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ABSTRACT 

Our future existence on earth is under threat. Immediate and significant action is required, however, 
the issues that we face are complex, interrelated, and difficult to solve. The potential role of 
ergonomics in managing existential threats has been discussed; however, few studies have used 
ergonomics methods to analyse major global challenges. This article presents the findings from a 
study that explored the use of a systems ergonomics tool, the abstraction hierarchy from Cognitive 
Work Analysis, to develop a complex sociotechnical systems model of the world. The aim was to 
determine whether the method was able to cope with such a large and complex problem space, and 
to explore what insights the analysis would give on how society can respond to current and future 
global challenges. The findings demonstrate that the abstraction hierarchy is capable of modelling 
the world as one large-scale problem space. In particular, the model was able to encapsulate the 
major global challenges recently outlined by the World Economic Forum. A contribution of the 
analysis is to show the interrelatedness of the issues underlying these challenges, which in turn 
demonstrates the difficulties faced when attempting to respond to them. The implications of the 
model are discussed, along with further work that is required to embed ergonomics in wider multi-
disciplinary efforts aiming to tackle current and future global challenges. 
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Introduction 

Our world is at breaking point. Alarmingly, there are many issues that threaten either the earth 
itself, or our future existence on it. These include climate change and environmental degradation, 
extreme weather, overpopulation, food and water security, disease, misuse of the internet and social 
media, terrorism, cybercrime, nuclear warfare, inequality, human rights breaches, antimicrobial 
resistance, and instability in the world’s economy, to name only a few. In addition to these issues, 
many of which are already wreaking havoc, by 2050 we will likely face an onslaught of new and 
emergent issues related to artificial intelligence and the singularity, automation replacing human 
work, the genetic modification of humans, an ageing population, and otherworld settling. As 
pointed out by many, if significant action is not taken immediately, a dystopian future awaits us. 
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Though questionable whether it is anywhere near enough, action is being taken. Many of the issues 
above are subject to multi-and trans-disciplinary programs aiming to either eradicate them 
completely or come up with strategies to manage and mitigate their impact. Experts from many 
disciplines are involved in this work; however, there is little evidence that ergonomists are involved, 
or that the science of ergonomics is being considered. Whilst the discipline’s raison d’etre 
encompasses the optimisation of human health and wellbeing, and many of our methods allow us to 
understand and respond to highly complex issues, it seems that ergonomics is being overlooked 
when it comes to issues that threaten humanity.  

This paper seeks to redress this by focussing on the role that ergonomics can potentially play in 
responding to global issues that have the potential to dramatically impact the human race and the 
world that we inhabit. The idea of a more significant role for ergonomics in addressing major 
societal and global issues is not new. Indeed, scholars have previously argued that ergonomics can 
make a significant contribution to the management of key global issues and challenges (Moray, 
1995; Thatcher et al., 2017). Likewise, it is our view that the discipline of ergonomics has a key role 
to play in ensuring that our future world is a world we can, and want to, live in. In particular, we 
argue that systems ergonomics applications focussing on global issues provide an important line of 
inquiry both in terms of demonstrating the utility of ‘global ergonomics’ and in informing the 
development of interventions designed to eradicate or better manage the issues in question. 

It goes without saying that global challenges and existential threats are large scale, complex and 
multifactorial, dynamic, and heavily interrelated. As a result, they are extremely difficult to 
describe, understand, and respond to. Arguably, systems ergonomics provides a suite of methods 
that are capable of describing and responding to such large scale and complex issues. Due the 
increasing popularity of systems thinking in ergonomics, since the turn of the century a range of 
systems ergonomics methods have either been developed or have experienced a resurgence in 
popularity (Salmon et al., 2017). These perhaps provide a useful toolkit of methods that could be 
used initially to explore and demonstrate the potential utility of global ergonomics. 

The aim of this article is to explore the use of systems ergonomics methods to understand major 
global issues by applying one such method to develop a model of the world as a socio-ecological-
technical system. Specifically, the first phase of Cognitive Work Analysis (CWA; Vicente, 1999), 
Work Domain Analysis (WDA; Naikar, 2013), was used to develop a model of the world. The aim 
was, first, to determine whether the method was able to cope with such a large and complex 
problem space, and second, to explore what insights the analysis gave in terms of the development 
of strategies designed to respond to current and imminent major global challenges. 

Method 

Cognitive Work Analysis 

CWA (Vicente, 1999) is a systems analysis and design framework that has become a popular 
method for understanding and optimising complex systems. The framework provides a series of 
modelling approaches that focus on identifying the constraints imposed on behaviour within the 
system under analysis (Vicente, 1999). The first phase, WDA, is used to construct an event- and 
actor-independent model of the system under analysis, known as an abstraction hierarchy (Naikar, 
2013). This means it is not focussed specifically on any event (e.g. a global financial crash) and 
does not include actors who operate within the system (e.g. politicians, researchers). The aim is to 
describe the functional structure of the system as well as the purposes of the system and the 
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functions, process and object-related constraints imposed on the actions of any actor performing 
activities within that system (Vicente, 1999).  

The abstraction hierarchy method achieves this by describing systems across the following five 
conceptual levels: 

1. Functional purpose – The overall purpose(s) of the system; 
2. Values and priority measures – The values that are assessed and used to measure the 

system’s progress towards its functional purposes; 
3. Purpose-related functions – The general functions of the system that have to be undertaken 

within the system so that the functional purposes are achieved; 
4. Object-related processes – The functional capabilities of the physical objects within the 

system that enable the purpose-related functions; and 
5. Physical objects – The physical objects within the system that are used to undertake object-

related processes. 

Describing the relationships between components of a system is a key requirement when attempting 
to understand behaviour and complexity. Abstraction hierarchy models use means-ends links to 
show the relationships between nodes across the five levels of abstraction. To achieve this, the 
linked nodes at the level above a particular node in the hierarchy relate to ‘why’ that node is 
required, and the linked nodes at the level below the node relate to ‘how’ the node is achieved.  

Abstraction hierarchy development 

Naikar’s (2013) nine-step WDA methodology was applied to develop the abstraction hierarchy. 
Initially the aims of the analysis were established and any relevant project constraints were 
identified and discussed. Next, the analysis boundary was defined as the world with an emphasis on 
human society and human health and wellbeing. A high level of granularity for the analysis was 
agreed upon to prevent the abstraction hierarchy from becoming too large and unwieldy.  

An initial draft world abstraction hierarchy was then developed by the first two authors, both of 
which have extensive experience in applying WDA in a range of domains including defence, 
aviation, rail, disaster management, sport, and process control (see Stanton et al., 2017). 
Development of the abstraction hierarchy involved systematically working through each level using 
Naikar’s (2013) prompts to identify relevant nodes. Publicly available information such as websites 
and the grey literature was also used where required. Discussion continued until both authors were 
in agreement regarding the nodes identified. Once the nodes were finalised the authors discussed 
the means-ends links, again agreeing on appropriate means-ends links to include in the model. The 
draft abstraction hierarchy was developed using the CWA software tool. 

The draft abstraction hierarchy was then reviewed by the remaining authors and refined accordingly 
based on their feedback. The additional co-authors include researchers with extensive experience in 
complex system modelling and in the role of ergonomics in global issues and challenges. 

Following Thatcher et al. (2017), a final feature of the analysis involved identifying the purpose-
related functions that relate to the top ten major global challenges identified by the World Economic 
Forum (World Economic Forum, 2016, see Table 1 below). This involved the first two authors 
systematically working through each of the purpose-related functions and discussing whether they 
related to any of the ten major global challenges. Nodes deemed to be related to any of the ten 
major global challenges were subsequently shaded using the Microsoft Visio drawing package.  
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Table 1. World Economic Forum’s ten global challenges 
 

Challenge 
1. Food security 6. The internet 
2. Wealth inequality 7. Gender equality 
3. Unemployment 8. Global trade and investment 
4. Climate change 9. Long term investment, infrastructure and development 
5. Global financial systems 10. Healthcare 

Results 

The world abstraction hierarchy is 
presented in full in Figure 1 
(shown right). In Figure 2 the 
purpose-related functions level is 
shaded to show which purpose-
related functions relate to the ten 
global challenges presented in 
Table 1.  

The functional purpose of the 
world, from a human perspective, 
is to sustain life. At the next level, 
eleven broad values and priority 
measures are included. These 
include values relating to human 
health and well-being, minimising 
damage to the environment (e.g. 
pollution and resource depletion), 
maximising discovery and 
economic growth, and managing 
issues such as conflict, diversity, 
sustainability, and equality. 
Twenty-three process-related 
functions are included. These 
cover functions relating to health 
and wellbeing (e.g. sustenance, 
health, social interaction, physical 
activity, recreation and play), 
mobility and access, employment, 
trade, sustainability (e.g. 
recycling, manage renewables, 
manage resources, sustainable 
development), crime prevention, 
land and sea use, peace and 
stability, education, cultural 
integration, and inclusivity. 

Figure 1. World abstraction hierarchy 
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The physical objects level includes 30 objects ranging from ecological objects such as land, oceans, 
lakes and waterways, energy, natural resources, the sun, flora and fauna, and weather to man-made 
artefacts and systems such as transport, healthcare, the economy, agriculture, the military, 
governments, and infrastructure. The object-related processes level includes the processes that the 
physical objects afford. For example, the physical object ‘land’ affords the object-related processes 
of ‘farming’, ‘urban development’, ‘rural development’, and ‘travel’.  
 

 
Figure 2. World abstraction hierarchy with shading to highlight purpose-related functions relating to 
the World Economic Forum’s top ten major global challenges 

Discussion 

This proof of concept study involved using the abstraction hierarchy method from WDA to develop 
a complex socio-ecological-technical systems model of the world. The aim was to determine 
whether WDA was able to cope with such a large and complex problem space, and to explore what 
insights the analysis would give in terms of responding to major global challenges. The work relates 
to the notion that ergonomics can play a key role in understanding and responding to major global 
issues, and attempts to build on a growing interest in its capacity to do so (Thatcher et al., 2017). 

First and foremost, the analysis suggests that, at least at a high level of granularity, WDA is capable 
of dealing with the large scale and complex problem space that is the world. Whilst further work is 
required to validate the model and its contents, as an initial proof of concept application the study 
was able to achieve its primary aim of constructing a coherent and useful model of the world. 
Parenthetically, the analysis represents the first time that an ergonomics approach has been used to 
model the entire world as one socio-ecological-technical system (van der Leer et al., 2018). Further 
applications of other systems ergonomics methods in this context are encouraged. 

An important initial test of the model was whether it could incorporate the range of issues that are 
known to represent a significant existential threat. As shown in Figure 2, the World Economic 
Forum’s current top ten global challenges were encapsulated within the model. An important 
contribution is to present these and other issues within the one model and to show their 
interrelations via the means-ends links and shading of the nodes. This serves to demonstrate the 
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complexity of global issues as well as the difficulties faced in developing suitable strategies and 
interventions that can respond to all of the issues that we face. 

The findings suggest that many of the functions, objects and processes included in the model have a 
role to play in multiple issues. Purpose-related functions such as ‘manage resources’, ‘manage 
population’ ‘land use’, ‘education’, and ‘advance knowledge’ each link to multiple values and 
priority measures, suggesting that they represent key leverage points when attempting to respond to 
global challenges. For example, the land use function and its means-ends links indicate that 
optimising land use can support health and wellbeing and environmental protection whilst at the 
same time minimising pollution and resource depletion. A simple example relates to the way in 
which land use can be used to initiate positive modal shifts within transport systems. Initiating 
model shift to active forms of transport such as cycling and walking will have positive effects on 
health, wellbeing, and the environment (McClure et al., 2015; Woodcock et al., 2007; 2009). Active 
transport enables people to increase their participation in physical activity (Woodcock et al, 2007), 
which in turn reduces the risk of cardiovascular diseases, diabetes, cancers, and depression (WHO, 
2006). Removing energy intensive transport modes such as the motor car will reduce many adverse 
impacts, including crashes leading to trauma, congestion and pollution, and various harmful 
environmental impacts (Heinrich et al, 2005; Woodcock et al., 2007). 

Optimising land use to initiate a shift to active modes of transport will therefore have many benefits 
that tackle multiple global challenges. Such modal shifts can be facilitated through land use 
approaches such as increasing the quality of cycling and walking trails, improving street lighting, 
ensuring sidewalk continuity, using a mix of residential, commercial and community land uses, and 
introducing a high quality of public realm and amenity (e.g. Aytur et al, 2008; Banister, 2005; 
Stevens et al. 2016). Development density is a key consideration, as motor vehicle use becomes 
essential in low density developments where travel distances from communities to places of work 
and shopping precincts become too large for alternative active and public transport modes to be 
competitive (Buehler, 2011). Motor vehicle use also becomes slower and less appealing in denser 
areas due to factors such as congestion and limited availability of parking (Buehler, 2011). A key 
use of the model is to identify ways of responding to multiple issues, as opposed to attempting to 
develop interventions which respond to issues in isolation. 

A final notable finding was the fact that the abstraction hierarchy included purpose-related 
functions that do not relate to the World Economic Forum’s top ten global challenges. These 
included ‘peace and stability’, ‘manage population’, and ‘cultural integration’. Whilst these are 
acknowledged to be significant global challenges, their inclusion as specific purpose-related 
functions in the model suggests that issues related to these functions (i.e. conflict, overpopulation 
and discrimination) could be added to the World Economic Forum’s set of challenges. 

Saving the world with a system of systems ergonomics approach 

The analysis demonstrates how systems ergonomics can be used to describe and understand 
complex global issues. Whilst this systems level view is useful, one criticism is that the analysis is 
too high level to support identification of specific interventions. Moving forward then it is likely 
that taking a ‘system of systems’ approach will be useful when attempting to understand and 
respond to complex existential threats. System of systems refers to ‘super systems’ that comprise 
components that represent large-scale systems in their own right and are managed independently 
(Harvey & Stanton, 2014; Maier, 1998). As shown in the abstraction hierarchy, the world is one 
such system of systems comprising many interrelated large-scale and complex sociotechnical 
systems such as transport, healthcare, education, crime prevention, the economy, and also socio-
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ecological systems such as the environment. Whilst the focus of the present study was on the world 
as one socio-ecological-technical system, additional analyses could now take components of this 
model and undertake further, more detailed systems analyses. This will be useful for identifying 
strategies designed to optimise component systems and how they interact with one another. WDA 
could therefore be used to develop detailed models for each of the purpose-related functions in the 
present model that represent systems in their own right, such as education and crime prevention. 

Study limitations and areas for further research 

As a proof of concept study there are some limitations worth noting. The model was not subject to 
validation by subject matter experts. This represents an important area for future research, and could 
be achieved through the conduct of a Delphi study or similar. The granularity of the model is also a 
limitation. This was deliberately set at a high level so that the analysis did not become too complex 
and unwieldy; however, it prevents some of the specific details underlying certain issues from being 
included in the model. This could be resolved by developing separate abstraction hierarchy models 
for each of the purpose-related functions (as discussed above). 

The present analysis opens up many areas of further research. Applying the other phases of CWA is 
one that could be beneficial, both to further understand some of the issues included in the model and 
for developing interventions to remove or manage them. The strategies analysis phase could be used 
to explore ways of optimising certain purpose-related functions in the model, such as manage 
resources, land use, and recycling. In addition, there is scope to apply other systems ergonomics 
methods in this context. For example, the Systems Theoretic Model and Processes (STAMP) model 
and associated methods (Leveson, 2004) could be used to describe the controls that are currently 
used to manage certain issues (e.g. climate change) and to identify new control and feedback 
mechanisms. Accimap and Actormap (Rasmussen, 1997) could also be used to identify the network 
of factors and actors that contribute to specific issues. No doubt there are other potential 
applications of other methods, and further exploration is encouraged.   

Conclusions 

Humanity has arrived at perhaps the most critical juncture in its relatively brief existence. If we 
continue to live as we currently do, a dystopian future awaits us. Systems ergonomics can and 
should play an active role in efforts to respond to the various global challenges that we face. Despite 
other scholars arguing the same, ‘global ergonomics’ does not appear to have received attention 
from those who operate outside of our discipline. This article aimed to test a popular systems 
ergonomics approach, the abstraction hierarchy, for its ability to model the world as one complex 
sociotechnical system. The analysis demonstrates that the abstraction hierarchy can be used to 
construct a coherent and useful model of the world. The model was able to incorporate all of the 
recognised major global challenges and their interrelations, and emphasised three additional issues. 
Contributing to the management of existential threats represents perhaps the most important line of 
work for our discipline. Further applications of systems ergonomics in the global ergonomics 
context are therefore encouraged. Indeed, such applications will demonstrate what we have to offer 
in this context, and will help establish human factors and ergonomics as an important consideration 
when attempting to respond to key global challenges. 
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