resources (personnel and equipment) to investigate  

 Absence of investigator training  

 Non-compliance with governance documents  

 Time pressures to complete investigations  

 Time delays in commencing with inquiries after an occurrence  

 Financial costs of establishing inquiries which limits the number of board of 

inquiries  

 Very little accident causation tools or methods are used during investigations 

7 Conclusions 

The aim of the larger body of research, from which this paper emanates, was to identify 

the systemic factors influencing the effectiveness of the investigation process of railway 

occurrences in South Africa. The results identified that the manner in which occurrence 

investigations are performed requires significant improvements to truly effect change and 

create a safe railway system. This is important so that the underlying causes of events are 

successfully identified and the appropriate recommendations implemented. To determine 

what prevents the investigation process from achieving this, the researcher deemed it 

necessary to focus on the rail socio-technical system. In particular the focus was on the 

various decision makers and stakeholders within the higher echelons of the system 

(government, regulatory, and organisational levels) and how they influence the 

effectiveness of the investigation process. The research demonstrated how different 

elements of the system play a role in reducing the effectiveness of occurrence 

investigations, and by implication occurrence causation. What also emerged from the 

research was that various organisations’ ability to facilitate a learning culture is also 

impacted on by these systemic factors. This was the focus of this paper.  
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This paper highlighted that a number of systemic factors do not only influence the 

occurrence investigation process, but also the different levels in the socio-technical 

systems learning ability post occurrences. The systemic factors hinder the different levels 

in the rail socio-technical system from implementing a learning culture, and in particular 

a just culture. The consequences of this has an impact of the effectiveness of the 

occurrence investigation process, as factors such as fear, blame, lack of accountability 

and a punitive culture inhibit witnesses from reporting and sharing information for fear 

of negative consequences. The purpose of an investigation is to learn and implement 

recommendations that can prevent recurrences. However, if the accuracy of testimonies 

is questionable, and the process of conducting investigations is flawed, then this will not 

enable organisations to develop a learning culture. Safety performance will also not 

improve if the railway system does not have a learning, reporting and just culture.   

The theoretical contribution of this research is identified in the useful and novel 

application of Rasmussen’s (1997) Risk Management Framework to illustrate that the 

accident investigation process is an example of a complex system. Adjustments to 

Rasmussen’s (1997) Risk Management Framework were made in order to contextualise 

it to the problem of this research, confirming the importance and application of 

Rasmussen’s work in the system of accident investigations and not only in accident 

causation. The bigger body of research and this study have contributed to accident 

investigation theory by providing an alternative and novel approach where instead of 

focusing on the accidents themselves, this study highlights that the accident investigation 

process is in fact its own system and is also a contributor to why accidents  reoccur. This 

study provides greater insight into accident causation theory and safety science, with 

particular reference to the investigation process of accidents. The complexity of the 

occurrence investigation system is influenced by a disjointed system-of-systems where 

the performance of other systems, the context, conflicting goals and commitment to safety 

prevents the investigation system from achieving its objectives and the ability to learn 

from previous events. A learning culture should encourage reporting, instill trust, 

minimise fear and allow for a just culture (Jeffcott et al., 2006; Wiegmann et al., 2004). 

Instead at various levels in the system, a blame culture, a lack of accountability and 

responsibility, fear and mistrust were evident. Interviewees highlighted that in accident 

investigations, finger pointing is prominent, management do not accept responsibility for 

systems that have inherent weaknesses, and instead the level lower down the system is 

blamed. 

Facilitating a learning culture is important to address and rectify the weaknesses and 

vulnerabilities within the system before the next occurrence happens (Wiegmann et al., 

2004). A learning culture within the South African railway system needs to be encouraged 

in order to maintain safety and to prevent recurrences. Recommendations for thorough, 

independent investigations that adopt a systems approach are essential to reducing the 

number of railway occurrences in South Africa. Furthermore, it is recommended that an 

independent national transportation body be established in South Africa that is 

appropriately independent and funded. Roed-Larsen and Stoop (2012) and Van 

Vollenhoven (2002) state that independent investigations are the only way to establish 

exactly what happened and put an end to any public concerns in the aftermath of an 

accident. Independent investigations demonstrate transparency and if the Board 

conducting the inquiry is not independent and attempts to apportion blame, that these are 
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not the right instruments for finding out exactly what happened, and therefore impacts on 

organisational learning. By apportioning blame only the direct causes are identified and 

the underlying causes are often neglected. Van Vollenhoven (2002) argues that for 

independent investigations there is a need for statutory guarantees to ensure witnesses are 

free to tell the truth without fear of legal consequences. This recommendation would 

allow for a truly independent body, separate from the Government, the Regulator, and the 

Operators in South Africa. 

7.1 Limitations of the study 

Limitations of the current research relate to the nature of the sample, challenges in 

obtaining information from the Government level, and researcher bias due to familiarity 

with the topic and field of research. One Operator was selected and this could have had 

an impact on the findings. Obtaining data relating to railway safety and rail regulation 

from the Government was challenging as the Rail Branch consisted of only two 

employees, of whom one participant had only been at the Department for a year, and the 

Rail Branch had only existed for two years. The researcher did have prior work experience 

and was well versed with the railway industry and its challenges. In order to minimise 

any bias in the methods and findings, the researcher adopted a multi-method design with 

results indicating similarities in the findings between the various methods, minimising 

bias and improving the reliability and validity of the findings. 

7.2 Directions for future research 

The literature review highlighted that a gap exists where the majority of accident theory 

concentrates on accident causation methods and techniques, however very little critical 

analysis of the literature was found that focusses on the investigation process as a complex 

system on its own. Further work can explore the system of accident investigations as a 

complex system, and its relevance in other industries and in other countries, in particular 

whether this is the case for developing countries. It is the researcher’s view that 

developing countries (countries less industrialised than its first world counterparts) have 

had to adjust to the fast pace of global technological changes with limited funding and 

underdeveloped infrastructure. Further research in this field may be able to assist 

developing countries, like South Africa to improve on its investigation process and culture 

of learning from investigations. Good practice internationally would be useful for 

countries like South Africa to adopt, in particular low cost and innovative solutions. 

Facilitating a learning culture will require strong and committed leadership from all 

stakeholders in the rail socio-technical system that are able to effect change.  

Note to the Reader 

The results of this research were based on information developed from data collected at 

a particular time from certain organisations - with their full support - and in the interest 

of process improvement. The author recognises that some of the findings may since have 

been addressed or are in the process of being addressed by these organisations where the 

data were collected. They have been provided with a copy of this research and the 

findings. The various organisations are aware of the findings and have reiterated their 

commitment to improving railway safety by considering the implementation of the 

corrective actions and initiatives at a strategic level to address the results. 



Ergonomics SA, 2018, 30 (1) 

ISSN Number : 1010-2728 

 48 

References 

African Development Bank. (2015). Rail Infrastructure in Africa: Financing Policy 

Options. Cote d’Ivoire. Retrieved from   

https://www.afdb.org/fileadmin/uploads/afdb/Documents/Events/ATFforum/Rail_Infras

tructure_in_Africa_-_Financing_Policy_Options_-_AfDB.pdf 

Ayeko, M. (2002). Integrated Safety Investigation Methodology (ISIM)-Investigating for 

Risk Mitigation. Paper presented at the First Workshop on Investigation and Reporting of 

Incidents and Accidents (IRIA 2002), Glasgow, July, pp. 115-126. Retrieved from 

http://www.cirs.ch/Report%20Studie%20D%C3%A4nemark. pdf#page=115 

Cassano-Piché, A., Vicente, K. J., & Jamieson, G. A. (2006). A sociotechnical systems 

analysis of the BSE epidemic in the UK through case study. In Proceedings of the Human 

Factors and Ergonomics Society Annual Meeting (Vol. 50, pp. 386–390). SAGE. 

Retrieved from http://pro.sagepub.com/content/50/3/386.short 

Dekker, S. (2011). Drift into failure: From hunting broken components to understanding 

complex systems. Surrey, England: Ashgate Publishing Limited. 

Dekker, S., & Nyce, J. M. (2012). Cognitive engineering and the moral theology and 

witchcraft of cause. Cognition, Technology & Work, 14(3), 207–212. 

http://doi.org/10.1007/s10111-011-0203-6 

Department of Transport. (2015, August). National Rail Policy: Green Paper. Pretoria, 

South Africa: Department of Transport. Retrieved from http://www.transport.gov.za/

LinkClick.aspx?fileticket=0MTIGeNPZ8s%3D&tabid=334&mid=1800 

European Union Agency for Railways. (2016). Railway safety performance in the 

European Union Biennial Report. Retrieved from https://erail.era.europa.eu/

documents/SPR.pdf 

Eurostat. (2016). Railway safety statistics. Retrieved from http://ec.europa.eu/eurostat/

statistics-explained/index.php/Railway_safety_statistics 

Grosvenor, T. (2000). Qualitative research in the transport sector. Workshop on 

Qualitative/Quantitative methods. Retrieved from http://onlinepubs.trb.org/

onlinepubs/circulars/ec008/workshop_k.pdf 

Hovden, J., Størseth, F., & Tinmannsvik, R. K. (2011). Multilevel learning from accidents 

– Case studies in transport. Safety Science, 49(1), 98–105. 

http://doi.org/10.1016/j.ssci.2010.02.023 

Hutchings, J. (2017). Systemic factors in the investigation of South African railway 

occurrences (Doctoral dissertation). Retrieved from   

http://wiredspace.wits.ac.za/handle/10539/23846 

Jeffcott, S., Pidgeon, N., Weyman, A., & Walls, J. (2006). Risk, trust, and safety culture in  



Ergonomics SA, 2018, 30 (1) 

ISSN Number : 1010-2728 

 49 

UK train operating companies. Risk Analysis, 26(5), 1105-1121. 

Kaboub, F. (2008). Positivist paradigm. Leong, Encyclopedia of Counselling, Thousand 

Oaks, 786–787. Retrieved from http://personal.denison.edu/~kaboubf/Pub/2008-

Positivist-Paradigm.pdf 

Lawton, R., & Ward, N. J. (2005). A systems analysis of the Ladbroke Grove rail crash. 

Accident Analysis & Prevention, 37(2), 235–244. 

http://doi.org/10.1016/j.aap.2004.08.001 

Lewis, J., Ritchie, J., Ormston, R., & Morrell, G. (2014). Generalising from qualitative 

research. In J. Richie, J. Lewis, C. McNaughton Nicholls & R. Ormston (Eds.), 

Qualitative research practice: A guide for social science students & researchers (2nd ed., 

pp. 347-366). London, England: Sage. 

Lindberg, A. K., Hansson, S. O., & Rollenhagen, C. (2010). Learning from accidents–

what more do we need to know? Safety Science, 48(6), 714-721. 

Lundberg, J., Rollenhagen, C., & Hollnagel, E. (2009). What-you-look-for-is-what-you-

find – The consequences of underlying accident models in eight accident investigation 

manuals. Safety Science, 47(10), 1297–1311. http://doi.org/10.1016/j.ssci.2009.01.004 

National Railway Safety Regulator Act No.16 of 2002. (2009, September 21). Retrieved 

from http://rsr.org.za/wp-content/uploads/2014/09/RSR-Act.pdf 

Railway Safety Regulator. (2011a). Annual Report 2010/2011. Retrieved from 

http://rsr.org.za/wp-content/uploads/2014/08/Annual-Report-2010-11.pdf 

Railway Safety Regulator. (2015). State of Safety Report 2014/2015. Retrieved from 

http://rsr.org.za/wp-content/uploads/2015/11/RSR-State-of-Safety-Report-2015-web-

Part-A.pdf and http://rsr.org.za/wp-content/uploads/2015/11/RSR-State-of-Safety-

Report-2015-web-Part-B.pdf 

Rasmussen, J. (1997). Risk management in a dynamic society: A modelling problem. 

Safety Science, 27(2/3), 183–213. 

Roed-Larsen, S., & Stoop, J. (2012). Modern accident investigation – Four major 

challenges. Safety Science, 50(6), 1392–1397. http://doi.org/10.1016/j.ssci.2011.03.005 

Salmon, P. M., Goode, N., Taylor, N., Lenné, M. G., Dallat, C. E., & Finch, C. F. (2017). 

Rasmussen's legacy in the great outdoors: a new incident reporting and learning system 

for led outdoor activities. Applied Ergonomics, 59, 637-648. 

Shorrock, S., Leonhardt, J., Licu, T., & Peters, C. (2014). Systems Thinking for Safety: A 

White Paper. European Organisation for the Safety of Air Navigation (Eurocontrol). 

Retrieved from http://www.skybrary.aero/bookshelf/books/2882.pdf 

Spencer, L., Ritchie, J., Ormston, R., O’Connor, W., & Barnard, M. (2014). Analysis: 

principles and processes. In J. Richie, J. Lewis, C. McNaughton Nicholls & R. Ormston 



Ergonomics SA, 2018, 30 (1) 

ISSN Number : 1010-2728 

 50 

(Eds.), Qualitative research practice: A guide for social science students & researchers 

(2nd ed., pp. 269-294). London, England: Sage. 

Svedung, I., & Rasmussen, J. (2002). Graphic representation of accident scenarios: 

mapping system structure and the causation of accidents. Safety Science, 40(5), 397-417. 

Underwood, P., & Waterson, P. (2014). Systems thinking, the Swiss Cheese Model and 

accident analysis: A comparative systemic analysis of the Grayrigg train derailment using 

the ATSB, AcciMap and STAMP models. Accident Analysis & Prevention, 68, 75–94. 

http://doi.org/10.1016/j.aap.2013.07.027 

Van Vollenhoven, P. (2002). Independent accident investigation -The right of each citizen 

and society’s duty. Japan Railways & Transport Review, (33), 14-19. Retrieved from 

http://www.jrtr.net/jrtr33/pdf/f14_vol.pdf 

Wadongo, E. (2014, November 7). Africa rising? Let’s be Afro-realistic. The Guardian. 

Retrieved from https://www.theguardian.com/global-development-professionals-

network/2014/nov/07/africa-rising-lets-be-afro-realistic. 

Waterson, P., Le Coze, J. C., & Andersen, H. B. (2017). Recurring themes in the legacy 

of Jens Rasmussen. Applied Ergonomics, 59, 471-482. 

Wiegmann, D. A., Zhang, H., Von Thaden, T. L., Sharma, G., & Gibbons, A. M. (2004).  

Safety culture: An integrative review. The International Journal of Aviation Psychology, 

14(2), 117-134. 

Wilson, J. R. (2014). Fundamentals of systems ergonomics/human factors. Applied 

Ergonomics, 45(1), 5–13. http://doi.org/10.1016/j.apergo.2013.03.021 

Yeo, A., Legard, R., Keegan, J., Ward, K., McNaughton Nicholls, C., & Lewis, J. (2014). In-

depth interviews. In J. Richie, J. Lewis, C. McNaughton Nicholls & R. Ormston (Eds.), 

Qualitative research practice: A guide for social science students & researchers (2nd ed., pp. 

177-210). London, England: Sage. 

 

 

  

https://www.theguardian.com/global-development-professionals-network/2014/nov/07/africa-rising-lets-be-afro-realistic
https://www.theguardian.com/global-development-professionals-network/2014/nov/07/africa-rising-lets-be-afro-realistic


Ergonomics SA, 2018, 30 (1) 

ISSN Number : 1010-2728 

 51 

The editor would like to thank the following individuals for reviewing 

papers during 2018: 

 

Andrew Thatcher 

Bob Bridger 

Candice Christie 

Claire Deacon 

David Goble 

Dr Alison Bentley 

Dr Sahu 

Fiona Donald 

Hayden Searle 

Jessica Hutchings 

Jonathan Davy 

Miriam Mattison 

Prof Albert Chan 

Swantje Zschernack 

 



Ergonomics SA, 2018, 30 (1) 

ISSN Number : 1010-2728 

 52 

Information for contributors 

ERGONOMICS SA is a biennial publication of the Ergonomics Society of South Africa 

aimed at promoting scholarly and professional interest in the domain of humans at work.  

Six categories of contribution are recognised:  Research Papers; Review Articles; 

Methodological Reports; Case Studies and Observational Records; Research 

Notes/Updates; News and Views. 

Specific instruction to authors 

Please contact j.mcdougall@ru.ac.za and request the Ergonomics SA publishing 

requirements and submission guidelines template. 

Manuscript submissions 

Authors should submit their full papers (using the abovementioned template) as an 

attachment via email to the journal email address j.mcdougall@ru.ac.za. 

All submitted papers should be sent in .doc, .dot or .rtf formats. No other formats will be 

accepted. 

 

Editor 

Editor-in-Chief:  Ergonomics SA 

Dr Jonathan Davy 

Ergonomics Unit 

Department of Human Kinetics and 

Ergonomics 

Rhodes University 

P O Box 94, Grahamstown 

6140  SOUTH AFRICA 

 

j.mcdougall@ru.ac.za 
 

 

 

Papers will be reviewed by two independent referees who will remain anonymous. The 

editor will pass on referee’s comments and general recommendations to the author. 

 

Only accept email contact to j.mcdougall@ru.ac.za 

 

 

mailto:j.mcdougall@ru.ac.za
mailto:j.mcdougall@ru.ac.za
mailto:j.mcdougall@ru.ac.za
mailto:j.mcdougall@ru.ac.za

