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Abstract:  Cities are complex systems and the ways in which we consider and conceive them requires 
disruption. This disruption is not technological, but methodological – providing new ways to understand 
and explore their structure, composition and potential. This paper outlines an approach to modelling the 
complexities of cities, utilising smart cities as a case study. Drawing on the scientific and methodological 
legacy of the discipline of Human Factors and Ergonomics (HFE) the research outlines and applies a 
Sociotechnical Systems (STS) understanding of complex city systems. STS approaches were conceived 
to assist in the design of complex systems within which human operators are key components but interact 
with many technical elements (e.g. nuclear power plants). This paper argues that our cities are STS 
(humans, technology and their environment) and explores this via the application of the HFE method of 
Cognitive Work Analysis. An STS model of an architype smart city was developed to draw together the 
array of smart city perspectives and explore possibilities for the design of new city systems. The smart 
city was modelled across five hierarchical levels - detailing, describing and linking the purposes, values 
and priorities, the activities that are performed, and the physical objects that make up a smart city. The 
model is formative in nature, moving away from reductionist approaches of how cities ‘should’ be 
designed to explore how they ‘could’ be designed. It allows all stakeholders to better understand the 
complex nature of humans, technology and their environment, revealing it is possible to create cities that 
cope with complexity rather than collapse under it 
 
Key words: Smart Cities; Sociotechnical Systems; Work Domain Analysis; City Models; Human Factors 
and Ergonomics. 
 
Introduction 
The purpose of this paper is to explore the utility of a Sociotechnical Systems (STS) approach to better 
describe and understand cities as complex systems. It draws on the Human Factors and Ergonomics 
(HFE) discipline to offer new insights for modeling, evaluating and designing cities. The proposition is that 
STS approaches have a foundation of robust human science, with actionable methods, which may deliver 
effective, reliable and replicable ways to interpret, model, evaluate and design complex, built 
environments. 
 
The paper first details the idea of cities as complex systems; and then highlights the rise of smart cities as 
a 21st century paradigm of the modern city. It then identifies and exemplifies the parallels between the 
urban development and HFE disciplines. Next, the paper provides an overview of the HFE systems 
method, Cognitive Work Analysis (Vincente, 19997; Jenkins et al., 2009) and details the first phase of that 
approach Work Domain Analysis. The results of the WDA modeling of a smart city are then presented. 
The utility of the approach as a first of its kind model for the assessment and design of smart cities is then 
discussed. In conclusion the significance of the results and efficacy of STS and HFE methods are 
considered for future urban planning and development practice. 
 
Cities as Complex Systems 
It has long been recognised that our cities and towns are complex environments, or indeed complex 
systems (Jacobs, 1961; De Roo and Hillier, 2016). In the early years that recognition resulted in a range 
of attractive metaphors for complexity, from the top down city as machine (e.g. Corbusier, 1967, 
engineered systems) to the more bottom up city as organism (e.g. Holling and Goldberg, 1971, biological 
systems. Many of these and similar conceptualisations are perhaps an oversimplification of the infinite 
array of elements that exchange stimuli with each other and their environment in complex urban settings. 
More recently, and reflected in this work, is the ‘inherent spatiality of complexity science’ (O’Sullivan et al. 
2006 p617). This research seeks to make explicit the idea that the interactions between system 
components result in the overall outcomes of the system – yet understanding that a system is greater 



2 
 

than the sum of its parts (Batty, 2007). It is an approach principally concerned with the notion of ‘aggerate 
complexity’ (Manson & O’Sullivan 2006) yet here with a human factors and STS lens. 
 
Advances have been made in identifying the specific properties of complexity within urban systems.  
Batty (2007) refers to Durlauf (2005) who affirms these properties are nonergodicity, phase transition, 
emergence, and universality. Nonergodicity is defined as a system that lacks probable behaviour over 
time. Phase transition refers to a complex system having tipping points in which a convergence of 
elements can change the system. In recognising the first two properties, emergence refers to the new 
systems properties that arise from the interaction of system components - this represents the evolution of 
the system (Batty, 2007). Finally, universality refers to the system property that when examined at 
different times and spatial scales, the system can be recognized as the same (Durlauf, 2005). Our cities 
and their urban and regional environments display all these properties; however, most of the methods 
that we use to model and design cities cannot cope with this complexity (Stevens et al., 2018). 
 
There is a long legacy where the ideas of urban development, complexity and technology converge. In 
the Australian context, perhaps most notable were the multi-function polis proposals of the 1980s. These 
urban developments were to combine the 'high tech' of the technopolis with leisure and lifestyle (Hamnett, 
1997 p227). Whilst a number were anticipated, only a proposal north of Adelaide gained some traction, 
and was then abandoned in 1998. Is it with much the same fervour, but broader scope, that more recent 
initiatives such as the Smart Cities and Suburbs Program are also delving into notions of urban 
complexity (DITCRD, 2016)? 
 
The rise and rise of smart cities 
The smart city is a global trend to create smart, liveable and sustainable living in existing and new cities 
(Lara et al. 2016; Yigitcanlar 2016). It is a complex notion and despite its enthusiastic acknowledgement 
there is no consensus on what a smart city is, or should be (Yigitcanlar et al., 2018 p147).  
 
As a brand the smart city is most actively proffered and consumed by city managers and administrators. 
Characterised by approaches that seek to label individual policy imperatives or infrastructure components 
of city building initiatives as ‘smart’ – e.g., expanded public Wi-Fi access, data dashboards, infrastructure 
monitoring, community engagement, active transport initiatives and so on (DITCRD, 2016). This 
compartmentalisation of the concept does little to advance it as a holistic approach to the development of 
strategic policy to enable the creation of sustainable smart community-oriented cities. With the growing 
complexities of cities any approach that only addresses component parts in isolation (intentionally or not) 
can only achieve limited success, with no prospects for sustainable long-term improvement.  
 
This fragmentation and the lack of a holistic perspective on the notion of the smart city is a key concern 
(Yigitcanlar et al., 2018). In response they established a multidimensional smart city framework to offer a 
more comprehensive understanding of smart city complexity. Based on a systematic literature review, 
they argue that there are three types of drivers of smart cities—community, technology, policy — which 
are linked to five desired outcomes— productivity, sustainability, accessibility, wellbeing, liveability, 
governance (p.145).  
 
Despite the lack of alignment and the appropriation of the paradigm to specific discipline areas, it remains 
an aspirational brand for cities globally. Both points are no more evident than when considering there are 
currently seven different prominent global indices (although many dozens more) that measure (smart) 
cities performance, often using a range of different metrics, analyses and dimensions.  
 
The WDA model developed here has been informed by the comprehensive smart city review by 
Yigitcanlar et al. (2018) and also includes data from the 2017 Smart Cities Index (EasyPark 2017); 
Mapping Smart Cities in the EU (2014); and the perspectives of the seven global indices. These are: 
Smart City Governments (Eden Strategy Institute, 2018); Cities in Motion Index (IESE, 2019); Global 
Cities Index (Kearney, 2018); Global Financial Centres Index GFCI (Z/Yen Group, 2018); Quality of Living 
City Ranking (Mercer, 2019); Global Liveability Index (EIU, 2018); and the Sustainable Cities Index 
(Arcadis, 2018). All indices have the common understanding that a city is more prosperous and 
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competitive if it manages to develop in multiple dimensions rather than a single approach, and mostly 
include economic, environmental, mobility, quality of life, use of technology and cultural parameters.    
Interestingly, the top ranked cities, for example in the IESE index (2019), appear consistently in the top 
positions of the other indexes despite the different approaches, methodology and indicators. In no specific 
order the constantly well ranked cities include: New York, London, Singapore, Copenhagen, Hong Kong, 
Zurich, Beijing, and Seoul. These cities score well in the overall rankings, but for a variety of reasons. It is 
quite clear that no one city may be expected to be ranked highly in every smart city dimension. Every city 
has its own priorities which are often based on political, technological or community needs - the key smart 
city drivers. Aspirational smart cities require a way in which they can explore their potential, understand 
the trade-offs between priorities, optimise the resources they already have, and clearly communicate the 
aims and intentions of their smart city strategy. The WDA model developed here seeks to offer such an 
approach. 
 
The complex and perhaps contested nature of the notion of the smart city makes it an attractive and 
challenging case study to apply STS thinking. This paper seeks to utilise the STS approach to draw 
together the array of conceptualisation, themes and indices into a first of its kind WDA model. A model 
which does not simply identify the key issues, but indeed the physical resources and processes of the city 
that contribute to those issues. 
 
Human Factors, Ergonomics and Sociotechnical Systems 
One of the key disciplines that has a scientific legacy of dealing with complexity and complex 
relationships between humans, technology and their environment is HFE. Through the application of 
theory, principles, and methods, HFE and more specifically, STS approaches seek to jointly optimise the 
socio (people and society) and technical (non-human) aspects of our environments (Walker et. al 2008). 
 
The consideration of HFE approaches to better inform the complex urban systems has resulted from an 
appreciation of parallels between the disciplines (Stevens et al., 2018). For example, both HFE and 
planning require careful consideration of the range and scale of the technical parameters; whilst also 
considering the ‘experience’ of humans and their behavioural interfaces within those engineered systems. 
Early investigations have confirmed that HFE and STS theory and methods are useful when attempting to 
design and evaluate city environments (Patorniti et al., 2018; Stevens et al., 2016; 2018). 
 
Researchers in HFE identify that STS approaches contain key features, including that they: consider 
behaviour as emergent properties; recognise that system and component performance is variable; and 
that systems are often hierarchical structures (Cherns, 1987; Read et al., 2013). These considerations of 
STS are applicable in the priorities for the planning and design of cities and towns (Stevens, 2016). More 
specifically the values of STS (Read et al., 2013), represent a significant alignment to the values 
expected for equitable, ecological, and economically viable built environments. These include - humans 
as assets in the system; technology as a tool to assist humans; promotion of quality of life; respect for 
individual differences; and significantly, responsibility to all stakeholders. 
 
Cognitive Work Analysis (CWA)  
The CWA framework is well established HFE approach. It is concerned with exploring systems 
boundaries and constraints and is based on the notion that making constraints explicit, and indeed 
exploiting them, can potentially enhance human performance (Vincente, 1999). It is a formative approach 
to the analysis and design of complex STS (Vicente, 1999: Jenkins et al., 2009), in that rather than 
analysing what a system currently does (descriptive modelling) or should do (normative modelling), it 
describes how a system could perform (formative modelling) (Stanton & McIlroy, 2012).  CWA consists of 
five phases (Table. 1), with a gradual transition from physical elements to cognitive considerations; 
working from the environment and layout, to goals and context, to human behaviours (Jenkins et al. 2009; 
Vicente 1999). For the purposes of this paper, only the first phase Work Domain Analysis (WDA) will be 
used. For a complete overview of CWA, see Jenkins et al., (2009). 
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Table 1. Five phases of Cognitive Work Analysis and tools used  
Phase Tools used 
 
1. Work Domain Analysis (WDA) 
Identifies the constraints on behavior that are imposed by the physical context and 
defines the environment that activity is conducted in (What, How, Why) 

 
Abstraction 
Hierarchy 
(AH)  

 
2. Control Tasks Analysis (ConTA) 
Addresses constraints on activity imposed by events (How, By Whom) 

 
Decision 
Ladder 

 
3. Strategies Analysis  
Addresses various ways of approaching the same activity and the way constraints 
influence the activity (How) 

 
 
Information 
Flow Map 

 
4. Social & Organization Cooperation Analysis (SOCA) 
Addresses constraints imposed by roles and structures in place and different factors 
may work together (How) 

 
 
All of the 
Above 

 
5. Worker Competencies Analysis (WCA) 
Addresses constraints by user behavior within the environment and what is required 
(What) 

 
 
Skills Rules 
Knowledge  

Source: adapted from Vincente (1999) 
 
Work Domain Analysis (WDA) 
WDA is a method that can be used to model complex (urban) sociotechnical systems by describing the 
purposive and physical constraints imposed on activity within it. The method involves constructing an 
Abstraction Hierarchy (forthwith described as the ‘WDA model’) of the system in question which provides 
a context and actor independent description of it. This means that in this first phase of analysis a WDA 
model is not concerned with contextual issues, e.g. night and day, seasonality or weather – it is simply 
describing and defining the domain – smart cities. The WDA model (Figure 1) describes the system 
across the following five levels of abstraction (Naikar et al., 2005): 
 
1. Functional purpose – The overall purpose(s) of the system. E.g. Smart People, Smart Mobility.   

 
2. Values and priority measures – The criteria that the system uses for measuring progress towards its 

functional purpose. E.g. Maximise Safety, or Maximise Business & Investment.   
 

3. Purpose related functions – The general functions of the system that are necessary for achieving the 
functional purposes. E.g. Social Interaction, or Commercial Opportunities. 
 

4. Object related processes – The functional capabilities and limitations of the physical objects within the 
system. E.g. Provide Shelter, Surface for Mobility, or Collect & Analyse Data. 
 

5. Physical objects – the physical objects within the system that afford the physical functions. E.g. 
Pedestrian Laneways, or High Speed Fibre Optic Network. 

  
The output provides a model of what activities can be performed within a system, but also how and why 
they are performed and with what. Through a series of ‘means-ends’ links, Figure 1, it is possible to 
model the ‘what’, ‘why’ and ‘how’ of the influence individual components can have within the overall 
system domain. 
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Figure 1. WDA and example of means-ends relationships in playgrounds 
 

 
Source: Missen et al., (2017) 
 
Method: Constructing a Work Domain Analysis model of complex urban systems 
The following method description is provided for two key purposes: 1. To allow the exploration and 
development of WDA models by the reader for urban systems of their own interest; and 2. To outline the 
approach utilised in the development of the smart city WDA model described in this paper. An eight-step 
methodology for developing a WDA model is outlined below and adapted from Naikar, 2005; Stanton, 
2018; and Stevens et al., 2018. See these sources for comprehensive advice. 
 
Step one: define the system and establish aims  
Clearly define the system under analysis and establish the aim of the project. Members of the research 
team must consult with end users and subject matter experts (SMEs) to discuss the aims and 
expectations of the project. The WDA model described in this paper aimed to establish an architype 
holistic smart city model which drew together the array of current approaches and expectations of this 
complex urban system. Such a WDA model allows for the examination and assessment of existing 
systems, or indeed the design of new systems in consideration of the assembled exemplar. 
 
Step two: anticipate project constraints 
Consider any logistical and financial constraints which may impact the scope of the WDA. Overcoming 
schedule and funding-based constraints will necessitate a well-defined and realistic project timeline, 
budget and careful management. 
 
Step three: define the system boundary 
The analytical boundary around the system under analysis must be defined. It must be broad enough to 
capture the system in detail yet narrow enough to remain manageable. When considering published case 
studies of urban systems using WDA they have ranged from – e.g. footpaths (Stevens & Salmon, 2015); 
playgrounds (Missen et al., 2017); main streets (Patorniti et al., 2018) to active transport infrastructure 
(Stevens et al., 2018).  
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Step four: locate data sources 
Identifying and utilising different sources of information to support the development of WDA is 
recommended (Naikar et al., 2016). Typically used data sources include document review (e.g. standards 
and guidelines, technical manuals) and analysis, observation, and interviews and focus groups with 
SMEs. The smart city WDA model presented here was developed from the academic literature on smart 
cities discussed earlier and the seven city indices and ratings tools also identified. The analysts included 
an urban planning professional with more than 40 years’ experience including the design and 
development of a smart city in the Middle East. An urban planning and human factors method specialist 
with more than 15 years practice and research experience; and a human factors and complex systems 
analysis expert with more than 20 years research experience.    
 
Step five: construct the WDA 
The WDA model can now be systematically developed by the analysts through the inclusion of key word 
‘nodes’ at each level. There is a software tool available for the development of the WDA, and for CWA 
more broadly (Jenkins et al., 2009). It is often useful to document a ‘data dictionary’ as a table of terms to 
allow for the more detailed description and attribution of the included nodes. Once the functional 
purposes and values and priority measures are described, it is generally easier to include the types of 
physical objects and purpose-related functions required. Table 2 provides a series of prompts for 
inclusions at each of the WDA hierarchy levels. These prompts are inherently useful for both the analyses 
of data in Step 5, and also in the determination of what data to include at each level in this Step 6. 
 

Table 2.  Example WDA prompts  
 
WDA hierarchy  Prompts Key words 

Functional Purpose For what reasons does the system 
exist? 
 

-purpose, goals, aims, objectives, rationale. 

Values and Priority Measures What criteria establish if the work 
domain is achieving its purposes? 
 

-measures, results, targets, laws and 
regulations, standards, criteria. 

Purpose-Related Functions What functions are required to 
achieve the purposes of the work 
domain? 
 

-function, roles and responsibilities, 
maintenance, tasks, activities. 

Object-Related Processes What processes are the physical 
objects in the work domain used for? 
 

-uses, components, processes, limitations, 
capacity, 

Physical Objects What are the physical objects or 
resources – both human-made and 
natural? 

-tools, equipment, infrastructure, fittings, 
facilities, layout, buildings, assets. 

Source: adapted from Naikar et al., (2016) 
 
Step six: refine the analysis 
To establish the links between nodes across each level a ‘means-ends’ approach is used. The means-
ends links are informed by a series of ‘how-what-why’ relations (Figure 2).  For example, in moving 
downwards through the WDA model, it is possible to ask: how is that functional purpose achieved?  Or, 
how is that purpose-related function enabled? With links to the nodes below answering that enquiry.in 
moving upwards through the system, the question may be: why is it important to perform that function?  
And, why is the functionality afforded by that physical object or resource necessary? With the links to the 
nodes above answering why. This is an iterative process and not only helps establish links between 
nodes but assists in establishing if nodes are correctly located at a particular level of the WDA model.  
 

Step seven: review and validation of the WDA 
Draft WDA models should be reviewed by appropriate SMEs. Often within a workshop setting, the SMEs 
should be asked to focus on each node within the model.  SMEs should first be asked if nodes are 
appropriate, and second to identify any missing nodes. Naikar (2016) highlights that this review by SMEs 
is also an appropriate strategy for validating the work domain model. For the present analysis the authors 
were both analysts and SMEs. A draft WDA model was established by two of the authors, they then 
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separately established the links across the levels. These links were discussed and debated until 
consensus was reached. This draft WDA model was then reviewed independently by the third author, 
with all three returning to undertake a half day workshop to discuss the draft WDA model again until 
consensus was reached.  
 
Step eight: detailed domain analyses 
Following the completion of the WDA model, depending on the aim and purpose of the project, it is often 
useful to use the analyses for either the assessment of existing systems, or to inform the design of 
proposed systems. As with the case study presented in this paper, the WDA model often represents the 
archetype system of what could be achieved – an ideal design template (Stevens et al., 2016). As such 
by way of comparisons it is possible to review existing systems and identify areas for improvement.  
 
Results 
The WDA model of an ‘ideal’ smart city is presented in Figure 2. It is presented over two pages to permit 
the entire figure to be included. While perhaps at first overwhelming, each level and its relationships will 
be discussed in turn. Note that the dependencies of the functional purpose node ‘foster innovation and 
provide employment opportunities’ are shown in red for illustrative purposes. 

 
The top level displays the overall purposes of an ideal smart city - its reason for existence. Eight key 
functional purposes were established; Smart People, Community, & Wellbeing; Smart Urban Form and 
Design; Smart Economic Activity & Innovation; Smart Culture & Creative Arts; Smart Environment and 
Resources; Smart Infrastructure Services & Management; Smart Transport & Mobility; Smart Governance 
and Participation.  
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Figure 2. WDA model of a smart city across five levels of abstraction (continued page 9) 
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Functional purpose 
The top level displays the overall purposes of an ideal smart city - its reason for existence. Eight key 
functional purposes were established; Smart People, Community, & Wellbeing; Smart Urban Form and 
Design; Smart Economic Activity & Innovation; Smart Culture & Creative Arts; Smart Environment and 
Resources; Smart Infrastructure Services & Management; Smart Transport & Mobility; Smart Governance 
and Participation.  
 
Values and priority measures 
The second level is in effect criteria that can be used to measure the progress towards the top-level 
functional purposes. Fifteen measures were identified (Figure 3). While some measures are readily 
verifiable, ‘maximise safety’, others are less easily quantified ‘maximise opportunities for residents and 
visitors’. 
 

Figure 3. Top 2 levels of the smart city WDA model 
 

 
Source: Authors 
 
Of interest is that no individual measure is shared by all purposes, highlighting the importance of a 
systems view of the smart city. As may be expected ‘maximise safety’ is a necessary measure for half of 
the purposes (4 of 8), linking to ‘smart people, community and wellbeing’; ‘smart urban form and design’; 
‘smart environment and resources’; and ‘smart transport and mobility’. Additional measures which 
connect to half or more of the purposes include ‘maximise individual and community wellbeing’ (4/8); 
‘maximise education, knowledge and research’ (4/8); and ‘maximise accessibility, efficiency, convenience 
and effectiveness’ (5/8).  
 
Conversely, in considering the efficacy of the measures to support the progress of the smart city system; 
many purposes rely on multiple measures. Indeed, none of the purposes is supported by less than three; 
while the optimisation of ‘smart people, community and wellbeing’ requires eight of the fifteen measures 
to mark its progress and value (Figure 3 – red links). These shared measures across purposes are an 
important perspective on how it is possible and necessary to move beyond disciplinary and 
compartmentalised understanding on the smart city. 
 
The identification of elements that are well linked is a significant advantage afforded by the development 
of the WDA model. It allows for stakeholders to consider the opportunities and implications associated 
with the prioritisation of specific aspects of the system. Further, it reveals elements that share 
complimentary values or functions and perhaps offer the best (policy) leverage within the system.  
 
Purpose related functions 
A total of 17 purpose-related functions were identified. These are the functions that the smart city must 
perform to achieve its values and priority measures and overall functional purposes. Interrogating the 
WDA model at this level, reveals much about the usefulness of this approach. Take for example the 
function of ‘allow social interaction and opportunities for culture and creativity’. In Figure 4, the integrated 
and interdependent nature of this function is revealed by examining the means – ends relationships. If 
this node is the question what, then the nodes that it connects to above (the values and priority 
measures) are why this function is undertaken – e.g. to maximise safety; maximise social capital; 
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maximise government, industry and community collaboration, etc. While the nodes below (object related 
processes) are how we allow ‘social interaction and opportunities for culture and creativity’ – e.g. 
generate human activity, access to public open space, mixed use urban areas, etc. The WDA model in 
Figure 4, also then further reveals which physical objects are required (bottom up); and which functional 
purposes (top-down) are also supported by ‘social interaction and opportunities for culture and creativity’.    

 
Figure 4. Mean-ends relationships of social interaction purpose related function 

 

 
Source: Authors 
 
The node ‘collect and analyse data’ is perhaps a quintessential smart city function. In this archetype WDA 
model this node connects to all the values and priority measures above, and all the object related 
processes below. This is in recognition that no matter what the process, it will generate data (digital or 
not) of one form or another. Whilst it may not currently be collected or analysed this model regards it 
necessary to consider the means to do so. The WDA model reflects that this data offers ways to support 
each of the values and priority measures.     
 
Object-related processes 
Object-related processes refer to the role that each object performs or the ‘affordances’ that they provide 
to support the smart city. Twenty-eight object related processes were identified; and of interest is the idea 
that these processes are often afforded by multiple objects and connected to multiple purpose-related 
functions.  
 
An example of how the WDA can support design is shown in Figure 5 via examination of two object-
related processes – ‘shade & shelter’; and ‘generate human activity. In the model ‘shade and shelter’ is a 
process afforded by ‘soft landscape’, ‘shading devices’, ‘hard infrastructure’, and ‘public art’.  Interestingly, 
these last two objects also afford the process of ‘generate human activity’. When considering the purpose 
related functions in the row above, both processes contribute to ‘city imagining and wayfinding’ and ‘allow 
social interaction and opportunities for culture and creativity’ (Figure 5). 
 
 

What? 

Why 

How 
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Figure 5. Example of object related processes and their system relationships 
 

 
Source: Authors 
 
Physical Objects 
At the bottom level of the WDA model thirty-seven physical objects were identified. Some examples of 
physical objects that represent the necessary resources for the architype smart city have been identified 
here as; ‘smart city command and control centre’; ‘digital & smart sensors and monitoring’; ‘renewable 
energy-based electricity’ and the necessary and significant adoption of ‘mobile apps and personal smart 
phones’.  
 
The essential elements of city design are also incorporated here including physical objects or elements 
such as ‘potable water sources’; ‘energy grid and network’; ‘built environment and urban form’; public 
transit system’; ‘public and private budget models’; and so on. Many of the physical objects also offer 
multiple object related processes, for example ‘digital development & planning regulations’ afford ‘building 
setbacks and active frontages’; ‘mixed use urban areas’; ‘collect and store data, rules and compliance’; 
‘3D visualisation & GIS platform’; and ‘provision for landmarks and place-making’. These objects which 
afford multiple processes are key elements in the system and offer very useful ways to optimise the 
design of complex urban systems.    
 
An Architype Model for Assessing and Designing Smart Cities   
The developed model represents a comprehensive amalgamation of the academic literature and 
commercial interest in smart cities. To date very few holistic understandings of smart cities have been 



13 
 

established. This is in part due to their complexity and as such this 21st Century paradigm of the modern 
city offered a valuable case study for the exploration of a STS approach to urban complexity. 
 
This lack of a comprehensive view and the continued discipline and discourse fragmentation has resulted 
in the limited realisation of smart cities approaches as strategic policy for cities. At present, global indices 
recognise and rank the approaches cities are taking, smart or not, and then anoint and rank the outcomes 
as global (smart) city indicators. It is clear in review of the range of these city performance reports that 
few can agree on the principal purposes, values or functions of a smart city. This paper has made an 
attempt at that task, and was enabled to do so via HFE insights, and a sociotechnical systems lens. 
 
The WDA model is offered here as a new approach to the assessment of existing, and the design of new 
smart cities. It provides for the first time, a way in which stakeholders and decision-makers can review 
and consider the implications of specific smart city elements. Indeed, while the values and priority levels 
of the model offer a way to explore the necessary measures that are most valuable in establishing the 
city, it is the purpose related functions that perhaps offer more strategic ways forward for action. At this 
level city leaders and city managers may begin to contemplate the interdependent nature of policy 
approaches which draw in the resources they have and offer the most leverage to the vision they would 
like to achieve.   
 
Due the size limitations of this paper, in the presentation of this work at the State of Australian Cities 
Conference 2019, the authors will further review the efficacy of the approach. There, it will be possible to 
detail how existing global smart cities, and their ranking criteria, can be mapped onto the WDA model. 
The authors have undertaken work to date exploring two case studies, Copenhagen and Singapore, 
which are consistent top 10 global smart cities. They offer very different approaches to community, policy 
and technology, yet achieve similar global city rankings - the WDA model has the capacity to map and 
highlight their complementarity and diversity.  
 
Conclusion 
The aim of this paper was to present a new approach to model cities as complex systems. It did this by 
developing a first of its kind WDA model of the smart city. This work sought to draw together the array of 
expectations and conceptualisations of smart cities and present them into a single architype model. The 
analyses revealed that WDA was able to usefully describe this complex urban system.  
 
This work has demonstrated the applicability and usefulness of applying sociotechnical systems thinking 
in the context of modelling cities. It is these authors’ opinion that the integration of sociotechnical systems 
approaches for exploring the complexity of urban systems provides new opportunities to better 
understand how they could be designed (Stevens et al., 2018; Stevens, 2016). Constraints, complexity, 
and emergent behaviours are concepts not routinely associated with urban development and cities; 
however, it is clear that they have much to offer when they are.  
 
Such an approach allows for an understanding of the interdependencies of intertwined functional 
purposes of an urban setting. Further, it lets multiple disciplines and indeed stakeholders to recognise 
their place within the system, and the impacts and influences of their decision-making. It makes sense 
that a systems approach would allow for greater insights into the development of urban form; and 
planning practice and research needs new ways to interpret built environments.  
 
In closing we recommend further applications of HFE methods to complex urban systems. HFE offers a 
new approach for achieving a more balanced sociotechnical outcome for current and future cities – a way 
to capture the human requirements of urban form. The HFE discipline presents a suite of accessible 
methods and the means to explore the inherent complexity of cities. In a rapidly changing world where 
smart cities are desired and urban megacities a reality, we need to explore the potential for new 
approaches to urban development.  
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