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ABSTRACT 

 
As systems become larger, more complex and integrated, the cost of failure increases 

rapidly, leading to a need for effective risk management tools. However, conventional 

risk management tools such as the ones based on hazard analysis or accident causation 

analysis have a narrow focus on either human or technical actors and on single causal 

chains at one organisational level. This led researchers to introduce the concept of 

Sociotechnical Systems (STS), involving the interaction of human and non-human 

technical components. The present study was conducted with the aim of developing 

ways of applying STS principles and STS-based methods to improve the risk 

management in large infrastructure projects. Initially, the sets of STS principles for the 

system design, which had been developed so far, were identified and then integrated and 

synthesised to produce a list of 20 core STS principles for applying them further in the 

current study. A comprehensive literature review of the work done in this field since its 

inception in the 1950s was then conducted, producing a unified list of 103 STS-based 

methods. These methods were then evaluated for their validity and visibility 

(occurrence).  

To identify and analyse major risks in complex infrastructure projects from an STS 

perspective, an observational case study of a large-scale collaborative design project at 

Heriot-Watt University was conducted, including running the surveys and interviews 

with the project participants. The aim was to find out if the presence or absence of the 

20 STS principles and 18 associated risk factors affected the performance of the teams. 

It was found that the team performance was strongly related to the presence or absence 

of STS principles that was supported by statistically meaningful results of a quantitative 

analysis. The same STS principles were then applied retrospectively to a second case 

study, which was the construction of the Edinburgh Tram Network, based on 

documentary sources and employing the AcciMap and Abstraction Hierarchy (AH) 

methods. It was concluded that failure to apply these principles and the resulting risks 

could play a major role in the failure to deliver the project on time and within budget. 

Finally, a five-phase framework was constructed for STS-based risk management 

framework of infrastructure projects, with the guideline principles aligning the existing 

risk management framework with STS theory. 
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CHAPTER 1 – INTRODUCTION 

1.1 Introduction 

 
The chapter covers the background to the research, statement of the problem, research 

aim and objectives, an outline of research methodology and the structure of the thesis. 

1.2 Background to the research  

 
The aim of this PhD study is to identify the sociotechnical problems/risks that can give 

rise to major incidents in infrastructure projects. Risks to infrastructure projects 

(highways, tunnels, power stations, electrical power grids, gas storage facilities, etc.) are 

numerous and can include from major budget and timescale overruns (e.g. in the 

construction of the Edinburgh Tram system, Sydney Opera House and Verrazano-

Narrows Bridge) (Lowe, 2010; Scotland, 2011; Boateng at el. 2017) to serious industrial 

accidents (e.g. the Deep Water Horizon oil spill disaster and Enschede fireworks 

disaster) (Gyo Lee et al.2018; Croisant et al. 2018; van Kamp et al. 2018, 2019).  

The problems or underlying risks that caused these overruns and accidents can be 

considered as sociotechnical problems/risks because they did not occur for purely 

technical reasons and neither did they occur due to purely social or people issues. They 

arose through the interaction of both.   

This study applies the theory of Sociotechnical Systems (STS) to study the challenges 

of managing complex infrastructure projects so that adverse project management and 

safety issues can be avoided. There is a critical need for research in this area. As 

infrastructure projects become larger and more complex, the cost of failure increases 

rapidly. Thus, there is an appetite for novel solutions and ways of thinking within which 

the sociotechnical perspective fits well.  

Risks in Infrastructure Projects 
 
What are the risks that need to be managed in infrastructure projects in order to avoid 

adverse outcomes? They include poor or undefined goals, changes in the scope of the 

project, lack of adequate skills among the project team members, lack of accountability 

and insufficient resources (Flyvbjerg, 2014), as well as inappropriate risk management, 

ambiguous contingency plans, poor communication and lack of stakeholder engagement 
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and challenging deadlines. It is clear these risks to the success of large-scale projects are 

not purely technical. On the contrary, they foreground the role of organisational factors 

and the behaviours of people within those systems. These organisational and 

behavioural factors are common and widespread in projects, yet they are difficult to 

resolve using existing risk management practices. This is the gap into which this 

research is directed. Moreover, it has been pointed out that “Traditional risk 

management tools are unable to cope with breakthrough projects or projects undertaken 

in fast-paced competitive environments where unforeseen uncertainty is unavoidable or 

seen as a risk worth taking…” (Davies, 2017, p.76.).   

Another problem arising from infrastructure projects and their inherent risks is their 

considerable impact on efforts to impelement the principles of sustaibale development. 

This calls for new methods and solutions to reduce this impact (Shen et al., 2010). It is 

suggested in this thesis that effective sustainability and reliability of the infrastructure 

projects could be delivered by applying the STS perspective into the projects. The first 

and most critical stage in solving a problem involved obtaining a clear understanding of 

the problem and its environment. This enable complex aspects of the problem to be 

identified before strategies are formulated to solve or mitigate it (Mumford, 2003) and 

effective risk management in infrastructure projects plays an important role in this 

process.   

Sociotechnical System (STS) Theory  

STS theory views systems as containing both social (human-related) and technical (non-

human) aspects (Read et al. 2014). These aspects include system elements such as the 

presence of human actors and organisational units, and the communication processes 

they use, and the documented information, work procedures and processes involved. All 

these elements interact together to work towards achieving a common goal of the 

system (e.g. Trist, 1981; Walker et al. 2008; Read et al. 2014; Zhao et al. 2016). STS 

theory was pioneered in the UK with studies performed by Trist and Bamforth in 1946. 

Throughout the 1970s and 1980s the field grew dramatically, becoming the preeminent 

technique for organisational redesign, with numerous large-scale examples of success.  

The basis of STS theory is that the only way to improve the design and performance of 

new systems and ensure their satisfactory working in practice is to bring together the 

‘social’ and ‘technical’ aspects and to acknowledge their interdependence as essential 

aspects of a work system (Emery, 1959; Pasmore et al. 1982; William, 1995; Carden et 
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al. 2017). In other words, treating the social and technical aspects of the system as 

interdependent will produce better results than trying to optimise each aspect separately 

(Trist et al. 1951; Trist, 1981; Baxter et al. 2011). This process known as joint 

optimisation (William, 1995; Badham et al. 2006; Johnson, 2009). The emergence of 

STS principles stemmed from the desire to guide attempts to restructure systems or 

assess the state of pre-existing systems in terms of joint optimisation human and 

technical aspects (Imanghaliyeva et al. 2019).  

Since the early formulations of STS a considerable number of organisations have 

embraced STS principles and methods. Two of the largest scale and most famous 

examples are Volvo and Olivetti. In the former case, an entire production plant was 

designed around key STS Principles such as responsible autonomy, meaningfulness of 

tasks and adaptability. Instead of the traditional production line, with workers focused 

on the completion of a narrow range of tasks, car building was organised into small 

groups with a team responsible for constructing an entire vehicle. Productivity in this 

scheme was high, as was the ability to adapt to changes.   

Fuelled by leading case studies such as that at Volvo, the 1960s and 1970s saw further 

successes in this area, with many other organisations embracing the approach and a 

sufficient number of practical examples of STS application to warrant meta-analyses, all 

of which showed sometimes dramatic improvements in productivity (Mumford, 2006). 

For a while, STS was akin to the business process re-engineering approaches which are 

more familiar today, such as Six Sigma or TQM. This picture has changed, however, 

and from the late 1980s into the 1990s STS faded such that many employees in the 

organisational environment still work in routine jobs, where there is a high degree of 

control and little opportunity for personal development (Mumford, 2006). This has 

created a vacuum which the current research aims to fill. Infrastructure project risks 

contain many features that STS researchers would recognise: a technically optimised 

system of organisation and management that gives rise to STS pathologies such as 

inefficiency, rigidity, cost overruns, safety issues and a poor end project. Applying STS 

theories and principles in this domain should yield some significant improvement in 

terms of project risk reduction.    

These different strands – STS and infrastructure project risks offer an exciting research 

agenda. The STS approach, despite its strong theoretical and empirical underpinnings 

and legacy of practical, real-world success, has not so far been applied within this 

domain. On the other hand, the management of infrastructure project risks is a priority 
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research area in which solutions to sociotechnical risks are actively sought. The 

possibility to blend these two strands is considerable.  

1.3 Statement of the Problem 

The literature reviewed for the current study revolves basically around (i) a 

sociotechnical system design approach; (ii) sociotechnical system design in a work 

system; (iii) the principles of sociotechnical system design; (iv) systems organisational 

behaviour; (v) sociotechnical systems perspective for systems failure; (vi) complexity in 

projects; (vii) providing sustainability in projects/systems. Overall, 102450 articles have 

been reviewed and as a result of this the following more specific problems have been 

identified:  

• There is still a lack of in-depth research that investigates the sociotechnical approach 

as it applies to infrastructure projects (Imanghaliyeva et al. 2019). In other words, the 

connection between STS and infrastructure projects has yet to be made in any 

substantial way.   

• There is a gap in research to identify and analyse the complex risks that arise as a 

result of lack of STS ‘joint optimisation’.   

• It is generally accepted that “…adopting a socio-technical approach to system 

development leads to systems that are more acceptable to end users and deliver better 

value to stakeholders” (Baxter et al. 2011). However, there are still existing problems 

regarding the usability of STS-based methods and, indeed, awareness of what 

constitutes an STS-based method. There is currently no comprehensive ‘toolkit’ that 

practitioners and researchers can select from.  

• There are relatively few empirical studies examining sociotechnical phenomena and 

none which do so in relation to infrastructure project risks.  

1.4 Rationale, significance and purpose of the research  

In blending the STS approach with the problem of infrastructure project risks, the 

research aims to deliver the following contributions to theory, methods and practice:  

Contributions to Theory: 

• Presenting the synthesised new list of 20 key STS principles (see Chapter 3).  
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Contributions to Methodology 

• Organising 103 STS-based methods identified between 1951 and 2019 into a 

unifying framework (see Chapter 4).  

Contributions to Practice  

• Defining the importance of the 20 synthesised STS principles in the case studies 

(see Chapters 5 and 6) and presenting the STS-based risk management 

framework (see Chapter 7), designed for the use by practitioners.  

1.5 Research aim and objectives  

This aim of the research is to apply Sociotechnical systems theory to the diagnosis of 

infrastructure project risks. In order to fulfil this aim, the following objectives will be 

pursued: 

• review the knowledge base in STS and justify the research through the identification 

of gaps;  

• integrate and synthesise existing STS principles for system design in readiness for 

applying them in the current research; 

• review the available STS-based methods developed between 1951 and 2019 and 

demonstrate the visibility (occurrence) and validity of these methods 

(Imanghaliyeva, 2020a); 

• identify and analyse the important complex risks in infrastructure projects from an 

STS perspective; 

• to revisit the evidence in favour of STS-based methods when applied to real work 

systems; 

• to develop STS-based risk management framework for an infrastructure project to 

improve management of the identified and analysed key risks by incorporating STS 

principles.   
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1.6 Outline of Research Methodology 

Table 1.1: Research objectives addressed by the methodology 
 
№ Objective Methodology Information collected 
1 Review the 

knowledge base in 

STS and justify 

the research 

through the 

identification of 

gaps  

 

Literature reviews, 

documentary analysis, 

reports. 

 

Refinement of goal, 

objectives, scope, 

problem identification 

and research questions.  

2 Integrate and 

synthesise 

existing STS 

principles for 

system design in 

readiness for 

applying them in 

the current 

research 

(Imanghaliyeva et 

al., 2019).  

 

Literature reviews, documentary 

analysis.  

The high-level search topics centred 

around (i) sociotechnical system design 

approaches; (ii) sociotechnical system 

design in work systems; (iii) the 

principles of sociotechnical system 

design; (iv) organisational behaviour. 

These high level topics were kept 

deliberately broad in order to harness 

principles that exist beyond the confines 

of only highly specialised STS literature. 

The following targeted keywords were 

used in the initial stages: sociotechnical 

system, sociotechnical system principles, 

organisational design, and safety issues in 

system, social relationships around work, 

relationship between people and systems, 

technologies, tools and the environment.   

Identification of ‘mainstream’ 

STS principles; the initial review  

established that the set of 

principles proposed by Trist and 

Bamforth (1951), Cherns (1976, 

1987), Davis (1977), Berniker 

(1996), Clegg (2000), Walker et 

al. (2009), Read et al. (2015) 

and Waterson and Eason (2018) 

are quite persistent and been 

used in a comparatively 

unmodified form; the review 

found that  no previous work on 

synthesising or integrating the 

principles exists in the 

mainstream (or indeed the 

available specialist) literature. 

Comparing the set of principles; 

identifying the similarities and 

differences of the principles, 

obtaining an integrated or 

synthesised set of principles.  

 

3 Review the 

available STS-

based methods 

developed 

between 1951 and 

2019 and 

demonstrate the 

Literature reviews, documentary analysis, 

conducting a toolkit approach of the 

research. 

The STS-based methods review is focused 

widely, drawing on approaches such as 

specialist STS methods, human factors, 

complex systems methods, design methods, 

Refinement of goal, objectives, 

scope, and problem- in this it was 

found that STS field does not lack 

methods but it does lack a 

coherent approach to selecting 

and combining those that are 

available to meet the specific aims 
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№ Objective Methodology Information collected 
visibility 

(occurrence) and 

validity of these 

methods 

(Imanghaliyeva, 

2020a).  

 

information systems methods, the social 

sciences, organisational and management 

studies as well as safety, risk and reliability 

approaches. The former, generally speaking, 

operated at the qualitative end of the 

spectrum while the latter tended to be more 

quantitative in nature. This is a significant 

undertaking and will make an important 

contribution to integrating the field: stated 

simply, there are numerous STS-based 

methods, but very little work on organising 

them into a unifying framework. 

 

of the study and research 

questions.  

 

 

 

4 Identify and 

analyse the 

important 

complex risks in 

infrastructure 

projects from an 

STS perspective 

(Imanghaliyeva, 

2020b). 

 

Case study analysis, running the 

questionnaire survey and in-depth 

interviews with project coordinator and 

project participants of the Collaborative 

Design Project at Heriot-Watt University in 

Edinburgh, Scotland.  

Findings from a large-scale 

collaborative design project 

confirmed that the application of the 

STS principles affected the 

performance of the project teams 

and that it was a valuable approach 

for addressing the project design 

problems. In particular, the success 

or failure of the teams was found to 

be strongly related to the presence 

or absence of the STS principles in 

the teams’ work. In addition, the top 

eight most critical STS principles 

and associated risk factors affecting 

the team performance in the project 

delivery were identified. 
5 To revisit the evidence in 

favour of STS-based methods 

when applied to real work 

systems  

Literature reviews, 

documentary analysis, 

case study analysis.  

The case study chosen to 

address this objective was the 

Edinburgh Tram Network 

(ETN) project, which failed to 

meet the time and budget 

targets originally set. Two 

STS-based methods –AcciMap 

and Abstraction Hierarchy 

(AH) selected from the 103 

The findings of the case study have 

been shown that AcciMap and AH 

can be used as effective tools in 

analysing the reasons for the ETN 

project failures. It was confirmed 

the importance of the STS 

principles. It was concluded that the 

failure to apply these principles had 

increased the likelihood of risks 

occurrence and, thus, had a severe 

impact on the project delivery. As 

an outcome of this study, STS 
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№ Objective Methodology Information collected 
STS-based methods (see 

Chapter 4), have been applied 

to analyse the performance of 

the ETN project.  

principles were ranked in 

descending order in terms of their 

criticality for the ETN project 

delivery (Table 6.11). The top eight 

most critical STS principles, which 

absence negatively affected the 

ETN project delivery, were found. 

 

6 To develop STS-

based risk 

management 

framework for an 

infrastructure 

project to improve 

management of 

the identified and 

analysed key risks 

by incorporating 

STS principles 

Literature reviews, Case study analysis 

(Collaborative Design Project and 

Edinburgh Tram Network case project).  

 

 

Based on existing risk management 

frameworks, an STS-based risk 

management was developed, 

including guidelines for its 

application at each phase of the 

management process (Figure 7.1). 

The guiding principles of this new 

framework were based on aligning 

the existing frameworks with STS 

theory and making use of existing 

STS-based risk management 

methods in a way that would 

provide practical guidance for 

participants in infrastructure 

projects.   

 

1.7 Structure of the Thesis 

The remainder of the thesis is organised as follows: 

• Chapter 2 explores and defines the concept of the Sociotechnical System (STS), 

sociotechnical risks, and infrastructure projects. It lays the contextual foundations for 

this study.     

• Chapter 3 identifies the existing STS principles. It integrates and synthesises these 

principles for system design in readiness for applying them in the current research 

(Imanghaliyeva et al., 2019). 

• Chapter 4 provides an up-do-date review of STS-based methods (Imanghaliyeva, 

2020a). It evaluates the STS-based methods in terms of their visibility (occurrence) 

and validity, strengths and weaknesses. This chapter also maps the synthesised STS 
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principles from Chapter 3 to relevant STS-based methods and develops a deep 

understanding of how different methods function in different situations.  

• Chapter 5 presents the data analysis of the case study, including the findings of the 

questionnaire survey and the interview findings from the various team members of 

the Collaborative Design Project. In particular, it detects the presence of the STS 

principles in team performance, detects the possible emergence of STS principles 

during the team discussions, and evaluates the teamwork processes of the team 

members, as well as examining their effectiveness (Imanghaliyeva, 2020b). It also 

presents the findings regarding sociotechnical risk factors affecting the performance 

of the Collaborative Design Project along with the recommendations from the project 

participants on how to effectively manage the sociotechnical risks and concludes 

with a summary of the research findings. 

• Chapter 6 detects the presence of a lack of joint optimisation in a real-world case 

and how STS principles could be applied to address this. It applies the STS principles 

on the case of the Edinburgh Tram Network (ETN) project in order to detect the 

involvement of STS principles in ETN failures. This chapter also defines whether the 

STS methods such as AcciMap and AH can detect the STS issues in a real-world 

case study and investigates the effectiveness of these methods on complex risk 

identification in ETN. 

• Chapter 7 explains how the STS-based risk management framework for 

infrastructure projects was developed, in fulfilment of the research objectives 

together with the underlying principles and rationale behind its development.  

• Chapter 8 summarises all the research findings obtained and discusses the extent to 

which they met the specific research objectives and fulfilled the overall aim. It 

includes some suggestions for how it can be implemented, identifies limitations of 

the research and suggests some directions for future research followed by the final 

conclusions. 
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CHAPTER 2 – A SOCIOTECHNICAL SYSTEM PERSPECTIVE IN 

INFRASTRUCTURE PROJECTS  

2.1 Introduction 

The current chapter begins by considering the nature of infrastructure and why risk 

management is so crucial in large infrastructure projects. It also examines the 

conventional risk management approaches and their limitations, especially in large 

complex infrastructure projects. It then considers the systems approach and its 

application and addresses the research question: ‘What can STS contribute to 

infrastructure projects?’ 

The chapter outlines the development of the STS approach and discusses the role of 

STS in infrastructure projects. The chapter also aims to emphasise the vital importance 

of including a sound risk management process in the procurement stage of large 

infrastructure projects. The significant role played by risk and uncertainty in the design 

of STS is also emphasised. 

The chapter lays a theoretical foundation regarding how the STS perspective in 

infrastructure projects can be used to increase the likelihood of the projects being 

delivered successfully. First the ground is laid for a consideration of the STS approach 

by reviewing the systems-based approach in terms of its rationale, historical background 

and basic concepts. Finally, the potential contribution of the STS-based approach to the 

successful delivery of infrastructure projects is discussed.   

2.2 Risk management in infrastructure projects  

2.2.1. What is ‘Infrastructure’?  

Modern society is largely dependent on well-functioning infrastructure projects, as they 

are of major importance for everyday life, economic prosperity and national security. 

The term ‘infrastructure’ has various meanings.  

According to ISO 9000 and SO/TS 22375, ‘infrastructure’ is a “system of facilities, 

equipment and services needed for the operation of an organization”, where the term 

‘system’ is defined in ISO 9000 as a “set of interrelated or interacting elements”, while 

a ‘facility’ is explained as “plant, machinery, property, buildings, transportation units, 

sea/land/airports and other items of infrastructure and related systems that have a 

distinct and quantifiable business function or service”. Thus the term ‘infrastructure’ 
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includes the structures that provide power supplies (such as gas and electricity), and 

water supplies, together with sewage and waste disposal facilities as well as 

communication and transport networks (land, sea and air) (World Bank, 2013). Wider 

definitions have also been adopted, such as that by Hayes (2005), whose definition also 

includes mining, farming and food industries, in addition to the networked industries. 

In practice, the way infrastructure is defined may depend on the disciplines and 

professional fields of those involved. Thus, there are large differences in the usage of 

the term ‘infrastructure’ (Marshall, 2012). For town planners, it may involve all the 

physical requirements for a new development. This might include social infrastructures, 

such as the availability of educational and medical services, as well as the physical 

infrastructure of roads and water and power supplies and sewage disposal facilities. 

Construction engineers may see infrastructure as only the physical infrastructures that 

are their usual concern, such as roads and buildings, railways and waterways and 

sewers. However, economists may take a different perspective and regard infrastructure 

as comprising all the elements that support the economy and would include not only the 

built environment generally and facilities for educating and training the work force. In 

this wider definition, not only houses but also universities become parts of 

infrastructure. Infrastructure is a foundation for a country’s economic development and 

growth; hence, there is a necessity to promote sustainable development of infrastructure 

projects. Table 2.1 from RREEF - the infrastructure investment arm of Deutsche Bank, 

illustrates this.  

Table 2.1 Classification of infrastructure assets by a leading fund operator, RREEF 

(Source: RREEF 2005 Understanding Infrastructure, from RREEF internet pages, 

2008).  

Economic Infrastructure 
Social infrastructure 

Transport Energy and Utility Communications 
Toll roads                

Bridges                  Tunnels                                

Sea ports          Airports                             

Rail                                    

Ferries 

Gas                                                        

-  Distribution                               

-  Storage         Electricity                                     

-  Generation                                 

-   Distribution       Water                                                          

-  Treatment                                                       

-   Distribution 

Cable networks    

Satellite systems 
Healthcare facilities   

Education facilities    

Housing                                           

Judicial and correctional 

facilities 
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2.2.2. Why do we need risk management?  

There is evidence that as infrastructure projects become larger and more complex, the 

number of project failures increases (for example, Cannon, 1994; Wood et al. 2010; 

Rodríguez Montequin et al. 2018). This is mainly due to inadequate management of 

uncertainties and the associated risks that are inherent to all stages of a project from the 

feasibility study to the exploitation stage of the project (Beckers et al. 2013). A critical 

problem is the failure of project owners to understand the potential knock-on effect of 

risks generated at one stage of the project on subsequent stages of the project. 

According to ISO 13824, ‘risk’ is a “…combination of the probability or frequency of 

occurrence of an event and the magnitude of its consequences”, while in ISO 31000 risk 

is defined as the “effect of uncertainty on objectives”. In common language the notion 

of ‘risk’ implies different understandings, including hazards, failures, opportunities, 

complexities and uncertainties. Although most of these understandings have negative 

connotations, the modern understanding of risk can also include positive outcomes. In 

fact, Dowd (1998) even views ‘risk’ as a neutral concept that covers unlikely 

possibilities of both loss and gain and suggests that risk management involves choosing 

to avoid, mitigate, accept or transfer the risk. According to ISO 31000, ‘risk 

management’ is defined as comprising “coordinated activities to direct and control an 

organization with regard to risk”.  

Analysis of troubled or failed projects, using examples from around the world, is 

provided in the ‘Catalogue of Catastrophe’ (http://calleam.com/WTPF/), established by 

the International Project Leadership Academy. This analysis reveals that failure or risk 

may emerge at the earliest stages of a project due to ‘underestimation of the 

complexities of the project’. The complexities may lead to failure to complete the 

project and influence the project’s quality, along with cost overruns. These findings 

illustrate that the risk management implementation process is necessary throughout the 

project life cycle. It is an essential process that mitigates and minimises losses and 

prevents unlikely outcomes of the project. Raimonds et al. (1999) suggest dual benefits 

arising from the risk management process: not only does it provide a mechanism for 

analysing and managing risks, but it also provides a common language among 

participants for communication across a project with a complex structure.  

http://calleam.com/WTPF/
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2.3 When conventional approaches are not enough: Developing systems thinking 

Mritunjay (2012) argues that “… most organisations need to redefine the risk 

management value propositon in this rapidly changing world”,  as the traditional 

approaches are not sufficiently holistic as because they are designed to 

compartmentalise risks and treat them separarately. Similarly, Simona-Iulia (2004) 

points out that traditional risk management is a fragmented approach, which does not 

allow all relevant risks to be treated together, taking into account their 

interdependencies. In this context, it is also worth noting that most of the risk 

management and risk assessment techniques included in BS EN 31010 do not always 

provide solutions for the most serious and complex issues faced by systems, 

organisations or projects, as explained below. Moreover, Williams (2005) and Xian-

Cheng Yao et al. (2009) suggest that “…for projects that are complex, uncertain, and 

time-limited, conventional methods might be inappropriate”, i.e., more systemic-based 

approaches are needed.  

For Leveson (2004) a key weakness of conventional approaches to risk management is 

their reliance on  “…an accident model that focuses on failure events in static 

engineering designs and linear notions of causality”. She argues that they are focussed 

on accidents caused by component failures. This means that such approaches do not 

have the capacity to include in their analyses the complexities arising from human 

decision-making errors. These approaches may also fail to consider the presence of 

organisational risk factors and system accidents. According to Perrow (2011), system 

accidents are the accidents, which can arise as safety procedures are gradually adapted 

and become degraded over time. Thus, accidents in complex systems are the result of 

their dynamic nature and sequences of interactions that are non-linear. This level of 

complexity cannot be fully captured by traditional accident prevention approaches. The 

shift to a high-risk state is not the result of any particular decision which has been made 

but is simply the result of a sequence of choices which accumulate the risks present in 

the system until its risk level becomes high. At this point, almost any slight mistake or 

deviation from procedures can result in a major incident. Thus, risk management 

methods and tools need to take into account this dynamic view of the adaptive and 

reactive nature of systems and reflect a more comprehensive understanding of accidents, 

and the safety constraints required as organisations adapt to achieve their ends and to 

react to both environmental and internal changes (Leveson, 2004).    
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When we take a closer look at the implementation of the traditional risk management 

approaches to the successful design of high performing infrastructure projects, certain 

limitations arise.  

Based on the views of managers and employers, with personal experience of traditional 

organisational risk management approaches, Mohr et al. (2016) identify these key 

limitations of traditional approaches:  

• Their top down nature, where senior staff do something to those at lower levels.   

• their lack of analysis of the social or technical systems, means they do not 

sufficiently consider the operational aspects of the processes involved in making 

their products or providing their services and 

• their preoccupation with the structure of the hierarchy, in terms of authority and 

reporting relationships when making changes, rather than taking into account the 

wider possibilities offered by the STS. 

Moreover, according to this study, experience suggests that the likelihood of 

successfully achieving a high-performing organization by using such traditional 

approaches is low, because these approaches (Mohr et al. 2016): 

• do not include a detailed operational analysis which reflected the work practices 

currently in use in the organisation; 

• fail to provide the opportunity for meaningful participation by the operatives, staff 

and line managers most closely involved in the operational processes;  

• are focused on solving only immediate problems or considering them 

retrospectively, rather than developing the organisation’s capacity to respond flexibly 

to future challenges. 

 

Thus, organisations employing these methods fail to engage the levels of support and 

commitment that are needed to implement successful risk management procedures. This 

is partly due to the false assumption that the required results can be achieved merely by 

adjusting authority/reporting relationships. Furthermore, such traditional methods tend 

to use “analytic perspectives that make the “designers” prisoners of their own histories, 

cultures, and traditions” and reflect an underlying orientation which emphasises what is 

fixed and therefore constrains the development innovative and creative mindsets needed 

to effect successful organisational changes (Mohr et al. 2016 p.28-29).  
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The conventional methods focus mainly on technical aspects of a system. However, 

non-technical aspects of the system are also of importance for its successful delivery. 

Simply put, it is recognised that the majority of failures of large systems or projects to 

deliver within agreed time limits and budgets and to meet the expectations of their 

stakeholder, are due not only to failures of technologies, technical equipment or design 

processes but also due to a lack of recognition of the social and organisational 

complexity of the systems. To be precise, apart from technical risks, projects are 

subjected to organisational risks as well (Benaroch et al. 2006; Sharma et al. 2012; 

Taherdoost et al. 2018). Many authors have argued that the unpredictable actions and 

attitudes of people pose problems in managing risks successfully, as we need to 

understand the effects of these factors as well as knowing about the risks themselves (de 

Bakker et al. 2010; Thamhain, 2013; Vrhovec et al. 2015; Taherdoost et al. 2018). 

Failure to recognise this leads to poor, ineffective and inefficient systems design or user 

interfaces (van Eijnatten, 1994).   

To cope with complex and unexpected risks, some researchers (e.g. Choo, 1988; Sherif, 

2006; Massingham, 2010) suggest the use of complexity theory to address the 

shortcomings of conventional risk management. According to McElroy (2003), 

complexity theory can be applied to improve decision making in the area of risk 

management. The fundamental idea of complexity theory is focused on systems 

thinking, which perceives the system/infrastructure project as a whole (Senge, 1994; 

Checkland, 2006; Johansson, 2010).  

 

2.4 Developing the systems-based approach   

2.4.1. Systems-based Approach of Scientific Inquiry  

General systems theory as a mode of scientific inquiry was first developed in the 1950s, 

when its main concepts and principles were formulated. Although systems ideas are 

shared in a wide range of disciplines, including biological and information science and a 

range engineering contexts, there they have much in common Banathy (2000a). This 

has led to the understanding that it is necessary to have an interdisciplinary approach to 

research that can handle the increasing complexity of systems that cannot be addressed 

in the confines of a single discipline. This has led to the developments of a systems-

based approach to scientific inquiry, that takes into account the interdependence of the 

elements of a complex problem and its extensive ramifications (Oladokun, et al. 2018). 
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The architecture of the systems-based approach incorporates three inter-related 

domains. The scientific basis is founded on systems theory and systems philosophy, 

while systems methodology offers tailored ways to implement this approach. The 

rationale and background are discussed below, together with its components how it 

classifies systems into different types. 

2.4.2. Rationale Behind the Systems-based Approach to Scientific Inquiry 

The aim of scientific endeavour is to acquire knowledge about the world which has been 

tested to confirm or validate it (Clayton et al. 1996). The classical method of scientific 

inquiry, developed in the 17th and 18th centuries has been used to study and gain an 

understanding of complex phenomena.  

The key defining characteristics of science are generally accepted to be: ‘replicability’, 

‘refutability’ and ‘reductionism’ (Clayton et al. 1996). Descartes promoted reductionism 

in his ‘Discourse on Method’ in 1637, where he set out its four key precepts, which are 

in Oladokun et al. (2016, p.15):  

• “Accept only that which you are certain of; 

• divide a topic into as small parts as possible; 

• solve the simplest parts first; 

• make as complete lists as possible”.  

 

As the philosophical basis of scientific inquiry, this method was the foundation of the 

industrial and technological revolutions that followed. It was generally accepted that 

breaking down complex entities into small parts and studying them separately was the 

best way to achieve an understanding of the whole (Panagiotakopoulos, 2005).  

However, as the degree of complexity in the ‘real world’ was revealed in the previous 

two centuries, scientists found that the classical orthodoxy no longer had the capacity to 

fully explain the world as it was now known (Panagiotakopoulos, 2005). This was 

because the reductionist approach was could no longer offer satisfactory explanations of 

the ‘wholeness’ which resulted from the interactions amongst its ‘parts’ (Banathy, 

2000a). Thus, we need to understand how these parts are related to the overall situation 

to fully understand the reasons behind a specific problem and its continuation (Skyttna, 

2006). Although this argument contravenes the classical notion of the simple building 

blocks of scientific reductionism (Capra, 1996), it has been increasingly accepted that 

more complex tools are needed, which are more aligned to the dynamic nature of 

interconnected systems and the environments they operate (Banathy, 2000a). Growing 
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acceptance of this view has led to a shift away from the traditional classical approach to 

an approach that focuses on the study of the ‘whole’ (i.e. the system) rather than mainly 

on the study of ‘parts’ (components of the system) (Banathy, 2003). This new focus 

enables multi-dimensional mapping of the situation, which enables information and 

insights from different disciplines and domains to be integrated into a multi-dimensional 

framework. Thus, by using the systems approach we can capture the complexity and 

multidisciplinarity of project-related problems. 

2.4.3 Historical background of the systems-based approach of scientific inquiry  

The idea of general systems theory was pioneered in the work of a biologist, Ludwig 

von Bertalanffy in 1932 (Banathy, 2000b). The realisation that this theory was capable 

of accommodating ‘messy’ complex problems led to it being taken up and applied by 

pioneers in other scientific fields (e.g. Ashby, Boulding, Fagen, Gerard and Rappoport).  

As explained above, systems theory is founded on the conception that a whole system is 

more than simply the sum of its parts. This is in contrast with the assumptions of the 

classical methods of scientific inquiry, which are based on the premise that cause and 

effect are linear and, thus, study parts (Leveson, 2011).  

Banathy (2000a) argues that this assumption of linearity, involving a simple, 

deterministic notion cause and effect is inadequate in taking into account the 

multiplicity of interactive variables involved in complex, dynamic systems, which are 

non-deterministic and expansionist in nature. In contrast; thus a systems-based approach 

is more suited to identify and represent the complex dynamics and non-linear behaviour 

of systems (Oladokun, 2014). Banathy (2000a) used ideas of earlier works to devise a 

diagram of the key differences between the classical and systems approaches to 

scientific inquiry (shown in Figure 2.1.), in terms of their main focus, modes of inquiry, 

the type of reasoning they employ, the rules that guide their methods, the ‘goal’ of their 

inquiry and  how they regulate the progress of their enquiry, known as ‘control’ 

(Oladokun, 2014). 
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Figure 2.1 Key distinctions between classical and systemic orientations (adapted from 
Banathy, 2000a).   
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2.4.4. Components and Characteristics of Systems-based Approach 

From the basic concepts of the systems-based approach explained in the previous 

subsections, it is clear that this approach is anchored in identifying and understanding 

many interrelated components, whose properties may be altered if the system is 

obscured in any way (Waterson, 2009).  

Using the studies of Turner (1978) and Blockley (1998), Waterson (2009) identified 

three key components of the system-based approach and their characteristics, as shown 

in Figure 2.2, which are: 

• Input-output processes – this component is related to the existence of various 

relationships between systems inputs and their subsequent outputs. 

• Whole-part relationships – this is based on the premises that the component parts of 

a system need to be analysed in order to understand how the system as a whole 

works and that (Gibson, 1979) the whole is much more than the sum of its parts 

(Banathy, 2000a), due to the inherently complex, dynamic and chaotic nature of their 

relationships (Sinclair, 2007). Thus, major elements of this component include 

holism, entropy and the elements of the system itself.  

• Connectivity between elements – this component enables the complexity of the 

systems to be represented and understood (Katz et al. 1966), by making the 

interrelationships of the different elements visible and classifying them in terms of 

their hierarchical structure, how they interact with each to reveal the causal network 

that arises from their mutual feedback. 

It can be seen that these elements and their characteristics are highly relevant to the 

problem being investigated in the present study (see Chapter 1). 

 

Figure 2.2 Characteristics and components of the systems approach (adopted from 

Waterson, 2009).   
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Further characteristics are captured in the descriptions of the behaviour of systems 

offered by Wilson et al. (2007) and Walker et al. (2008). They suggest that when a 

system is viewed as an integrated whole, the interactions of its functional parts lead to a 

dynamic situation, where there is a flow of energy, material and information. As in 

physical systems, these forces seek equilibrium. There are also flows in and out of the 

system, as its boundaries with the surrounding environment are permeable. The system 

is thus liable to exhibit erratic behaviour as its dynamic equilibrium. 

2.4.5. Types of Systems 

Systems can be classified into hard and soft systems (Decleris, 1986). Hard systems are 

technical and physical systems, which makes it possible to quantify their elements 

exercise full control over their behaviour (Panagiotakopoulos, 2005). The limitation of 

such systems is that they cannot easily consider variables that cannot be quantified. 

In contrast to hard systems, soft systems can deal with qualitative aspects of a problem. 

They can help to capture and understand variables that cannot be quantified, such as 

those related to opinions or cultures. To capture and study such variables and their 

interaction, the concept of ‘Sociotechnical System (STS)’ was developed as a systems-

based approach to handle the complexities involved in the interaction of ‘human’ and 

‘machine’ and offer a combination of quantitative and qualitative research strategies 

The theory supporting the use of STS approaches is described and discussed in the 

section that follows. 

 

2.5. Evolution of the Sociotechnical Systems (STS) based approach 

2.5.1. STS Theory 

STS theory has evolved over the years among sociologists specialising in a novel area 

of academic study; these scholars are known as “sociologists of technology” (Dwyer, 

2011). It was widely believed that engineers/technologists were prone to overlook the 

importance of social aspects of their work, while social scientists had little technological 

knowledge and were, prone to disregard the artificial reality of technical objects 

(Ropohl, 1999). The aim of STS theory was to combine and reconcile the two 

standpoints. The remainder of this section explains the historical background and basic 

concepts of STS theory and the domains in which it is applied. 
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2.5.2. STS: Historical background 

The notion of ‘STS’ was originally introduced by group of researchers from the 

Tavistock Institute of Human Relations in London as a new model to study and 

restructure labour practices in a number of UK coal mining fields (e.g. Trist et al. 1951; 

Emery, 1959; Trist, 1963, 1981; Heller, 1997; Waterson, 2005; Badham et al. 2006; Ian, 

2010; Pasmore et al. 2019).  

During the UK’s post-war industrial reconstruction period (in the late 1940s and early 

1950s) the country’s economy was not showing particularly good results. At that time, 

coal was an important energy source, being plentiful and in cheap supply. However, 

rather surprisingly, it was found that increasing the level of mechanisation led to a 

decrease in productivity (Herbst, 1974). There were frequent labour conflicts and there 

was a significant drift of miners leaving to seek more attractive opportunities in 

factories. Among the remaining miners, the absentee rate reached 20%. Thus, the 

National Coal Board commissioned the Tavistock Institute to undertake a comparative 

study of two mines, where one was high producing and the workforce exhibited high 

morale and the other low producing, with low morale, but these mines were equivalent 

in other respects (Trist et al. 1951). To undertake the study, the Institute set up two 

action research projects initiated by the Human Factors Panel of the Committee on 

Industrial Productivity set up by the Lord President of the Council under the Scientific 

Adviser to the Government (Trist et al. 1951; Trist, 1981). The first project was an in-

depth study of group relations in a private sector engineering company, including the 

management/labour interface, with a focus on considering the organisation solely as a 

social system. The second one focused on the diffusion of innovative work practices 

and organisational arrangements, with the aim of improving productivity without the 

need for large-scale capital expenditure. The findings of the study led to the idea of that 

both the social and technical systems should be included among the factors to be 

considered and it was postulated that the relations between these two factors should 

constitute a new field of inquiry (Trist, 1981).  

2.5.3. Changing Ideas on the Organisation of Work  

Following this study, Ken Bamforth, a former coal industry executive who had joined 

the Tavistock staff (Trist et al. 1951; Pasmore et al. 2018), was encouraged to revisit his 

former industry, along with some postgraduate fellows who were trainees in industrial 

field work, to report any new perceptions. After visiting and exploring a newly opened 
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seam in a South Yorkshire coalfield, known as Haighmoor, he returned with a discovery 

that began a long process of innovation in work practice and organisation (Trist, 1981; 

Sirianni, 1995; Pasmore et al. 2019). At the same time, Eric Trist, who had conducted a 

critical analysis of managerial control and de-skilling in Scottish jute spinning in the 

1930s (Davis, 1957; Melman, 1958; Pateman, 1970; Williams, 1982; Emery 1983) and 

was one of the founders of the Tavistock Institute, decided to join Ken Bamforth in his 

study of the mining techniques (Trist, 1981; Sirianni, 1995; Mumford, 2003).  

The Tavistock researchers found that a newly proposed non-mechanised mining method 

led to huge improvements in mining work. This method was based on the formation of 

relatively autonomous groups of miners, who were given the responsibility for their 

entire work cycle, which allowed them to work autonomously, with interchanging roles 

and shifts, with minimum of supervision. The miners were also allowed to participate in 

decisions regarding their work arrangements (Ramage, 2009). The new method 

provided successful results, including higher productivity together with lower 

absenteeism and fewer accidents (Trist, 1981; Sirianni, 1995; Pasmore et al. 2019).  

Subsequently, Trist and Bamforth published the first output of their collaboration in 

studying the mining methods (Trist et al. 1951). Their analysis of technological changes 

in coal extraction indicated that the older methods of coal mining depended on 

conducting intensive collaborative working between skilled miners who had broad 

experience of working mostly autonomously and employing particular techniques, for 

example, various methods of using explosives and building roof supports (Griffith et al. 

2002).  

From these insights, a new method was developed, purposely designed from the 

technological point of view to benefit from new technical opportunities in order to 

achieve mechanised mass production of a large amount of coal in a long horizontal 

seam (Griffith et al. 2002) and from the social perspective to ensure appropriate 

occupational roles (Molleman, 2001). Thus, the theoretical and practical collaborative 

work of Trist and Bamforth identified the interrelated nature of social and technological 

aspects of the workplace and also highlighted the need for consideration of behavioural 

issues during the design and implementation of new technologies (Davis, 2014). Thus, 

these and subsequent attempts that aimed to increase knowledge and foster the 

improvement of unsatisfactory work situations in terms of social and individual factors 

(Trist et al. 1951; Sirianni, 1995; Pasmore et al. 2019) resulted in the creation of the 

work design approach which was named ‘sociotechnical systems’ (i.e. STS) (Mumford, 

2006). Throughout the Tavistock’s history, the two most important values held by its 
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researchers were the endeavours to humanise work through redesigning workers’ jobs 

and to foster democracy in the workplace (Mumford, 2006).  

According to Emery (1983), the STS approach was applied with success in the 1970s, 

when many industries tried to implement STS-based methods of working. However, 

despite the strong evidence supporting the effectiveness of this approach the STS 

initiatives were blocked and gradually faded away, due to the fear of traditional leaders 

about allowing the employees a greater degree of control over the design and operation 

of their work (Pasmore et al. 2018). Thus, in organisational environments many people 

continued to work in routine jobs, with tightly controlled practices and little provision 

of opportunities for personal development (Mumford, 2003; 2006). 

2.5.4. STS: Introducing the concept  

STS is now over 70 years old. The initial vision of STS saw this approach as a way to 

optimise peoples’ intelligence and skills and connect them with new technologies to 

revolutionise the way individuals live and work (Rice, 1958; Mumford, 2003; 

Baskerville et al. 2013). According to Pasmore et al. (2018 p.67), the aim of STS was to 

“…enhance the performance of work systems by recognising the ways in which the 

behaviours of human actors affect the operation of technology”. Mumford (2003; 2006) 

urged that human needs should not be overlooked when introducing new technical 

systems. In fact, she argued that, wherever practical, equal weight should be 

apportioned to social and technical aspects.  

The idea of mutual connection and influence was put forward by Mumford (2006). It 

was found that although the technology grew better and more efficient, the overall work 

efficiency was either falling or not following the technological growth rate. She 

identified the need to change the working methodology from the individually-based (i.e. 

bureaucratically-driven) type to a team-based approach. It is important to understand 

that the STS approach aims to ensure that the social and technical systems of an 

organisation are blended together, by considering these two aspects interdependently 

(see Fig.2.3). This approach is necessary to take into account that the optimal working 

arrangements for one individual may not be optimal for another worker, and to be 

prepared to make the necessary trade-offs (Trist et al. 1951).  

Organisational units as groups of the social system “…comprise the employees (at all 

levels) and the knowledge, skills, attitudes, values and needs they bring to the work 

environment, as well as the reward system” (Simon, 1969, pp.8-9). These groups also 

represent not only the formal power structure that can be represented on organisational 
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charts but also the informal power structure which is based on the knowledge and 

personal influence of group members (Bermejo, 2010). The technical system is an 

information system that consists of the “devices, tools and techniques required to 

transform inputs into outputs in a way which enhances the organisation’s economic 

performance” (Consultants-Engineers-Strategists, 2008, p.8). These tools and 

techniques include the machines and equipment involves, together with the processes, 

procedures involved in using them and any physical arrangements (Consultants-

Engineers-Strategists, 2008; Bermejo, 2010). 

               
Fig.2.3 Sociotechnical system diagram (Consultants-Engineers-Strategists, 2008). 

There are two main founding principles underlying the notion of STS (Walker et al. 

2008). The first principle holds that success or failure of a systems’ performance is 

based on the way that the social and technical subsystems involved in the system 

interact with one another. It is usual for linear ‘cause and effect’ relationships, to be 

‘designed’ into the system whereas other interactions occur, which are ‘non-linear. The 

latter are complex, sometimes unpredictable relationships, and often unexpected. The 

soft (socio) part of the system, may exhibit quite different behaviour from the hard 

(technical) side (Walker et al. 2008). However, the complex and interdependent 

interactions between the two parts of the system may eventually lead to non-linear 

behaviour by ‘technical’ systems, as well. By offering a systems-based approach, STS 

can address this level of complexity and can be used both as the methodology and as a 
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set of tools. To achieve successful performance in the complicated systems described 

above, the second main principle is the requirement for ‘joint optimisation’, where the 

social and technical systems are designed to work in harmony, so that both sides 

achieve the best possible level of performance.   

 

2.5.5 Sociotechnical systems design (STSD) 

Van Eijnatten (1994) divided the historical time-line of STSD into three phases: the 

initial socio-technical pioneering work (1949-59), classical STSD (1959-1971) and 

modern variants of STSD. The pioneering work on STSD was that by Trist and 

Bamforth in 1951, which constituted the starting point of STSD. In this period, three 

key concepts emerged which contributed to the development of STSD: (i) the concept 

of a socio-technical system comprising both social and technical subsystems, which was 

central to the ‘open’ systems approach, (ii) concept of optimisation, which referred to 

the key sociotechnical objective, namely achieving the ‘best match’ between technical 

instrumental and social aspects of work organisation; and (iii) the concept of 

organisational choice, i.e. the notion that a form of work organisation could be 

introduced that would directly challenge the traditional ideas based on Taylor’s early 

work (van Eijnatten, 1994).  

In the period of classical STSD, from around 1959 to 1971, studies were carried out to 

observe the effect of increased personal participation in the workplace on the 

development of industrial democracy (Emery et al. 1976). The Norwegian Industrial 

Democracy Programme and other similar projects are characteristic of the period of 

classical STSD. These studies contributed basic principles to the development of STSD 

which include the concepts of compatibility/participative design, minimal critical 

specification, the sociotechnical criterion, the multifunctional principle/redundancy of 

functions, boundary location, information flow, support congruence, design and human 

values, incompletion, power and authority, and transitional organisations.  

There is a need to distinguish between the different phases and variants of STSD in 

terms of the methodological foundations of STSD, STSD systems methodology and 

model cycles. Critical evaluation of the methodology, theory and practice of STSD was 

carried out by van Eijnatten (1994, pp.2-3), who presented the main features of STSD in 

the form of the following six statements: 
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“Statement 1: STSD involves a basic shift in the organisational paradigm. STSD adds as 

its basic philosophy a set of democratic values to organisation theory. 

Statement 2: STSD is neither a management approach, nor a workers’ seizure. As an 

holistic approach, STSD tries to combine both interests. 

Statement 3: STSD has strong roots in participation. With respect to organisational 

policy, STSD adds to the usual technical and economic goals those set by relevant 

human goals.  

Statement 4: STSD propagates a dual design orientation, creating both democratic 

structures and democratic social processes at the same time.   

Statement 5: STSD is not exactly a theory-based sound academic discipline. Developed 

as an action research movement, STSD is, above all, pragmatic, applied and problem-

oriented. As such, it has acquired only a modest position in the formal system of 

science.  

Statement 6: Socio-Technical Systems Design as a field is not very homogeneous. 

Although, there is a lot of shared common ground, conceptual and methodological 

diversity has developed over the years, resulting in various approaches, applied in 

different areas”.  

2.6 Application of STS in infrastructure projects  

2.6.1. Domains of STS application  

The review of the domains in which different researchers had studied the application of 

STS revealed somewhat different understandings in different domains. For example, in 

the engineering context, STS was perceived as an organisational form that follows 

technical function, while at the same time the technical function also follows the 

organisational form; in the domain of IT, the technical system consists of hardware and 

software combined to produce tan information system, and the humans who use the 

system and the organisation itself comprise social system (Oladokun et al. 2018). 

Nevertheless, the overall concept of STS was not radically different between different 

research fields, so the literature search was carried out regardless of the precise 

definitions used in the different contexts. 
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It was clear from the review, that STS has been used with success in a wide range of 

domains. These include both general and software engineering and to study human-

computer interaction. It has also been widely used in management, for instance, in 

management of organisational design (de Greene, 1988) and as a way to facilitate the 

integration of organisational development and technological advancements into a total 

system (Appelbaum, 1997). In addition, STS was used in the context of fostering the 

type of innovation that predisposes an organisation to undertake systemic changes 

(Geels et al. 2007). STS has also been employed to study how technology is diffused 

through an organisation (Williams et al. 1996); Rohracher (2003) and Geels (2004)) and 

in both computer/software engineering and communication and telecommunication 

engineering (Patnayakuni et al. 2010). STS has also been used in studies relating to 

infrastructure, which involved transcending disciplinary boundaries to solve real world 

problems. For example, researchers used STS to investigate the socio-technical 

influences on energy use in relation to energy supply and demand (e.g. Shipworth, 2005 

and 2006, and Motawa et al. 2010), to evaluate an irrigation project (Jayanes et al. 

2004) and to address issues concerning food and agriculture (Marques et al. 2010).  

As explained earlier in this chapter, STS have a complex nature due to the multiple 

interdependencies of their elements and the resulting complex interactions of multiple 

causes. Its dynamic nature means its behaviour is often non-linear, which means the 

relationship between input and output are often not directly proportional and are liable 

to dynamic changes over a period of time (Motawa et al. 2010). Using STS enables 

‘hard’ and ‘soft’ data to be integrated in a way that cannot be achieved using other 

methods for modelling complex systems, thus making it suitable to be used in a range of 

contexts as the literature review has shown. 

 

2.6.2. What can STS contribute to infrastructure projects? 

In an industrial context STS has been mostly used to create high quality, participative, 

people-friendly systems for specific projects or parts of the work environment. For 

example, it was used in this way in the redesign of a car-assembly shop floor in a 

Swedish company and in most of the sociotechnical design studies of Mumford (2003). 

However, in addition to industrial uses, it plays a key role in infrastructures, as our 

societies become more and more dependent on the reliable functioning of a number of 

vital STSs, each of which has a vast array of interconnected elements (Ottens et al. 

2006; de Bruijn et al. 2009; Van der Lei et al. 2010; Chappin, 2014).  
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These critical infrastructures, or lifeline systems, are the systems without which 

countries’ economies and social well-being cannot be sustained (Johansson, 2010). 

Telecommunication networks, electric grids and large-scale manufacturing systems are 

examples of these lifelines, which take the form of interacting ensembles of engineered 

artefacts, embedded in society, linked with economies and connected with the 

ecological environment (De Weck, et al. 2011; Siddiqi et al. 2017). Seen in this light, 

infrastructures should be treated as STSs, because, as well as their physical 

infrastructure, they comprise the humans and organisations who construct, operate and 

use the systems, together with the economic and legal infrastructures required to support 

their operations and place them in the context of the communities they serve (Kaijser et 

al. 1991; Kaijser, 1994; Wright, 1996; Kain, 2003; Jonsson, 2005). Thus, it can be seen 

that developing a new infrastructure is really a change process, involving many 

behaviours and attitudes of the individuals and institutions involved, together with their 

interactions, and the technical issues, such as the interactions between technical 

hardware and institutional software (Ottens et al. 2006). STS methods are suitable to 

represent all these elements and assist in answering the questions raised in handling 

such complicated change processes.  

As discussed previously, the interactions that take place between the two sides of STSs 

accounts for much of their complexity (e.g. Verwater-Lukszo et al. 2005; Appricharla, 

2006; Johansson, 2010) (see Section 2.3). In this context, the technical system could be 

defined as physical components that enable the transportation, manufacture and storage 

of goods required in infrastructures. The social actor system is the system required to 

manage, operate, maintain and repair the technical side of the system. Vulnerabilities 

and threats can be caused when these social and technical subsystems interact. This can 

only be addressed by the underlying premise of the systems thinking, which holds that 

systems should be studied in their entirety as wholes rather than studying their parts 

(e.g. Senge, 1994; Little, 2004 and 2005; Checkland, 2006; Johansson, 2010). To apply 

this thinking, it is necessary to take a holistic view of sociotechnical infrastructures. It 

has been argued that all the components of infrastructure are mutually dependent on one 

another (e.g. Amin, 2001; Stoop et al. 1997). This means that the failure of one 

component can propagate to other components, leading to what are referred to as 

cascading failures (e.g. Little, 2002; Rinaldi et al. 2001) that will result in unforeseen 

vulnerabilities. To address this issue it is important to develop methods, tools, and 

techniques that enable a holistic analysis to be carried out from different perspectives. 
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The gradual realisation that the root causes of system accidents and failures lie in 

individual, management, or organisational failures has led to an increased interest in 

expanding STS-based methods (Groth et al. 2010; Edwards, 2003). These failures at the 

human level may be caused by lack of initial measures, such as adequate training and 

sound design, and lack of good practices during the operating cycle, such as thorough 

maintenance procedures, and safety management and ensuring that working hours are 

reasonable and there is good supervision to prevent working practices, becoming 

degraded over time (Trbojevic, 2008). Major accidents in which some of these factors 

were implicated include those at Three Mile Island (1979) and Chernobyl (1986) in the 

nuclear industry; the Piper Alpha oil rig (1988) in the offshore oil industry; the sinking 

of Herald of Free Enterprise ferry (1987), Clapham Junction (1988) in the transport 

industry and in the chemical industry the disasters at Bophal (1984), Texaco Refinery, 

Milford Haven (1994), Texas City Refinery (2005) (Kletz, 2006). Thus, viewing large-

scale disasters in sociotechnical terms forces us to consider the behavioural 

preconditions to failure rather than focusing only on narrow technical explanations. 

Taking such a perspective makes it clear that these events are invariably human-made 

and share certain general characteristics in common: the causes are found to be multiple 

and extended over time; they are also qualitatively diverse and compounded in complex 

ways by their multiplicity of interactive elements (Pidgeon, 1991).  

According to the STS perspective, the performance of both the human and technical 

components of a system are influenced by many factors, including the way industrial 

activities are organised and managed and the safety culture, as well as external factors 

such as market or political pressures and regulations (Reason, 1998; HSE, 1992b). STS 

recognises that many different factors, present at different levels in a system, may 

increase the likelihood of operator error or the failure of equipment to operate. These 

levels are determined by how close they are to the actual occurrence of error, from the 

closest to the most remote level (HSE, 1992b; Trbojevic, 2008). 

As large-scale complex STS, infrastructure projects rely on humans for critical decision-

making activities in relation to their safety. Thus the social and technical aspects of the 

infrastructure projects interact to influence the operational environments and, 

consequently, the overall performance of these projects (Kroes, 2002; Kroes et al. 2006; 

Topcu et al. 2019).  

Looking at infrastructure projects from an STS perspective allows openness to the 

environment. This means the infrastructure projects will be flexible and able to respond 
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and adapt to environmental changes. In particular, applying an STS perspective to 

infrastructure project failures, can enable the whole range of risks to be identified to 

make improve the management and preparation of such projects and thus ensure higher 

levels of safety.    

The focus of the current thesis is the measurement and improvement of the performance 

efficiency of STS. Hence, we need to ask: ‘What are the sociotechnical factors or risks 

that influence the performance of human decision makers in safety-critical 

environments?’ Thus, it is important to identify and capture sociotechnical 

attributes/principles that create system properties through their dynamic interactions 

(Carayon et al. 2015; Topcu et al. 2019). The next chapter will focus on sociotechnical 

principles.  

2.7. Chapter summary  

This chapter has presented and discussed the theory behind existing risk management 

processes in infrastructure projects, firstly through considering attempts to define 

‘infrastructure’. After discussing the limitations of conventional risk management 

approaches, the benefits of systems-based approaches were introduced.  

A literature search revealed that STS had been applied in many engineering and 

business contexts. Particularly, the contribution of the STS approach to infrastructure 

projects was discussed.  

It has been pointed out that the interdependent social and technical components of 

systems/projects make such systems/projects complex to deal with. Moreover, the 

chaotic nature of these interdependent components makes it difficult to understand their 

relationships, let alone to predict or control their behaviour. It has been shown that STS 

offers a pragmatic approach to address these problems, as evidenced by the findings of 

the literature review. Thus it has been decided to apply the STS approach to 

infrastructure projects as the theoretical basis for this study. 

The next chapter will review and compare the set of STS principles developed over the 

past 70 years to identify the relationships between them so that they can be synthesised 

into an updated set of principles.  
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CHAPTER 3 – A SYNTHESIS OF SOCIOTECHNICAL 

PRINCIPLES FOR SYSTEM DESIGN 

3.1 Introduction 

The sets of Sociotechnical System (STS) principles that aim to optimise both social and 

technical aspects of a work system have been derived from many STS design efforts 

and experiences. In particular, the sets of STS principles have been developed by Trist 

and Bamforth (1951), Cherns (1976, 1987), Davis (1977), Berniker (1996), Clegg 

(2000), Walker et al. (2009), Read et al. (2015) and Waterson et al. (2018). 

The current chapter reviews and compares the aforementioned seventy years of 

mainstream STS principles for the system design. The principles have been identified 

from a systematic review, grouped by similarity, and synthesised into an updated set of 

principles for researchers and organisations to use and discuss.  In the tradition of all 

previous STS principles they seek to provide criteria for designing organisational 

structures, group work, work processes, design processes, technology and individual 

tasks. The fortunes of STS theory have ebbed and flowed over the past seventy years 

but the value of STS principles has remained.  They are now increasingly relevant to a 

host of distinctly 21st century problems, all of which share a common imperative to 

effectively integrate people and technology.  A synthesis of existing STS principles is 

overdue (Imanghaliyeva et al. 2019).   

3.1.1 Background and Context 

Ever since the establishment of the London Tavistock Institute in 1946, STS theory has 

been developed and tested in order that its fundamental objective of joint optimisation 

can be attained. The notion of joint optimisation is shared with the field of ergonomics.  

It states that when the social and technical aspects of a work system are jointly 

optimised this will produce better outcomes than if they are optimised separately (Trist 

et al. 1951; Trist, 1981; Baxter et al. 2011). Probably, the most ambitious industrial 

example of STS theory and joint optimisation was the Volvo Kalmar car plant. The 

defining feature of the plant’s design was a deliberate shift from traditional production 

line methods, the mainstay of automobile manufacture since the turn of the century, to 

an organisation based on small-groups, a flat management structure and co-

determination in how the work was organised (Sandberg, 1995). In this jointly 

optimised system advanced automation was pressed into the service of handling 

production material, and managers focussed on ‘designing behaviours’ rather than 
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‘scripting tasks’ (e.g. Reynolds, 1987). The outcome of applying STS principles in this 

case was that “being engaged in all aspects of work makes the production 

comprehensible and the employees become, as part of their job, involved in the 

customer’s demands and in striving after constant improvement. Work intensity is high” 

(Sandberg, 1995, p.148). Critically, “whereas the former organisation had been 

maintained in a steady state only by the constant and arduous efforts of management, 

the new one proved to be inherently stable and self-correcting” (Sandberg, 1995, p.53). 

Not all examples of the STS application are as far reaching as the above one but there is 

little doubt that they “support most of the claims that (sociotechnical) researchers have 

been making for three decades concerning the beneficial nature of this organisational 

redesign strategy” (Beekun, 1989, p.893). It has been shown that the application of STS 

principles increased production intensity (Sandberg, 1985), organisational adaptability 

(Alberts et al. 2006) and output quality (Rice, 1958). Meta-analysis featuring over 200 

examples of jointly optimised work systems has been overwhelmingly positive (e.g. 

Cummings et al. 1977; Pasmore et al. 1982; Beekun, 1989). It is not surprising, 

therefore, that other organisations wish to emulate this success and a means for that is 

the use of STS principles.   

STS principles emerged as a novel approach for guiding the restructuring of work 

systems, or assessing the state of pre-existing systems, in terms of joint human and 

technical optimisation (Trist, 1981; Ramage et al. 2009). This stems in part from action 

research, which is underpinned by a core idea about improving work situations in more 

human terms (Mumford, 2006). STS design principles provide guidance that analysts 

can translate and use on real systems (Mumford, 2006) and this is inspired by the same 

underpinnings. “Action research is intended to describe holistically what happens in 

naturally occurring settings, and to derive from these observations more broadly 

applicable principles or actionable knowledge” (Argyris, 1996, p. 3). STS principles 

show how STS theory can be converted into practical interventions. For example, STS 

principle may state that “Design entails multiple task allocations between and amongst 

humans and machines” (Clegg, 2000, p. 465) or “the process of design must be 

compatible with its objective” (Cherns, 1976, p. 785). Whilst not detailed prescriptions 

of precisely what to do, they describe the key STS outcomes that need to be achieved. 

There are several widely available STS principles, in particular those by Trist and 

Bamforth (1951), Cherns (1976, 1987), Davis (1977), Berniker (1996), Clegg (2000), 

Walker et al. (2009), Read et al. (2015) and latterly Waterson et al. (2018). Since 1951 

they have been extended, updated and mapped across to new disciplines by subsequent 



 

37 
 

researchers.  Cherns’ (1976) principles, for example, were updated in 1987 (Cherns, 

1987) and then extended and updated by Berniker (1996) and Clegg (2000). The latter’s 

principles were then mapped across to a new domain by Walker et al. (2009), Read et 

al. (2015) and again by Waterson et al. (2018). As it stands, currently, there are no 

fewer than 120 individual STS design principles by at least ten different authors 

spanning almost over 70 years. The popularity of STS itself has ebbed and flowed over 

this period of time (see Walker, 2015) but the attractiveness of practical and expedient 

STS design principles has remained. Indeed, today there is renewed interest in using 

these principles to transform work environments in new ways (Hettinger et al. 2015). 

For example, applying it to the practical problems of workplace organisation 

(Vermeerbergen et al., 2016; Mohr et al. 2016; van Amelsvoort et al. 2017; Hughes et 

al. 2017; Eason et al. 1996), workplace safety (Carayon et al., 2015; Robertson et al., 

2015; Waterson et al., 2015), decision-making contexts (Flach et al., 2015), design of 

virtual research and development projects (Painter et al., 2015; 2016), design of new 

governance systems (Mohr et al. 2016) and addressing the numerous quality of care 

problems in healthcare domain (Carayon et al., 2011; Eason, 2007). There is also a 

growing interest in what joint optimisation could do beyond ‘traditional’ organisational 

or work redesign, including everything from military command and control (Walker et 

al., 2008 & 2010) to modern debates about infrastructure resilience (Walker, 2013). It is 

becoming apparent that joint social and technological systems are not the exclusive 

purview of ‘work systems’ but of ‘systems’ of all kinds from civil engineering systems 

through to the internet of things (Davis et al. 2014). Clearly, a lot has changed since 

1946 when the first STS principles were developed but the need in these principles 

remains strong. With this renewed interest comes an imperative to revisit them. In 

particular, a synthesis of all existing STS design principles will be of considerable 

benefit to researchers and practitioners so that they can move forward. This is the 

purpose of the current chapter. In the sections that follow wider background and context 

of STS principles are presented, along with a historical review of their development. 

This leads to a systematic identification of existing STS principles (Table 3.1), 

clustering and synthesis of these principles (Table 3.2) and culminating in a revised set 

of the synthesised STS principles (Table 3.3). 

3.1.2. Historical development of STS principles 

During what van Eijnatten (1993) called the ‘classical’ STS theory period (1951 to 

1971) there were just three core principles: responsible autonomy, adaptability and 
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meaningfulness of tasks. These were derived from Trist and Bamforth’s (1951) 

foundational work on Durham coal mines. This original study was undertaken to 

understand a productivity paradox. Despite the adoption of large-scale coal mining 

machinery and the principles of mass production, productivity, worker satisfaction and 

retention were low. The features, which differentiated the pre- and post-mechanised 

work organisation, were the extent to which workers could set their own objectives, 

respond to changing work conditions, perform as a team, and complete a full and 

meaningful cycle of activities. These features were promoted by Trist and Bamforth 

(1951) (and others) as a way to jointly optimise both the social and technical aspects of 

work systems. Indeed, these features proved to be common in jointly optimised work 

systems across domains and from these STS practitioners attempted to develop and test 

STS theory further. 

STS principles were advanced further by Fred Emery (1978); Mumford (2003), who 

promoted the idea of “redundancy of functions or multiskilling”, something that Trist 

and Bamforth (1951) also revealed in their work. This principle describes an attribute of 

teams, groups, or individuals, which is an ability to carry out unusual non-routine tasks. 

It was seen as an essential STS function that bestowed on the system an ability to cope 

with unexpected events. This helped to ensure a reliable system that could still function 

despite a range of external disturbances (Mumford, 2003; Trist and Bamforth, 1951). 

Around the same time, in 1974, David Herbst coined another significant concept 

‘minimal critical specification’. It stated that “…over-specified work designs were 

obsolete. Workers should be told what to do but not how to do it and deciding this 

should be left to their initiative” (Herbst, 1974; Mumford, 2003). The corollary of this 

principle was a range of entirely new ‘work hierarchies’ comprising the so-called 

‘primary work groups, matrices and networks’ rather than the traditional form of 

hierarchy (Mumford, 2003). This represented a significant departure from the state of 

organisational science at that time and found particularly dramatic expression in the 

Volvo Kalmar car plant mentioned above. The legacy of non-hierarchical peer-to-peer 

work groups continues to this day (Mumford, 2003).   

In 1976 Albert Cherns made the first attempt to summarise a growing collection of 

principles from different authors (Cherns, 1976). In doing so, he provided a detailed 

description of how organisations should be designed in order to be jointly optimised. 

His principles became the classic formulation of work group design (Hackman, 1980; 

Majchrzak, 1997; Berniker, 1996), the standard for defining and developing 
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organisations through the STS method (Johnson, 2003). Cherns (1976, 1987) insisted 

that if ‘systems builders’ failed to account for the social requirements or needs of the 

system being constructed, those needs would be met in “some other way” and such 

other ways would likely impede the organisation as much as help it. Cherns (1976) went 

on to delineate nine principles designed to provide insight into this overarching feature 

of behavioural adaptation. The principle of compatibility, for example, states that 

system design should match the system objectives. If a system objective is participative 

management then the compatibility principle states that the system’s design should 

involve the participation of invested parties. This sounds obvious were it not for the 

numerous cases in which the compatibility principle was violated. Codifying it, in the 

words of Cherns (1976), helps to “flush out hidden assumptions and appreciate the 

potential outcomes of work design decisions”. In 1987 the Cherns’ original principles 

were revisited.  Some principles were modified, such as the sociotechnical criterion, 

which stated that variances should be controlled at source; design and human values, 

which was concerned with providing high quality work; and a tenth principle added 

about transitional organisations.  Since then the Cherns’ principles have been taken up 

and further developed by several sociotechnical researchers and practitioners. 

Implicit assumptions underlying dominant or classic organisation designs, along with 

the forces then presented in society, were examined by Davis (1977). These social-

democratic forces (loosely labelled) are seen as the background for the rise of 

alternative organisation designs. The Davis’ (1977) set of principles was based on the 

factors of context, sanction, stakeholder inclusion and how social and technical 

processes were implemented. Fifteen principles (or attributes) commonly shared by the 

new designs were presented (Davis, 1977). They included the notion of being 

‘systemic’. This refers to all aspects of a system being interconnected and interrelated. It 

also includes the notion of ‘organisational uniqueness’, which states that systems’ 

structure needs to suit the specific individual situation. In other words, one size does not 

necessarily fit all. 

An attempt to further develop the Cherns’ principles was made by the STS Roundtable 

in North America in 1992. This is an organisation established to advance the field of 

STS by developing a professional network of academics, managers, consultants and 

practitioners engaged in research and application of STS theory. It promotes the STS 

approach as a general approach for the analysis of organisational structures, advocating 

principles of participation, an open systems conceptual framework, and an action-
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research methodology (Wall et al., 2006; Berniker, 1996; Coakes, 2002; 2011). Some of 

the key ideas generated by this group are now embodied in a wide range of concepts and 

practices employed globally by practitioners across all sectors (Wall et al., 2006; 

Coakes, 2002; 2011). From this background emerged a set of 24 principles authored by 

Berniker (1996). The Berniker’s principles are grouped under five main headings:  (1) 

philosophical premises and values, (2) design process, (3) structuring of work groups, 

(4) work design, and (5) continuity. This grouping reflects an emphasis on the relevance 

to the design process of the system and its outcomes. 

The legacy of the Cherns’ principles continues to live on. In 2000 they were updated 

and repurposed by Clegg (2000), whose focus was on the ergonomic design of new 

systems, especially new information technologies within modern management work 

systems (Wilson et al. 2015). The Clegg’s principles were adapted by Walker and 

colleagues (2009) for a very similar purpose to help to cope with the 21st century 

productivity paradox analogous to the Trist and Bamforth’s (1951) classic case study. 

This was an instance of new technology leading to highly counter-intuitive effects on 

organisational performance and wellbeing of people in the system, and STS was once 

again a highly appropriate response (Walker et al., 2010; Stanton et al, 2009). These 

more recent translations reveal that STS principles are just as, if not more, relevant to 

modern human/technology systems than perhaps they have ever been. This point was 

reinforced by Read et al. (2015). There is an increasing shift towards a more overt form 

of systems thinking in Ergonomics (e.g. Dul et al., 2012) and an ever greater use of 

terms such as ‘sociotechnical system’ (Walker et al., 2008). It was a natural next step, 

therefore, for Read et al. (2015) to ask whether a method like Cognitive Work Analysis 

(CWA), which purported to be an STS method (e.g. Jenkins et al., 2009; Stanton & 

McIlroy, 2012; Stanton & Bessell, 2014), really did align with STS principles. Research 

by Read et al. (2015) revealed that it did, or at least could. Kelly (1978, p.755) makes a 

central point: “while there have been few critics of the underlying philosophy and 

motives of STS proponents and researchers, there have been criticisms aimed at the 

apparent lack of theoretical coherence within the approach”. These criticisms are to a 

large extent mirrored in the number and diversity of STS principles (Wilson and 

Sharples, 2015). There is a lack of research that effectively addresses STS principles in 

organisational design and relatively little progress has been made systematising them 

(Clegg, 2000). Their synthesis, therefore, is long overdue.  
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3.2 Rationale for the design of STS principles  

A principle is a proposition that serves as the foundation for a system of belief or 

behaviour or for a chain of reasoning. Good principles should be succinct and clear, and 

make it explicit what the desired outcome should be and who should action them. STS 

design principles are defined somewhat more loosely as “…guidelines to the ‘art of 

organization design” (Cherns, 1976; Berniker, 1996). In terms of desired outcomes, STS 

principles should enable organisations ‘to explore conflicts and complexity in the 

human, organisational, and technical aspects of change and to jointly optimise people 

and technology within a clear ethical principle’ (Coakes, 2002; Bostrom and Heinen, 

1977a; Siau et.al, 2011).  Some principles do indeed describe an explicit outcome to be 

achieved (e.g. “design useful, meaningful, whole tasks” (Walker, 2010, p. 284)); others 

take the form of a maxim or axiom (e.g. “values and mindsets are central to design”, 

Clegg, 2000, p. 465); others are more discursive (e.g. the Cherns’ multifunctional 

principle). Perhaps the primary benefit of STS principles is to help to embed a set of 

social values in systems which are typically viewed from a purely technological or 

mechanistic perspective (Badham el al, 2000; Majchrzak and Borys, 2001). Principles 

are “guides to critical evaluation of design alternatives making clear some of the 

differences between the sociotechnical systems approach and traditional job design” 

(Berniker, 1996, p.19). Principles “…are not intended as design rules for mechanistic 

application. Rather, they provide inputs to people working in different roles and from 

different disciplines who are engaged collaboratively in design. They offer ideas for 

debate, providing rhetorical devices through which detailed design discussions can be 

opened up and elaborated” (Clegg, 2000, p.474). In other words, STS principles are 

themselves ‘minimally critically specified’. The following sections describe the means 

by which existing STS principles were extracted from the wider literature, the method 

by which they were reviewed and integrated, and how the final set of synthesised 

principles was derived. 

3.3 Method 

A large-scale literature search (see Figure 3.1) was undertaken to reveal all instances of 

STS principles extant in the publically available and peer-reviewed knowledge base. 

The high-level search topics centred on four areas:  

• sociotechnical system design approaches; 

• sociotechnical system design in work systems; 
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• principles of sociotechnical system design; and 

• organisational behaviour.   

General principles of design, or principles founded on different (and possibly 

incompatible) value-bases or domains except STS were excluded from the review. A 

mixed search strategy was employed, combining features of a systematic review with a 

more flexible and opportunistic approach. This ensured rigour, on one hand, but also the 

flexibility to draw from cross - disciplinary literature in cases where search terms may 

not be present despite there being clearly relevant insights to draw from, on the other 

hand. The following targeted keywords/phrases were used at the initial stages: 

• sociotechnical system;  

• sociotechnical system design principles; 

• organisational design; 

• safety issues in systems; 

• social relationships around work; 

• relationship between people and systems, technologies, tools and the 

environment.  

Going beyond this initial list were publications which advanced an understanding of 

work systems in a more general sense, such as those found in the organisational design, 

systems engineering, systems management, safety and other cognate domains. The 

following databases and journals were accessed.   

Databases: 

• Science Direct  

• Taylor and Francis  

• Google Scholar 

• Open Science Index 

• Semantic Scholar 

• BASE 
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• OpenAIRE 

• WorldCAT 

• Sherrpa/RoMEO 

• Zenedo. 

Peer reviewed journals: 

• Human Relations  

• Ergonomics  

• Theoretical Issues in Ergonomics 

• Applied Ergonomics 

• Organizational Dynamics 

• Journal of Operations Management 

• Management and Decision Making  

• Journal of Engineering and Technology Management 

• Safety Science 

• Contemporary Social Science 

• The Learning Organization 

• Systems 

• The Academy of Management Review  

This approach provides confidence that mainstream STS principles were harnessed, i.e. 

those that had enjoyed relatively widespread use and were available in the public 

domain. It should be acknowledged that there may be STS principles of a more 

specialist and proprietary nature in existence, which have not been considered in this 

review. The completed review spanned the foundational work on STS principles dating 

from the field’s inception in the 1940’s and 50’s and its precursors in scientific 

management approaches, up to the present day. In total 237 articles met the above 

criteria and were reviewed in depth (see Figure 3.1).  
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Figure 3.1. A flowchart illustrating the systematic searching process  

These articles include the prominent STS work of Trist and Bamforth (1951), Cherns 

(1976, 1987), Davis (1977), Berniker (1996), Clegg (2002), Walker et al. (2009), Read 

et al. (2015) and Waterson and Eason (2018) among others. The review also sheds light 

on the origins behind the principles, how they had been deployed in practice, and any 

subsequent revisions.  This depth of knowledge was vital for the process of integrating 

and synthesising the principles.   

3.4 Synthesised principles for Sociotechnical Systems design 

Table 3.1 provides a summary of the mainstream STS design principles currently extant 

in the literature. Two high-level findings emerged from the review.  Firstly, the 
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principles put forward by Trist and Bamforth (1951), Cherns (1976, 1987), Davis 

(1977), Berniker (1966), Clegg (2002), Walker et al. (2009), Read et al. (2015) and 

Waterson and Eason (2018) are mostly referred to in the literature. They tended to 

express the prevailing STS viewpoints of the day and have been used in comparatively 

unmodified form since then. There are no other comprehensive sets of STS principles, 

which have been widely published, used and diverged from these mainstream ones to a 

significant degree. Secondly, it is clear that comparatively little work has taken place to 

synthesise these existing principles. To some extent the principles have grown from and 

built on the previous versions as the underlying STS knowledge-base has itself grown, 

but apart from Read et al. (2015) they have not been comprehensively integrated or 

synthesised into a common list. Table 3.2 goes on to present a matrix showing how the 

existing mainstream STS design principles can be grouped into a reduced number of 

themes based on their similarity. Table 3.2 also enables these groupings to be traced. 

The numbers in the cells show precisely which principles from Table 3.1 relate to which 

of the reduced themes in Table 3.2. These reduced themes then go on to form the 

synthesised list of STS principles elaborated and described in Table 3.3.  

Many areas of commonality and distinctiveness are revealed in Table 3.2. The themes 

have been ranked to show which ones are more heavily associated with pre-existing 

principles (e.g. multifunctionalism, congruence, joint optimisation, flexible 

specification etc.) or lightly associated (e.g. simplicity and scale, self-regulation etc.).    
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Table 3.1 – Summary of the mainstream STS principles of Trist and Bamforth (1951), Cherns 1976/1987), Davis (1977), Berniker (1996), Clegg (2000), Walker, et al. (2009), Read 
et al. (2015) and Waterson and Eason (2019). 

Trist and Bamforth  
(1951, pp. 3-38) 

 

Cherns 
(1976, pp. 783-779) 
(1987, pp. 153-162) 

Davis 
(1977, pp. 265-266) 

 

Berniker 
 (1996, pp. 3-19) 

 

Clegg  
(2000, pp. 463-477) 

 

Walker et al. 
(2009, p. 174) 

Read et al.  
(2015, p 832) 

Waterson and Eason 
(2019, pp.366-374) 

1.Responsible Autonomy 
2.Adaptability 
3.Meaningfulness of 
Tasks 

1.Compatibility 
2.Minimal critical 
specification 
3.Variance control 
4.Boundary Location 
5.Information flow 
6.Power and authority 
7.Multifunctionalism 
8.Support congruence 
9.Transitional 
organization 
10.Incompletion  
 

 

1.Systemic 
2.Open system 
3.Joint Optimization 
4.Uniqueness 
5.Philosophy 
6.Quality of Working Life 
7.Comprehensive Roles  
8.Self-Maintaining Social 
Systems 
9.Flat Structure 
10.Participation 
11.Minimum Status 
Differentials 
12. Make Large Small 
13. Design Process 
14. Minimal Critical 
Specification 
15. Action Research 

1.Value clarification 
2.Uncertainty  
3.Choice 
4.Motivated behavior 
5.Participation  
6.Open systems 
7.Human values 
8.Compatibility 
9.Minimum critical 
specification 
10.Constraint–free design 
11.Self-regulating work 
groups 
12.Responsible autonomy 
13.Inducements to work 
14.Boundary location 
15.Boundary 
management 
16.Joint optimization 
17.Organizational 
uniqueness 
18.Congruence  
19.Variance control 
20.Response variety 
21.Information flow 
22.Learning 
23.Experimentation 
24.Self-design 
 

1.Design is systemic 
2.Values and mindsets  
3.Design choices 
4.Design reflects needs  
5.Design as social process 
6.Design socially shaped 
7.Design contingency 
8.Process integration 
9.Multiple task 
allocations  
10.Congruence 
11.Problem visibility 
12.Problem control at 
source 
13.Flexible specification 
14.Design is a STS 
15.Ownership 
16.Evaluation 
17.Multidisciplinary 
education 
18.Resources and 
support 
19.Political processes 

1.Multidisciplinary input 
2.Test implicit theories 
3.Subsumption 
4.Co-evolution 
5.Design for adaptability 
6.Whole tasks 
7.Minimal critical 
specification 
8. System DNA 
9.Design is a STS 
10.Users or ‘prosumers’ 

1.Task allocation 
2.Whole tasks 
3.Boundary locations 
4.Boundary management 
5.Problem control 
6.Incorporates needs 
7.Intimate scale 
8.Design context 
9.Multifunctionalism 
10.Congruence 
11.Flexible specification 
12.Allocation of authority 
13.Flexible structures 
14.Information linked to 
action needs 
15.Agreed values and 
purposes 
16.Resources and 
support 
17.Appropriate design 
resources 
18.Designing for 
transition 
19.Choices constrain 
choices 
20.User participation 
21.Constraints 
questioned 
22.Represent 
interconnectedness 
23.Joint design 
24.Multidisciplinarity  
25.Political debate 
26.Avoid fads and 
fashions 
27.Iteration and 
evaluation 

1.Design is systemic, 
emergent and context-
sensitive 
2.Values, organizational 
culture and mindsets 
3.Design choices and 
trade-offs 
4.Business and user-
centred design 
5.Design is a socially 
shaped, contingent 
process  
6.Core processes should 
be integrated and 
components congruent 
7. Flexibly specified 
multiple task allocations 
8.Simple systems which 
make problems visibility 
9.Problems controlled at 
source 
10.Design practice is a 
dynamic, evolutionary 
STS 
11. Resources, support 
and evaluation are 
required for design 
12.Political processes 

* The labels given above are abbreviations/shortened versions: full details are available in the source references. 
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Table 3.2 – Synthesis of 120 existing STS principles leading to a revised set of 20 integrated principles.  Shaded cells show groupings of existing principles based on 

similarity between them.  Numbering inside the shaded cells cross refers to the specific principles listed in Table 3.1.   

  Trist and 
Bamforth 

(1951) 

 
Cherns 

(1976, 1987) 

 
Davis  
(1977) 

 
Berniker  

(1996) 

 
Clegg 
(2000) 

 
Walker et al  

(2009) 

 
Read et al  

(2015) 

Waterson 
and Eason 

(2018) 
Commonality 

1 Multifunctionalism 2 7 7 20 9 5 1, 9 7 8/8 
2 Congruence  8 5 13, 18 10, 18 1, 8 10 6, 11 7/8 
3 Flexible Specification  2 14 9 13 7 2, 11 7 7/8 
4 Joint Optimisation  1 3 16 1 1 23 1, 6 7/8 
5 Participation  1 10, 11 5, 8 15 10 20 4 7/8 
6 Designing Design  2, 9 1, 2, 15 3, 6 1, 3, 14  17, 18, 19, 22, 27 3, 10 6/8 
7 Experimentation  10 15 22, 23 16  5, 27 1 6/8 
8 Flux  10  24 5, 14 5 18, 27 10 6/8 
9 Responsibility  1 6 11 12 8  12  6/8 

10 Values  8 6 1, 7, 13, 15 2  15 2 6/8 
11 Boundaries  4 12 14, 15 8  3, 4  5/8 
12 Constraints  2  10 6, 19  21, 25, 26 5, 12 5/8 
13 Multidisciplinarity  10 13  17 1 24  5/8 
14 Resource Flows  5  21 8 9 14, 16  5/8 
15 Uniqueness    4 17 7 3 8  5/8 
16 Variance Control  3  2, 19 12  5 9 5/8 
17 Functional Purposes    7 4 4 6, 15  4/8 
18 Job Characteristics 3   4  6 2  4/8 
19 Simplicity and Scale     11 2 7 8 4/8 
20 Self-Regulation   8, 9 11   13  3/8 

 Total Principles 3 9 (1976) 
10 (1987) 

15 24  19 10 27 12  
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Table 3.3 Synthesised set of sociotechnical system design principles 

 PRINCIPLE PROPOSITION  
1 MULTIFUNCTIONALISM  Human agents* should be skilled in more than one function. 
2 CONGRUENCE  System designers should ensure that support systems and sub-systems are congruent with the basic system design.   
3 FLEXIBLE 

SPECIFICATION   
Human agents* should be provided with the outcome to be achieved but the means to achieve it minimally critically specified.  

4 JOINT OPTIMISATION  System designers should give equal consideration to the role of humans and technology in systems. 
5 PARTICIPATION System designers should match democratic work structures with democratic design processes. 
6 DESIGNING DESIGN System designers should recognise that the design process for STS is itself an STS and can be treated as such.  
7 EXPERIMENTATION  System designers should treat design iterations as ‘experiments’ and act on the results of those experiments.   
8 FLUX  System designers need to recognise that systems are by their nature dynamic and never ‘complete’, and this requires continuous re-evaluation. 
9 RESPONSIBILITY Human agents* should be given responsible autonomy for carrying out tasks. 
10 VALUES System designers should express the aspirations and needs of people within their design criteria.   
11 BOUNDARIES System designers should ensure that system boundaries do not interfere with the exchange of information and learning.   
12 CONSTRAINTS                        System designers should identify social, technical and political issues which constrain or enhance choices. 
13 MULTIDISCIPLINARITY  System designers should draw from a diverse range of expertise, skills and perspectives.   

14 RESOURCE FLOWS  System designers need to ensure that information is provided at the point at which it required.  
15 UNIQUENESS  System designers should recognise that each system is different and these differences should not be neglected.   
16 VARIANCE CONTROL  System designers should enable variances to be controlled from the point where they originate.  
17 FUNCTIONAL PURPOSES  System designers should ensure it is designed to support the fundamental reason it exists; that fundamental reason needs to be made explicit.  
18 JOB CHARACTERISTICS  System designers should design human roles within systems that involve a full, coherent and meaningful cycle of activities.  
19 SIMPLICITY AND SCALE System designers should minimise complexity and maximise ease of use and understanding. 
20 SELF-REGULATION  System designers should examine the conditions under which individuals or groups become self-regulating, and try to optimise those 

conditions.  
 

 

* In the not too distant future it is conceivable this could apply equally to autonomous agents, AI, etc.
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A mean of 5.6 out of the 8 component principles associated with the reduced set of 

themes, reinforcing the point that the principles have more in common than they differ. 

It should also be noted again that Tables 3.1 and 3.2 provide complete traceability, 

making it possible for the wider research community to scrutinise and, if necessary, 

revise these categorisations. For now, though, it is from this underlying structure the 

fully up to date and synthesised list of 20 principles (see Table 3.3) can be derived. 

Future research can be directed into a much more comprehensive STS methods review, 

using the new synthesised STS principles as evaluation criteria. 

3.5 Chapter summary 

The chapter has reviewed and compared STS principles over 70 years, identified the 

relationships between them, and synthesised them into updated set of principles for 

researchers and organisations to use and discuss. These principles, in the tradition of all 

previous STS principles, provide criteria for designing organisational structures, group 

work, work processes, design processes, technology, individual tasks, and methods. The 

principles can be used by anyone involved in organisational and system design, and 

should help to illustrate differences between traditional work design and the 

sociotechnical approach. The principles also give direction to the system design process, 

providing a lens through which existing organisations and systems can be examined and 

new ones designed from scratch. The 70-year legacy of research, which underpins these 

principles, provides confidence that the STS principles will contribute to enhanced 

levels of performance, including operational measures such as productivity and 

effectiveness, but also psychological indicators concerned with well-being and attitudes. 

It is hard to deny that many organisations currently lack an integrated approach to 

organisational and technical change that, in the worst cases, results in a range of 

organisational pathologies right through to major system failures. As organisations 

become larger, more complex and more highly integrated, combined with dramatic 

changes in technology, the cost of such failures increases rapidly. Improving the 

existing set of STS principles provides a significant opportunity to cope with these 

emerging challenges in a more enlightened way. At the simplest level it is possible to 

regard every single STS design principle as a possible risk, but at the same time it is 

also an opportunity.   
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CHAPTER 4 – A SYSTEMATIC REVIEW OF SOCIOTECHNICAL 

SYSTEM METHODS BETWEEN 1951 AND 2019  

4.1 Introduction  

One of the main drivers for the development of STS was to bring into the picture the 

key roles played by both choice and organisational design in improving the interaction 

between the people who constitute a social system and the array of tools, technologies 

and techniques which constitute a technical system (Eason, 2014, Waterson et al., 

2015). Thus, the development of methods is an important aspect in using STS theory in 

the real world. In order to improve the quality and performance of systems, different 

STS-based methods have been developed. A core value of underlying STS-based 

methods is the belief that, by making the appropriate choices, it is possible to achieve a 

harmonious balance between social and technical systems, to ensure parallel 

optimisation of productivity, safety and worker satisfaction (Cherns, 1976, 1987; Clegg, 

2000, Waterson et al., 2015).  

There is a wide array of conventional methods devised to study or address systems 

failure (e.g., Hazard and Operability Analysis (HAZOP), Action Error Analysis, Failure 

Modes and Effect Analysis (FMEA), ‘What if’ analysis, and many others). Each of 

these methods is mainly focused on either human factors of the system or its technical 

factors (Imanghaliyeva et al., 2020a), However, these methods have been found to be 

unreliable and their narrow focus makes them unsuited to solve problems, which 

involve the binary nature of a complex system with both social and technical factors. 

Moreover, they fail to consider all possible causes of system failure and are, thus, not 

wide enough in their remit to fully account for the system failure or accidents occurring 

in the systems (Imanghaliyeva, 2020a).  

As explained above, STS-based methods are designed to act as practical aids to help 

organisations in the processes of planning, adopting and evaluating new forms of work 

organisation. However, although there is an adequate range of methods based on STS, 

they are not widely adopted. Studies that investigated the reasons why organisations 

were not taking up these methods found that they were considered time-consuming, did 

not fit the organisational culture, and that the knowledge needed to understand and 

apply these techniques was not available to the relevant staff within organisations (see 

Gould et al. 1985; Eason et al., 1991; Axtell et al., 2001). Nevertheless, the increasingly 

complex nature of systems in a competitive and technology-centric environment means 
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that STS-based methods can be a useful tool to ensure both delivery and safety of these 

systems in their operational context. A starting point to overcome these problems in 

their application is to organise the STS-based methods in different domains into one 

unified list as a framework (see Table 4.3). 

Therefore, the purpose of this systematic review is to identify and critically evaluate 

studies, which have applied the STS approach in the contexts of system delivery, 

performance and safety management.  

The aim of this chapter is to demonstrate how different STS-based methods, which were 

originally developed for the study of particular interdisciplinary contexts can be 

integrated to provide a comprehensive analysis of their performance in complex STS. It 

also aims to satisfy the following research objectives: (1) to review the available STS-

based methods and assess their suitability for dealing with the issues inherent in 

projects, (2) to revisit the evidence in favour of STS-based methods when applied to 

real-life work systems in different domains, (3) to demonstrate the visibility 

(occurrence) and validity of the identified methods within projects and (4) to map the 

identified methods with the 20 synthesised STS principles (see Chapter 3).  

To this end, the current chapter provides an up-to-date review of 103 STS-based 

methods in five different domains (see Table 4.3) including: (1) safety, risk, reliability 

and accident prevention, (2) the human factor, human behaviour and ergonomics, (3) 

information systems, information technology and the internet of things, (4) 

organisational design, work system and management studies and (5) design science 

(Imanghaliyeva, 2020a). The chapter also evaluates the visibility (occurrence) and 

validity of identified methods illustrating their use, strengths and weaknesses (see Table 

4.4). The outcomes will help the author innovate practical ways to explore the STS 

issues in infrastructure projects. Additionally, the identified methods will be mapped 

with 20 STS principles (see Table 4.6). As pointed out above, there is a wide selection 

of STS-based methods, but there has been very little work on organising them into a 

unifying framework. 

4.1.1. Historical background 

Many STS-based methods have been developed as a response to problems met in 

industrial planning (e.g. Smith et al. 2010). As mentioned in previous chapters, at the 

beginning of the 1980s a large number of industrial investments involving the 
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introduction of fairly complex automated systems led to major difficulties or even 

ended in failure. The most common symptoms of these difficulties were late start-ups, 

low occupation rates, insufficient flexibility or poor production quality.    

An analysis of these defective operations showed that human aspects had not been 

considered in all the phases of the industrial projects concerned. In reply to this 

situation, many STS-type approaches (see, for example, Roy, 1992) were offered to 

help companies carry out industrial projects through the association of technical and 

human factors.  

These methodologies had the following points in common: 

• they stressed the importance of enhancing the initial project targets in terms of 

the characteristics of the work population, the work organisation, the 

environment and the project management approach; 

• they proposed design structures which associated production managers and end 

users in terms of different participative methods (Daniellou, 1992).  

New technologies grow out of social processes, but new social practices in turn, develop 

as people use and interact with these technologies (Russell et al. 2002). It should also be 

noted that new technologies never appear in their completed state and in full working 

order (Bijker, 1997). They arise when there is purposeful development, linkages 

between different events and actors, and when the heterogeneous social and technical 

elements become aligned into functional configurations. For example, the institutions 

set up to oversee the development of systems delivering electric power have shaped 

these systems and in turn acted as drivers for the development and use of electrical 

goods and services. For instance, the training of professional engineers and provision of 

facilities for developing different types of technology need to be occur alongside 

institutionally structured market incentives and the needs of consumers of the products 

and services. Beyond this, the factors that influence the ways new technology is 

developed and used include the cultural environment in which the technology operates, 

including the behavioural patterns and lifestyle expectations of the demographic, as well 

as natural and economic resources and environmental stresses. Although these broader 

social, demographic and ideological processes operate beyond the specific STS, their 

interconnections form an overarching socio-technical geography which can be mapped 

at a macro level of analysis (Rip et al. 1998). In making this geography visible, the STS 
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perspective enables us to appreciate the two-way relationship between the social and the 

technical systems and thus is, in itself, an interdisciplinary field (Smith et al. 2010). 

4.1.2. The benefits of STS-based methods  

It is generally accepted that an increase in the complexity of systems calls for new 

methods for analysing and managing such systems. This is particularly true of 21st 

century systems, where we are required to understand the interconnectivity between the 

systems and their elements that underlies the increased complexity. Rasmussen’s (1997) 

work on a risk management framework for safety emphasised the rapid pace in which 

technology changed and developed. In the two succeeding decades, technology has 

become even more complex and attempts to keep up with new developments have 

become an imperative. There is a pressing need for studies dealing with the increasing 

complexity of STS, to answer the questions such as ‘How can systems’ resilience be 

achieved? How can productivity and security be increased while reducing production 

cost?’ (Wilson et al. 2009). In the present global economic situation, where 

governments and organisations face huge pressure to reduce costs, these concerns are 

likely to become even more pressing. All these considerations have implications for the 

development of STS-based methods, which combine user-involvement in design with 

structural change and the effective use of technology. 

An STS approach is an integrated way of designing and implementing all the functional 

processes of the work system. As has been mentioned in previous chapters, the STS 

approach serves to support close and integrated interaction between people and 

technologies/systems, allowing a joint optimisation of both. Thus, a range of different 

STS methods have been developed in order to reach new standards of quality and 

system performance.  

 

4.2 Methods 

The focus of this chapter is on identifying those methods that have emerged specifically 

from the discipline of STS and methods from other disciplines that have been subsumed 

into the STS approach. Many of the methods arising specifically from the STS tradition 

have been selected because they effectively address a specific research question relevant 

to the current study.  
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4.2.1. Electronic search  

A large-scale systematic literature search was undertaken to reveal all existing STS-

based methods in the areas of (1) safety, risk, reliability and accident prevention, (2) the 

human factor, human behaviour and ergonomics, (3) information systems, information 

technology and the internet of things, (4) organisational design, work system and 

management studies and (5) design science. Four databases (Google Scholar, 

ScienceDirect, Web of Science and Scopus) were searched for articles published 

between 1 January 1951 and 1 July 2019, inclusive. When searching the databases, 

certain filters and limiters were applied. For instance, the search aimed to retrieve 

articles from 1951 onwards, as this predated the development of the STS-based methods 

to be included (see Chapters 2 and 3). All instances of STS-based methods appearing in 

the publicly available and peer-reviewed knowledge base, including relevant scientific 

journals and standard textbooks, were reviewed. Thus, the main emphasis was focused 

on purely STS-based methods, which have a definite, established, logical or systematic 

plan of action. The STS-based methods were searched for by topics and keywords 

(Imanghaliyeva, 2020a).  

The following targeted keywords/phrases were searched for: 

• Sociotechnical system methods 

• Socio-technical system design methods 

• Sociotechnical system approaches 

• Sociotechnical system tools 

• Sociotechnical system design methods 

• Socio-technical system design tools (Imanghaliyeva, 2020a).   

 

4.2.2. Data extraction and eligibility criteria  

As explained above, selected methods were grouped into one of the five domains: (1) 

safety, risk, reliability and accident prevention, (2) the human factor, human behaviour 

and ergonomics, (3) information systems, information technology and the internet of 

things, (4) organisational design, work system and management studies and (5) design 

science. Methods had to be specifically focused on understanding a given sociotechnical 

context. Thus, applications involving only sociotechnical or socio-technical (with 

hyphen) based methods have been selected. Information regarding a selected method 

depended on the study in which this method was described. However, a brief overview 

of each selected method presented later in this chapter will include the following 
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information: (i) method; (ii) brief description/context; (iii) the robustness of the method 

(visibility (occurrence); (iv) validity; (v) data sources/year; (vi) type of application.   

4.2.2.1. Inclusion criteria 

Apart from the previously mentioned keywords, some additional criteria were set for the 

selection of the STS-based methods. To be eligible for inclusion, the method had to 

comply with the following criteria: 

• To be focused on both (social and technical) aspects of the system.  

• To be applied in at least one case study (see Table 4.4).  

• To align with at least one of the 20 STS principles (see Table 4.5).  

• To be described in a publicly available publication in English language. 

Following the initial search, the titles and abstracts of all retrieved articles were 

inspected against the inclusion criteria. For the remaining potentially eligible articles, 

the screening of abstracts and (in cases of insufficient detail) the full texts were 

conducted (Imanghaliyeva, 2020a).   

 

4.2.2.2. Exclusion criteria  

Methods were excluded if they met the following criteria: 

• All traditional methods (e.g. frameworks, models, techniques, tools and approaches) 

that do not involve systems thinking and the STS context. 

•  All methods (e.g. frameworks, models, techniques, tools and approaches) that 

focused on only one aspect (either social or technical) of the system. 

•   Any STS-based method (s) that had not been applied at least in one case study (see 

Table 4.4). 

•   Books, conference or symposium presentations or papers, systematic and narrative 

reviews of the literature, industry reports and articles published in a language other 

than English.  
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4.3. Philosophical foundations of STS-based methods (of Systems Research) 

This section explains the overall methodology adopted in order to answer the research 

questions (see Chapter 1). The section begins with a discussion of the research 

philosophical paradigms.  

4.3.1. Research philosophical paradigms and philosophical assumptions 

underpinning the work  

In order to clearly understand the research methods used in their own studies and apply 

them appropriately, researchers need a clear understanding of the philosophical 

paradigm on which the methods are founded. This is important because the paradigms 

they adopt will be reflected in the philosophical assumptions they make about the study 

as well as the tools, instruments, participants and methods they select to carry out the 

research (Denzin et al. 2000; Creswell, 2009).  

The term ‘paradigm’ has a range of meanings to different scholars, for example, it has 

been defined as: “a loose collection of logically related assumptions, concepts, or 

propositions that orient thinking and research” by Bogdan and Biklen (1998), whereas 

Cohen and Manion (1998) view it as simply “the philosophical intent or motivation for 

undertaking a study”. Moreover, different authors have different interpretations of what 

kind of entity a paradigm is. For example, Creswell (2009) refers to paradigms as 

worldviews, for Crotty (1998) they are epistemologies and ontologies, whereas for 

Neuman (2000) they are simply research methodologies. According to Pollack (2007), 

the term paradigm generally refers to “a commonly shared set of assumptions, values 

and concepts within a community, which constitutes a way of viewing reality”. In 

simple terms a paradigm could be understood as a collection of interrelated concepts or 

world-view (a basic set of beliefs) that guides researchers.  

Different classifications of research paradigms are found in the literature. Some authors 

identify three main paradigms: positivism, interpretivism and pragmatism (Amaratunga 

et al. 2001; Bryman, 2003; Punch, 2005). However, others have gone beyond these 

three paradigms. For example, for Creswell (2009), research paradigms are drawn from 

four schools of thought: postpositivism, constructivism, advocacy/participatory, and 

pragmatism. Blaikie (2009) suggests a more detailed classification under two 

categories. These are classical research paradigms: positivism, critical rationalism, 

classical hermeneutics, interpretivism; and contemporary research paradigms: critical 

theory, social science realism, contemporary hermeneutics, ethnomethodology, 
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saturation theory and feminism. In this chapter, only the three common philosophical 

research paradigms are further discussed: positivism, interpretivism/constructivism, and 

pragmatism, as these are linked to the research strategy and methods of data collection 

used in this research.  

The three paradigms employed to guide the present research and the specific research 

methods associated with them are shown in Table 4.1. Table 4.2 lists their strengths and 

weaknesses.    

Table 4.1. Research paradigms and associated methods (Source: Mackenzie et al. 2006; 
Creswell, 2009; Fellow et al. 2008; Oladokun, 2014) 

Research Paradigms Methods Data collection tools 

   
Positivism 
Positivists hold that there are observable facts 
which can be observed and measured by an 
observer, who remains uninfluenced by the 
observation and measurement. 

 
Predominantly 
Quantitative  
  
 
 

 
Experiments 
Quasi-experiments 
Tests 
Scales 
 

Interpretivism/Constructivism 
Interpretivists believe that truth and reality are 
social constructs, rather than existing 
independently out there; hence, a researcher 
should try to determine truth and reality from 
the collective views of participants. 
 

Predominantly 
qualitative 
 

Interviews 
Observations 
Document reviews 
Visual data analysis 

 

Pragmatism  
This paradigm is not committed to any one 
system of philosophy and view of reality. 
Pragmatists researchers focus on what and how 
to research, based on the intended 
consequences-what they want to do with it 

Qualitative and/or 
quantitative methods 
 

Probably, Positivist & 
interpretivist 
paradigms 
(Interviews, 
observations & 
testing and 
experiments) 
 

 

Table 4.2. Strengths and weaknesses of research paradigms (adopted from Oladokun, 

2014) 
Research 
Paradigms 

          Strengths 
 

        Weaknesses  

Positivism 
 

• Internal and external 
validity, reliability and 
objectivity of the findings 
(Guo et al. 2008) 

• Can provide wide coverage 
of a range of situations 

• Can be fast and economical 
(Amaratunga et al., 2002) 

• The requirement for objectivity 
in scientific positivism requires 
that the knowledge of the 
observer is excluded 

• Not very effective in 
understanding processes or the 
significance that people attach 
to actions. 

• Not very helpful in generating 
theories (Amaratunga et al., 
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Research 
Paradigms 

          Strengths 
 

        Weaknesses  

2002) 
 

Interpretiv-
ism/ 
Constructiv
-ism 

 

• Have the potential to 
provide complementary 
insights, enriching 
understanding of the 
perspective of those that 
work in a particular sector 
(Dainty, 2008) 

• Contribute to theory 
generation 

• Ability to adjust to new 
issues and ideas as they 
emerge 

• Trustworthiness and 
authenticity of findings and 
fit with social norms and 
values (Guo et al. 2008) 

 

• The interpretive paradigm 
could be laborious and time 
consuming. 

• Can be difficult to control the 
pace, progress and end-point of 
research process 

 
 
 
 
 
 

Pragmatism • Pragmatism paves way for 
multiple methods, diverse 
worldviews and diverse 
assumption, as well as 
diverse forms of data 
collection and analysis 

• View current truth, meaning, 
and knowledge as tentative 
and as changing over time 

• Endorses a strong practical 
empiricism as they part to 
determine what work 
(Johnson et al. 2004). 

• What is meant by usefulness or 
workability can be vague 
unless explicitly addressed by 
the researcher 

• Pragmatic theories have 
difficulty in dealing with the 
cases of useful but non-true 
beliefs, propositions and non-
useful but true beliefs or 
propositions (Johnson et al. 
2004). 

 

4.3.2. Research philosophical paradigms for the STS-based methods and 

philosophical assumptions underpinning the work 

This investigation of STS-based methods requires the overall research paradigm chosen 

to be matched with the appropriate methods for the proposed forms of data collection, 

analysis and interpretation. STS design analysis is a practical subject; therefore, the 

choice of a pragmatic approach was considered most appropriate to generate practical 

solutions. Furthermore, many of research issues in organisational management are 

practical issues which involve generalisation of experience and formulation of 

hypothesis that can generate empirically testable implications.  

This study used a mixed method strategy for data collections and analysis (Creswell 

2009; Fellow et al. 2008). Employing mixed method strategies concurrently was 

considered to be a useful approach to provide a comprehensive analysis of the important 

sociotechnical risks associated with infrastructure projects as well as investigating the 
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sociotechnical system processes and techniques which are currently used in projects. 

Moreover, it was considered that the use of both quantitative and qualitative techniques 

would help to substantiate the data obtained by the different methods and increase the 

validity of the results (Bryman, 2004).  

A comprehensive review of STS-based methods in different domains was carried out, 

including (1) safety, risk, reliability and accident prevention, (2) the human factor, 

human behaviour and ergonomics, (3) information systems, information technology and 

the internet of things, (4) organisational design, work system and management studies 

and (5) design science. The human factor, human behaviour and ergonomics (2), 

organisational design, work system and management studies (4), and design science (5) 

operate at the qualitative end of the spectrum, while the rest tend to be more quantitative 

in nature (Imanghaliyeva, 2020a).  

4.4. Results  

4.4.1. General overview of 103 identified STS-based methods in different domains  

103 STS-based methods (see Tables 4.3-4.3b below) have been identified within the 

five domains, as listed below.  

Table 4.3 103 Sociotechnical System-based methods identified in different domains between 
1951-2019 (Imanghaliyeva, 2020a)  

103 identified Sociotechnical System-based methods in different domains between 1951-2019 
№ Methods № Methods 

(1) Sociotechnical System-based 
methods on Safety, Risk, Reliability and 

Accident Prevention 

(3) Sociotechnical System-based methods in Information 
Systems, Information Technology and Internet of  

Things 
1 Accident Analysis Technique 

(AcciMap) 
53 Mumford: Effective Technical and Human 

Implementation of Computer-based Work Systems 
(ETHICS) 

2 Fault Tree Analysis (FTA) 54 End-user participation in HIT development 
(EUPHIT) method  

3 Causal tree method (CTM) or INRS 
method 

55 Agent-based modelling technique (ABM) 

4 Management oversight and risk tree 
(MORT)  

56 Actor Network Theory (ANT) 

5 NETworked hazard analysis and 
risk management system (NET-
HARMS) 

57 Ariadne 

6 Occupational Accident Research 
Unit (OARU)  

58 Future Technology Workshop (FTW) method 

7 Work accidents investigation 
technique (WAIT)  

59 GenderMag method 

8 Event analysis for systemic 
teamwork (EAST)  

60 Soft systems (SSM) methodology 

9 Multilinear events sequencing 
(MES)  

61 Socio-technical evaluation matrices (STEM) 

10 Control change cause analysis 62 Socio-technical walkthrough (STWT) 
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103 identified Sociotechnical System-based methods in different domains between 1951-2019 
№ Methods № Methods 

(3CA) 
11 Integrated Procedure of Incident 

Cause Analysis (IPICA) 
63 Semi-structured, socio-technical modelling method 

(SeeMe) 
12 Health Care Failure Mode and 

Effect Analysis (HFMEA) 
64 Organisational Requirements Definition for IT 

Systems methodology (ORDIT) 
13 Systematic cause analysis technique 

(SCAT) 
65 Tesseract: A sociotechnical dependency browser 

tool 
14 Integrated safety investigation 

methodology (ISIM)  
66 System dynamics (SD) 

15 Accident evolution and barrier 
function (AEB) 

67 Inquiry cycle 

16 Barrier and operational risk analysis 
(BORA) 

(4) Sociotechnical System-based methods in 
Organisational Design, Work system and Management 

Studies 
17 Barrier and operational risk 

analysis-Release (BORA-Release) 
68 Macroergonomic Work Analysis (MA) method 

18 TRIPOD  69 Analysis, Diagnosis and Innovation (ADInnov) 
method 

19 Norske Statesbaner (NSB) 70 Modified Sociotechnical Systems (MoSTS) 
methodology 

20 Systems-theoretic accident model 
and processes (STAMP)  

71 Bostrom and Heinen: STS design method  

21 Causal Analysis based on Systems 
Theory (CAST)  

72 Pava: STS design method 

22 Sociotechnical probabilistic risk 
assessment (ST-PRA)  

73 Socio-Technical System Design technique 

23 Systems Theoretic Process Analysis 
(STPA) 

74 Systems Scenarios Tool (SST) 

24 PreMiSTS 75 SEIPS-based process modelling method 
25 Man-Technology-Organisation 

(MTO) 
76 Sociotechnical scenario (STSc) method  

26 Management and Analysis of 
Projects method (MAP) 

77 Socio-technical roadmapping method 

27 System Theoretic Process Analysis 
for Privacy (STPA-Priv)  

78 Macroergonomic analysis and design (MEAD) 

28 Organisations Risk Influence Model 
(ORIM) 

79 COIM: An object-process based method  

29 Socio-Technical Security Analysis  80 Stabilize, evaluate, identify, standardize, monitor, 
implement, and control (SEISMIC) methodology 

30 Specification Risk Analysis tool  81 Sociotechnical design (SD) method 
31 Requirements Engineering with 

Scenarios for a User-centred 
Environment (RESCUE) 

82 Multi-Method or mixed approaches 

32 Functional Resonance Analysis 
Method (FRAM) 

83 Socio-technical experiments 

33 Failure Mode and Effect Analysis 
(FMEA) 

84 Bounded Socio-Technical Experiments (BSTE) 

34 Risk Situation Awareness Provision 
(RiskSOAP) methodology 

85 Socio-Technical Method for Designing Work 
Systems (STMDWS) 

35 Resilience Engineering (RE) 
approach 

86 Task allocation method (between and among 
humans and machines) 

36 Integrated use of cognitive mapping 
techniques and the Analytic 
Hierarchy Process (AHP) method 

87 Socio-technical Allocation of Resources (Star) 
toolkit  

37 Sociotechnical System Variance 
Analysis   

88 Cost effectiveness analysis  

38 RAMESES 89 KOMPASS 
(2) Sociotechnical System-based 

methods on Human Factor, Human 
90 Sociotechnical Tools: Scenarios Tool and Job 

Design Tool  
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103 identified Sociotechnical System-based methods in different domains between 1951-2019 
№ Methods № Methods 

Behaviour and Ergonomics 

39 Cognitive Work Analysis (CWA) 91 Paper-based tools 
40 Cognitive Work Analysis Design 

Toolkit (CWA-DT)  
92 Ethnographic method 

41 Cognitive Reliability and Error 
Analysis Method (CREAM) 

93 Process mapping techniques 

42 Hierarchical Task Analysis (HTA)  94 Work System Method (WSM) 
43 Human Factors Analysis and 

Classification System (HFACS)  
95 Delphi study 

44 Human Error Hazard and 
Operability (HE-HAZOP) analysis 

(5) Sociotechnical System-based methods in Design 
Science 

45 Human Factors Hazard Operability 
(HF-HAZOP) analysis 

96 Business Origami 

46 Systemic-theoretic accident model 
and processes based Human 
Reliability Analysis (STAMP based 
HRA) 

97 Cognitive Mapping  

47 HS-Ras 98 Collage 
48 Social Network Analysis (SNA) 99 Contextual Design 
49 Scenario Reliability analyser (SRA) 

tool  
100 Heuristic Evaluation 

50 Task Analysis for Error 
Identification (TAFEI)  

101 Meta-design 

51 Goals, Operators, Methods and 
Selection Rules (GOMS)  

102 Participatory design (PD) 

52 Sociotechnical Systems Analysis 103 Storyboards  
 

(1) Safety, risk, reliability and accident prevention: The use of STS-based methods is 

widespread in this domain, across many fields of organisational activity, including 

military operations, aviation, and many others (Jenkins et al. 2008; Baxter et al. 2011; 

Waterson et al. 2015). A total of 38 STS-based methods were identified and included 

(Tables 4.3 and 4.3a) in this domain. The majority of these methods tend to serve as 

tools for identifying, mitigating and prioritising the risks, uncertainties and failures 

associated with human error, non-standard practices, and procedural non-compliance, 

any of which that can dramatically degrade the performance of the entire system (see 

Table 4.3) (Imanghaliyeva, 2020a). 

There is a broad range of STS-based methods in this domain, ranging from failure, 

hazard and risk event analysis methods to more sophisticated variance identifying 

methods. The methods reviewed can be further categorised into the following types:  

(i) Failure, hazard and risk event analysis methods 

(ii) Root cause analysis methods 

(iii)Barrier analysis methods  
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(iv) STAMP-based methods 

(v) Risk managing methods 

(vi) Failure prediction methods  

(vii) Variance identifying methods 

Table 4.3a Sociotechnical System-based methods on Safety, Risk, Reliability and Accident 
Prevention 

(1) Sociotechnical System-based methods on Safety, Risk, Reliability and Accident Prevention 
Type №                     Methods 

  
(i) Failure, 

hazard and 
risk event 
analysis 
methods 

 

1 Accident Analysis Technique (AcciMap) 
2 Fault Tree Analysis (FTA) 

3 Causal tree method (CTM) or INRS method 
4 Management oversight and risk tree (MORT) 
5 NETworked hazard analysis and risk management system (NET-

HARMS) 
6 Occupational Accident Research Unit (OARU) 
7 Work accidents investigation technique (WAIT) 
8 Event analysis for systemic teamwork (EAST) 
9 Multilinear events sequencing (MES) 

10 Control change cause analysis (3CA) 
(ii) Root cause 

analysis 
methods 

 

11 Integrated Procedure of Incident Cause Analysis (IPICA) 
12 Health Care Failure Mode and Effect Analysis (HFMEA) 
13 Systematic cause analysis technique (SCAT) 
14 Integrated safety investigation methodology (ISIM) 

(iii) Barrier 
analysis 
methods 

 

15 Accident evolution and barrier function (AEB) 
16 Barrier and operational risk analysis (BORA) 
17 Barrier and operational risk analysis-Release (BORA-Release) 
18 TRIPOD 
19 Norske Statesbaner (NSB) 

(iv) STAMP-
based 
methods 

 

20 Systems-theoretic accident model and processes (STAMP) 
21 Causal Analysis based on Systems Theory (CAST) 

(v) Risk managing 
methods 

 

22 Sociotechnical probabilistic risk assessment (ST-PRA) 
23 Systems Theoretic Process Analysis (STPA) 
24 PreMiSTS 
25 Man-Technology-Organisation (MTO) 
26 Management and Analysis of Projects method (MAP) 
27 System Theoretic Process Analysis for Privacy (STPA-Priv) 
28 Organisations Risk Influence Model (ORIM) 
29 Socio-Technical Security Analysis 

(vi) Failure 
prediction  
methods 

30 Specification Risk Analysis tool 
31 Requirements Engineering with Scenarios for a User-centred 

Environment (RESCUE) 
32 Functional Resonance Analysis Method (FRAM) 
33 Failure Mode and Effect Analysis (FMEA) 
34 Risk Situation Awareness Provision (RiskSOAP) methodology 
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(1) Sociotechnical System-based methods on Safety, Risk, Reliability and Accident Prevention 
Type №                     Methods 

35 Resilience Engineering (RE) approach 
36 Integrated use of cognitive mapping techniques and the Analytic 

Hierarchy Process (AHP) method 
(vii) Variance 

identifying 
methods 

37 Sociotechnical System Variance Analysis 
38 RAMESES 

 

In order to further familiarise a reader with the STS-based methods from this domain 

brief overview of each type is presented below.  

(i) Failure, hazard and risk event analysis methods  

Failure, hazard and risk event analysis methods are used to represent system failures and 

their causes. For example, the Accident Analysis Technique (AcciMap) is a method that 

uses a systemic control structure (based on Rasmussen’s risk framework (1997, 1998)) 

to guide the analyst in the identification of failures across six systematic levels.  

Several of the methods use tree diagram techniques to analyse the causes of events and 

accidents. For example, Fault Tree Analysis (FTA) is a tree-like diagram that represents 

a specific event (an accident), where and all the possible actions or events that could 

contribute to the event under investigation are represented as a tree to show the logical 

connections and causes leading to that particular accident (Benner, 1975; Lee et al. 

1985; Ericson, 1999; Winter,1995; Stanton et al. 2013; etc.). The Causal tree method 

(CTM), often called the INRS method, originally developed by Leplat (1978) for the 

French Institute National de Recherche et de Sécurité (INRS) is also based on an idea 

that accidents occur as a result of variations in or deviations from a usual process 

(Miguel et al. 2013). The Management oversight and risk tree (MORT) (Katsakiori et 

al., 2009) identifies hazardous forms of energy and deviations from planned and normal 

production process (Johnson, 1973; 1975; 1980; Knox et al. 1992; Katsakiori, et al. 

2009; etc.). The NETworked hazard analysis and risk management system (NET-

HARMS) identifies existing risks across overall work systems, and emergent risks which 

arise when these risks interact with each other (Dallat et al. 2018).  

Various methods have been developed that focus specifically on determining the causes 

of occupational accidents. A method developed at the Occupational Accident Research 

Unit (OARU) of the Royal Institute of Technology in Stockholm in Sweden (Kjellén et 

al. 1981) involves describing the accident sequence and identifying the determining 

factors. The Work Accidents Investigation Technique (WAIT), which was developed by 
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Jacinto and Aspinwall (2003) for use in occupational accidents within industry 

identifies active failures, influencing factors, and organisational and management 

deficiencies in the sequence of events and the subsequent effects on the system. Event 

analysis for systemic teamwork (EAST) can be used to describe the emergent properties 

that arise the system level from the complex interactions of the human and technical 

components of a system, focusing on what ‘did happen’ (Stanton et al., 2006; Walker et 

al. 2009, 2010; Baber et al. 2012; Stanton et al. 2014, 2017). Multilinear events 

sequencing (MES) is a charting technique showing the events chronologically ordered 

on a time-line and thus focusing on the actions that take place during the accident 

sequence, without attempting to go back to deeper causation (for example: Benner, 

1975; Gardner, 2010). Such techniques can also be used to analyse road traffic 

accidents. For instance, Control change cause analysis (3CA) considers an 

accident/incident as a sequence of events in which undesired changes occur. For 

example, applying 3CA to an expressway emergency rescue decision enables the cause 

of the accident to be analysed quickly and straightforwardly, while the barriers and 

controls which can prevent the development of further accidents from the initial one can 

be taken into account (Kingston, 2007; Katsakiori et al. 2009).  

(ii) Root cause analysis methods   

The Systematic Cause Analysis Technique (SCAT) is a widely used methodology for the 

structured analysis of incidents, developed by the International Loss Control Institute 

(ILCI) in the US in the late 1980s (Kjellén and Hovden, 1993). Based on Heinrich’s 

domino theory (1941) and its updated version (Bird, 1974), SCAT is a vertical root-

cause analysis approach that explains why the incident happened. Health Care Failure 

Mode and Effect Analysis (HFMEA) (Ashley et al., 2010) was designed by the US 

National Centre for Patient Safety (NCPS) to identify the possibility of deviations from 

the planned process assess their associated the risks and then to identify and carry out 

the corrective actions required to address these risks (e.g., DeRosier et al. 2002; Esmail 

et al. 2005; Van Tilburg et al. 2006; Ashley et al., 2010; Jun, 2010; Prijatelj et al., 

2013). Aimed at reducing the risk of errors, it is used to identify potential failures and 

their causes before future services are provided (e.g., Esmail, et al., 2005; Van Tilburg, 

et al., 2006; Prijatelj et al., 2013). The Integrated Safety Investigation Methodology 

(ISIM) was developed in 1998 by the Transportation Safety Board (TSB) of Canada, 

with the aim to integrate the analysis of safety deficiencies with accident investigation 

process, using Reason’s (1990) accident causation model (Ayeko, 2002). Thus, rather 
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than focusing on the decisions and actions of front-line operators, using ISEM 

procedures the investigator is directed to search for any latent unsafe practices or 

conditions inherent in the work system that could have provided the opportunity for 

those actions to occur and then to consider the options for controlling that risk (Ayeko, 

2002). Integrated Procedure of Incident Cause Analysis (IPICA) is a method designed 

to undertake a universal root cause analysis of an STS (Ferjencik, 2011). As the name 

suggests, it provides an integrated view of different types of causes obtained by 

integrating the assumptions that were made about the structure of safety management in 

the process under investigation (Ferjencik, 2011).  

(iii) Barrier analysis methods  

The main principle of these methods is that it is possible to create barrier functions, 

involving an operator, an instruction and an emergency control system, to prevent a 

sequence of events developing between any two successive errors in a system (human 

and/or technical). Accident Evolution and Barrier (AEB) function was developed in 

1991 in the nuclear power industry by modelling each accident as a series of 

interactions between human and technical agents. It is to study safety barriers and their 

functions (e.g., Svenson, 2000; Harms-Ringdahl, 2001; Katsakiori et al., 2009). Barrier 

and Operational Risk Analysis (BORA) (Eidesen et al., 2009) includes the idea of 

barrier performance, including both barriers to prevent occurrence of initiating events 

and barriers to avoid or reduce consequences, and then analyses the influence of 

technical, human, operational and organisational factors on performance of the barriers 

(e.g. Vinnem et al., 2003, 2004; Aven et al., 2006). A further development of this 

method, Barrier and Operational Risk Analysis – Release method (known as BORA-

Release) (Perez et al., 2018) was developed to avoid the release of hydrocarbons from 

oil and gas platforms. It was designed to establish the degree to which platform-specific 

conditions might affect the barriers’ performance, including risk-influencing human, 

operational, and organisational factors, as well as technical factors (e.g., Aven et al., 

2006; Sklet et al., 2006; Baxter et al., 2011). Another method used in the oil industry is 

TRIPOD (Transparent Reporting of a Multivariable Prediction Model for Individual 

Prognosis or Diagnosis) (Parisi et al., 2020), developed jointly by the University of 

Leiden and University of Manchester (Wagenaar et al., 1994). TRIPOD follows 

Reason's accident causation model and is premised on the idea that accidents are caused 

mainly by organisational failures, and that a particular accident is triggered by the 

failure of one or more barriers.  
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Norske Statesbaner (NSB) is an accident analysis technique developed in the early 

2000s by the Norwegian State Railways (e.g. Skriver et al., 2003; Katsakiori et al., 

2009). By integrating the approaches of Reason (1997) and Hollnagel (2002), NSB 

focuses on the interaction of human, technical and organisational factors (Skriver et al., 

2003). This method uses a questionnaire to map the sequence of events that occurred 

and identify the specific points at which barriers may have been broken or were not 

present in the first place. It takes into account human factors, including procedures and 

documentation, training available, communication, work preparation, the work 

environment and task completion and both local and organisational management. On 

the technical side it takes into account tools and equipment as well as the human-

systems interface (Skriver et al., 2003).  

(iv) STAMP-based methods 

Systems-theoretic Accident Model and Processes (STAMP) is a method that combines a 

taxonomy and systemic structure of control to help to reveal the presence of errors or 

causal factors within complex systems which may have contributed to accidents 

occurring (e.g. Leveson, 2004, Qureshi, 2007; Kazaras et al., 2012). The method is 

based on the premise that accidents occur due to inappropriate energy transfers which 

are allowed to evolve due to insufficient safety barriers (e.g. Leveson, 2004). Causal 

Analysis based on STAMP (CAST) allows the entire STS to be examined in a series of 

steps taking into account both separate causes and systemic causal factors (interactions) 

(Düzgün et al., 2018; Puisa et al., 2019). CAST provides a systems engineering 

perspective through a qualitative analysis method which considers causal scenarios 

exhaustively to find the worst-case scenario (e.g., Düzgün et al., 2018; Puisa et al., 

2019).  

(v) Risk management methods 

These are analytic techniques used to analyse and predict risks in a wide range of 

complex organisational situations in industry, healthcare and many other fields. 

Sociotechnical probabilistic risk assessment (ST-PRA) (Marx et al., 2003) is to examine 

rare but high impact events in complex systems in the aviation and nuclear industries 

(e.g., Marx et al., 2003; Battles et al., 2004; Marx et al., 2008). It is also used in medical 

applications, providing a tool for proactive identification, prioritisation and mitigation 

of patient safety risk (e.g., Marx et al., 2008). Systems Theoretic Process Analysis 

(STPA) identifies and analyses failures of the system due to both the human operators 
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and software components (e.g. Ishimatsu et al., 2010; Young et al., 2013; Ishimatsu et 

al., 2014). In contrast, PreMiSTS is a method that predicts malfunctions in 

sociotechnical systems (Clegg et al., 2017). Man-Technology-Organisation (MTO) 

analysis is a set of techniques, used to analyse the relationships between humans and 

their activities in the organisational and technological context (e.g., Bento, 1992; 

Rollenhagen, 1995; Andersson et al., 2002; Hartford et al., 2016). It considers how 

human, organisational, and technical factors can interact to constitute a risk, and also 

serves to explain accidents that have happened. The Management and Analysis of 

Projects (MAP) is a meta-method aimed to assist managers to design, analyse and 

manage the trajectory of complex situations where there is ambiguity and uncertainty 

(Bredillet, 2008). It offers a set of concepts, together with the appropriate tools and 

techniques to provide effective and efficient structures and processes for acting and 

learning in various complex situations. Systems Theoretic Process Analysis for Privacy 

(STPA-Priv) is a method to identify privacy risk using a top down approach 

(Mindermann et al., 2017). Supported by a tool called XSTAMPP, it locates complex 

privacy risks that are derived from sociotechnical interactions in a system (Mindermann 

et al., 2017). The Organisations Risk Influence Model (ORIM) controls risk during the 

operation of a process; it estimates organisational factors by risk indicators and then 

finds out how these influence the failure modes (Quien, 2001). It is used in risk control 

during the operation of offshore installations. Socio-Technical Security Analysis is used 

to analyse industrial control systems (ICS) to reveal risks associated with social, 

technical, and organisational security (e.g. Ferreira et al., 2014; Green et al., 2014). 

(vi) Failure prediction methods can be applied as early as in the design stage of a 

system. Specification Risk Analysis is a tool that offers a structured approach to analyse 

one or several product architectures regarding their key challenges (Wagner, 2007). It 

helps designers to identify potential deficiencies of the product based on its 

specifications. Requirements Engineering with Scenarios for a User-centred 

Environment (RESCUE) it offers tools to support users in specifying requirements for 

complex sociotechnical systems (Sun et al., 2018) and was designed to be used in the 

domain of air traffic control (e.g. Jones et al., 2005). To assist the specification process, 

it integrates human activity modelling and system goal modelling using the i* notation, 

alongside supplementary creative design workshops (e.g., Maiden et al., 2003; Jones et 

al., 2005; Damodaran et al., 2006).  
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There are some general methods, among which the most well-known and widely used is 

Functional Resonance Analysis Method (FRAM), which describes STS by the functions 

they perform, rather than how they are structured, and provides an in-depth assessment 

of each of the safety components (e.g. Lundblad et al., 2008; Rosa et al., 2015; Taylor, 

2017; Anvarifar et al., 2017). Failure Mode and Effect Analysis (FMEA) is based on a 

systematic brainstorming session that finds out what could go wrong with a system or 

process (e.g. White, 1995; McDermott et al., 1996; Stamatis, 2003). It is a proactive 

method for systematically evaluating a process to identify possible points and modes of 

failure and to assess the relative impact of different types of failures, with the aim of 

prioritising the parts of the process where change is most needed. Risk Situation 

Awareness Provision (‘RiskSOAP’) focuses on the situation awareness (SA) of the 

agents and operators in a system. It helps analysts to assess the distribution of SA using 

a set of indicators that measure the capability of a complex STS to provide its agents 

with sufficient awareness of threats and vulnerabilities in the system. A central element 

of the Resilience Engineering (RE) is to improve the resilience of the operation. This is 

done through a workshop run by operational experts with the aim to produce a range of 

recommendations to redesign this operation in a way that will improve its resilience. 

The Analytic Hierarchy Process (AHP) is a method used to support strategic planning in 

the residential real estate market. To do these residential safety indices are created using 

integrated cognitive mapping techniques (Oliveira et al., 2018).  

(vii)Variance identifying methods 

In Sociotechnical System Variance Analysis (Trist, 1959), a variance matrix and several 

key variance control tables are constructed to identify key variances and seek 

improvements to the diagnostic testing process (e.g. Hallock et al., 2016). The idea 

offers a frame of reference for empirical studies of industrial firms (Hallock et al., 2003; 

2016; Oliveira et al., 2018). This method, based on a framework of an “open 

sociotechnical system” has been used for empirical studies in different organisations 

(e.g. Hallock et al., 2003, 2016). 

RAMESES helps organisations in the complex task of planning and implementing 

system changes and is used to evaluate the likely effectiveness of proposed changes 

such as introducing new business processes or software systems (Edwards et al., 1999). 

It provides a self-assessment mechanism that small/medium organisations (SMEs) can 
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use with confidence to determine the likely risk/benefit from undertaking the proposed 

change (e.g. Edwards et al., 1999; Greenhalgh et al., 2011; Wong et al., 2013).  

(2) Human factor, human behaviour and ergonomics: It is widely acknowledged that 

the availability of sociotechnical critical systems still depends on human operators, 

through both the reliability of humans and their ability to handle unexpected events 

adequately (Imanghaliyeva, 2020a). Human error has been consistently identified as a 

major contributory factor in a high proportion of incidents in complex, dynamic 

systems; for example, human or pilot error has been found to be the main cause of 

commercial aviation incidents (e.g., Rong et al., 2015; Stanton, 2006). Human factor 

(HF) researchers have paid much attention to the complex construct of human error. 

Therefore, it makes sense to have methods for assessing human errors and human 

factors in complex STSs. A total of 14 STS-based methods have been identified and 

included (Tables 4.3) (Imanghaliyeva, 2020a). 

Traditional techniques for analysing tasks were focused mainly on simply providing a 

physical description of the tasks being carried out. However, agents undertaking activity 

in today’s complex systems face increasing demands on their cognitive skills and 

resources. Thus, cognitive task analysis (CTA) techniques are employed to investigate 

the cognitive processes employed by agents in performing tasks. The Cognitive Work 

Analysis (CWA) framework (Vicente, 1999; Salmon, 2007) is currently receiving the 

most attention from the HF community. This framework was designed to model the 

different types of constraints within a given work system in a complex STS and how the 

work can proceed within these constraints. Based on this, the Cognitive Work Analysis 

Design Toolkit (CWA-DT) takes the output of the CWA to its next stage, providing 

guidance and tools to assist in applying the outputs of CWA to design processes, while 

taking into account the values and principles of STS theory (Read et al., 2014, 2015, 

2016). The Cognitive Reliability and Error Analysis Method (CREAM) analyses the 

effects of human performance on system safety, for use in probabilistic risk assessment 

(Kariuki, 2007). Thus, it can be used both predictively, to predict potential human error, 

and retrospectively, to analyse and quantify error (Hollnagel, 1998). Hierarchical Task 

Analysis (HTA) (Stanton, 2006; Salmon et al., 2009) is a structured approach to describe 

a user’s performance of tasks, while the Human Factor Analysis and Classification 

System (HFACS) is a systems approach that examines organisational and supervisory 

failures in systems (e.g. Shappell et al., 2000; Patterson et al., 2010; Lenné, et al., 2012; 

Chauvin et al., 2013; Hulme et al., 2019).  
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Hazard and operability (HAZOP) is a method widely used to analyse risk in heavy 

industries, particularly chemical, oil and gas. It uses a structured methodology, which 

provides guidelines to assist in identifying process deviation, together with its causes 

and effects. Where possible, it also helps to propose risk-mitigation measures. Human 

Error Hazard and Operability (HE-HAZOP) analysis also aims to identify potential 

problems in the safety domain (Walker et al., 2016). Similarly, Human Factors Hazard 

Operability (HF-HAZOP) has been used in the railway industry to identify the issues 

and hazards involved when introducing new track worker safety technology 

(McClanachan et al., 2013). It depends on the participants of the HAZOP team and 

requires an experienced facilitator. 

The Systemic-theoretic Accident Model and Processes-based Human Reliability 

Analysis (STAMP-based HRA) considers human-related accidents and identifies 

contributing factors and causal relationships (Rong et al., 2015; Imanghaliyeva, 2020a). 

This method was developed as a result of the inadequacy of sequential accident models 

in analysing human errors within STS (Imanghaliyeva, 2020a), which are mainly 

devoted to analysing errors in low-level tasks which with easily identified sequences, 

rather than searching for systemic errors and their possible causes (Rong et al., 2015). 

This method helps to analyse human-related accidents and identify contributing factors 

and causal relationships based on STAMP (Rong et al., 2015). The Minuteman (MM) 

III missile accident was taken to exemplify the use of this approach (Rong et al., 2015). 

HS-RAS (HFACS-STAMP for Railway Accidents) (Li et al., 2019) is a hybrid method 

that seeks to identify the part played by both human and organisational factors as 

potential causes of railway accidents. HS-RAs combines the human error categories 

derived from HFACS with the highly-structured systematic analysis carried out in 

STAMP to build an explanation of the mechanisms active failures are able to be 

promulgated across systems and organisations. The HS-RAs method, together with the 

perspective of human information processing, can be used to analyse human errors by 

tracking the causal chain that arises from the time when the agent first receives 

information to the point where the control actions are implemented. This method was 

used to undertake a case study of the 2011 Yong-Wen railway collision (Li et al., 2019) 

and can be used to retrospectively identify causal human factors in major railway 

accidents and recommend appropriate countermeasures to avoid the occurrence of 

similar accidents (Li et al., 2019).  
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Social Network Analysis (SNA) analyses organisations, focusing on the relationships 

between people and/or groups in an organisation, particularly in terms of the formal and 

informal information flows that take place between them. It provides an avenue for 

analysing these flows of information and comparing them with the work processes that 

have been officially laid down (e.g. Leavitt, 1951; Krackhardt et al., 1986; Streeter et 

al., 1993; Wasserman et al., 1994; Dekker, 2000, 2002; Borgatti et al., 2002; Breiger, 

2004; Martino et al., 2006; McGloin et al., 2010; Meneely et al., 2011). SNA uses 

networks and graph theory to investigate social structures. In this process the individual 

entities are represented as nodes (Dallat et al., 2019), and their interactions or 

relationships are represented by the ties, edges, or links (Dallat et al., 2019) connecting 

them within the networked structures. The System Requirements Analyzer (SRA) tool 

assesses the level of human error and thus the reliability in complex sociotechnical 

systems (e.g. Gregoriades et al., 2003, 2005). The technique is based on the principles 

of Bayesian Belief Networks (BBN) for reasoning under uncertainty (Gregoriades et al., 

2002). The use of BBN in the SRA enables the analyst to rapidly pinpoint poorly 

performing system components when it is run against operational scenarios 

(Gregoriades et al., 2003, 2005). 

Task Analysis for Error Identification (TAFEI) models the interaction between the user 

and a device to predict errors that might arise when using that device. For example, this 

method has been used, to improve the safety of an orthopaedic robot system and to 

predict human error during the requirements analysis stage (Stanton et al., 1996; Baber 

et al., 2002; Stanton et al., 2004; Kuang, 2009 (p.10); Salmon et al., 2009). Goals, 

Operators, Methods and Selection Rules (GOMS) is a user-focused method and 

operators’ prediction technique that is based on the assumption that when interacting 

with a computer the users’ approach is a type of problem solving approach (Salmon et 

al., 2009).  

Sociotechnical Systems Analysis integrates ergonomic interface design, function 

allocation and other macro-ergonomic tools (Kleiner, 2006, pp.82-83). It is largely used 

by STS practitioners in work related to large-scale organisational evaluation and change 

in academia, industry, government and consultancy agencies (Karwowski, 2001; 

Kleiner, 2006). 

3) Information systems (IS), information technology (IT) and internet of things 
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The link between STS and IT/IS is rooted in the work of Enid Mumford in the 1960s, 

who realised that an essential part of an IS, which was constantly neglected by system 

engineers and system designers (Imanghaliyeva, 2020a), was the organisational aspects 

of the work system. Mumford’s Effective Technical and Human Implementation of 

Computer-based Work Systems (ETHICS) is based on the participative (socio-technical) 

approach to IS development. It provides a participative structure, in which users and 

technical specialists can express their points of view on an equal basis (Mumford, 1983; 

Fok et al., 1987; Mumford, 1995; Stahl, 2007). This idea led to the development of a 

variety of STS-based methods in IS and IT (Imanghaliyeva, 2020a). For example, the 

End-user participation in HIT development (EUPHIT) method is similar to ETHICS and 

serves for studying and understanding end-user participation in health information 

technology (HIT) development (Høstgaard, 2012; Høstgaard, et al., 2013). Agent-based 

modelling (ABM) is a technique that analyses complex STS to discover possible 

emergent properties from a bottom-up perspective (Charitoudi et al., 2014). In ABM, 

computational models are used to simulate the actions and interactions of autonomous 

agents (which may be individuals, organisations or groups) to assess their impact on the 

whole system (e.g., Joslyn et al., 2000; Bonabeau, 2002; Lee et al., 2008; Nikolic et. al., 

2011).  

 Actor Network Theory (ANT) combines ‘hard’ and ‘soft’ data to provide a platform that 

can deal with situations involving multiple interdependencies and where there are non-

linear relationships under chaotic assumptions (Law, 1992; Walsham, 1997; Law et al., 

1999; Munro, 2009; Legardeur et al., 2010; Cresswell et al., 2011; Farías et al., 2012; 

Cucciniello et al., 2015). Ariadne is employed in software development projects as a 

visualisation tool through which end users can explore the sociotechnical relationships 

involved in the software (Duval et al., 2001; Knoblock et al., 2001; Hu et al., 2005; de 

Souza et al., 2007; Trainer et al., 2008). The Future Technology Workshop (FTW) 

method is used to design future sociotechnical systems. Non-professional individuals 

with everyday experience of a particular technology, for example, digital cameras, can 

input their own ideas into designing future technology and the activities associated with 

it and suggest how it might interact with current activities (Vavoula et al., 2002, 2003; 

Vavoula, 2007; Sharp, et al., 2003; Haley et al., 2004). The GenderMag method is a 

semi-automating method that builds a human-adaptive sociotechnical system based on a 

process and a set of materials to support the application of the process. It can be used to 

help software practitioners to find and fix "bugs" in their software that are related to 
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gender-inclusivity (Mendez et al., 2018). Soft systems methodology (SSM) is a problem-

structuring tool for information management, information strategy and business analysis 

(Rose et al., 2012) It helps managers to address poorly-structured problems by 

collaborating with stakeholders in a process of mutual questioning and reflection 

(Checkland et al., 1990; Mingers et al., 1992; Lehaney et al., 1996; Checkland, 2000; 

Bunch, 2003; Tajino et al., 2005; Checkland et al., 2006; Rose et al., 2012).  

Socio-technical evaluation matrices (STEM) make explicit “…the cultural issues in 

collaborative and multidisciplinary teams in IS design” (Camara et al., 2010, p.10). 

STEM is an interactive web application designed to support and facilitate sociotechnical 

discussions in a collaborative environment (Camara et al., 2010, 2013). Socio-technical 

walkthrough (STWT) has been proven to be useful as a record keeping strategy which 

encourages participants to capture and immediately document the communication 

process that is taking place regarding a new system (Kunau et al., 2005; Herrmann, 

2009; Herrmann et al., 2011; Loser et al., 2011, 2012).  

Semi-structured socio-technical modelling (SeeMe) is a suitable method to express and 

analyse the contingent relationships of social structures alongside the formal 

specifications of a technical solution (Herrmann, et al., 2000, 2004, 2012; Herrmann, 

2006, 2009).  

Organisational Requirements Definition for IT Systems (ORDIT) is a methodology that 

analyses dependencies between agents (who may be users or stakeholders) and 

computer systems in operational environments. The method was employed in a naval 

context to explore the impact of automation in a new class of warships on human 

resource planning in the British Navy (Blyth et al.,1993; Dobson et al., 1994; Sutcliffe, 

2000; Strain et al., 2000). Similarly, Tesseract is a sociotechnical dependency browser 

tool which aims to help software developers to successfully match the requirements for 

coordination and communication in a project they are working on. It allows the many 

complex cross-linked interactions and connections that occur between artefacts, 

developers, bugs to be visualised and explored by means cross-linked displays (Sarma 

et al., 2009; Mistrík et al., 2010; Steinmacher et al., 2010; Sureka et al., 2011; Portillo-

Rodríguez et al., 2014). System dynamics (SD) offers a set of analytical tools for 

modelling STS, which is well-fitted to capture multiple interdependencies and deal with 

the dynamics of different systems (Cooke, 2003; Cooke et al., 2006; Oladokun et al., 

2012; Hettinger et al., 2015). 
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Inquiry cycle provides rich insights into the human, social and organisational aspects of 

IS development and implementation. It is used in software development domains, 

international research and development projects, and as well as for teaching (Potts et al., 

1994; Sutcliffe, 2000; Eslinger et al., 2008).  

(4) Organisational design and management studies  

A total of 32 methods have been widely applied in designing new systems, redesigning 

existing systems and optimising the distribution of functions between humans and 

equipment. The main target of these methods is to improve and develop work systems, 

work processes and the working environment. The cases where these methods have 

been used demonstrate success in terms of either productivity or quality of working life. 

The methods reviewed can be further categorised into the following types 

(Imanghaliyeva, 2020a) – see Table 4.3b. 

Table 4.3b Sociotechnical System-based methods in Organisational Design, Work system and 
Management Studies 

(4) Sociotechnical System-based Methods in Organisational Design, Work Systems and 
Management Studies 

Type № Methods 

 68 Macroergonomic Work Analysis (MA) method 
(i) Work analysis, 

design and re-
design methods 

69 Analysis, Diagnosis and Innovation (ADInnov) method 

 70 Modified Sociotechnical Systems (MoSTS) methodology 
 71 Bostrom and Heinen: STS design method  
 72 Pava: STS design method 
 73 Socio-Technical System Design technique 
 74 Systems Scenarios Tool (SST) 
 75 SEIPS-based process modelling method 
(ii) Joint optimisation of 

social and technical 
systems (integrating 
technological 
developments with 
societal 
developments)   

 

76 Sociotechnical scenario (STSc) method  
77 Socio-technical road-mapping method 

(iii) Complex system 
analysis methods 

 

78 Macro-ergonomic analysis and design (MEAD) 
79 COIM: An object-process based method  
80 Stabilize, evaluate, identify, standardize, monitor, implement, 

and control (SEISMIC) methodology 
81 Sociotechnical design (SD) method 
82 Multi-Method or mixed approaches 

(iv) Experimental 83 Socio-technical experiments 
84 Bounded Socio-Technical Experiments (BSTE) 
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(4) Sociotechnical System-based Methods in Organisational Design, Work Systems and 
Management Studies 

Type № Methods 
methods 

(v) Function allocation 
methods 

85 Socio-Technical Method for Designing Work Systems 
(STMDWS) 

86 Task allocation method (between and among humans and 
machines) 

87 Socio-technical Allocation of Resources (Star) toolkit  
88 Cost effectiveness analysis  
89 KOMPASS 
90 Sociotechnical Tools: Scenarios Tool and Job Design Tool  

(vi)    Participative 

methods 

 

91 Paper-based tools 
92 Ethnographic method 
93 Process mapping techniques 
94 Work System Method (WSM) 
95 Delphi study 

 

(i) Work analysis, design and re-design methods 

The Macroergonomic Work Analysis (MA) method is concerned with the analysis, 

design, and evaluation of the work of STS (Westin, 1992; Azadeh 2000; Harsh, et al., 

2005; Azadeh et al., 2006; Kleiner, 2008; Guimarães et al., 2012;), whereas the 

Analysis, Diagnosis and Innovation (ADInnov) method supports the analysis, diagnosis 

and design of innovations in STS (Front et al., 2015; Cortes-Cornax et al., 2016). The 

Modified Sociotechnical Systems (MoSTS) methodology is intended to assist in re-

designing complex processes in the research and development field and particularly to 

analyse the impact that human factors might have on the success of the new process 

(Keating et al., 2001).  

Bostrom and Heinen’s STS design method is one of the traditional STS design methods 

that re-designs existing work systems for new site designs, using a basic set of process 

steps. It serves to guide the design of work systems in different types of offices: routine, 

non-routine, and mixed. However, there are few published studies regarding the 

successful use of this method (e.g., Bostrom & Heinen, 1977; Fok et al., 1987).  

The Socio-Technical System Design technique is also used to re-design existing work 

systems and create new site designs (Taylor, 1975). It has been applied in over 100 

known cases of work system restructuring. The Systems Scenarios Tool (SST) also helps 

to design or re-design work systems, by examining aspects of work tasks, the work 

domain, and the wider environment/context (Hughes et al., 2017). 
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The SEIPS-based process modelling method is used to analyse processes involved in 

delivering health care. It is able to handle the complex socio-technical systems involved 

in this field and their inherent variables and uncertainties. It has a wider focus than 

many methods currently employed in this field, which merely describe the tasks and 

processes carried out in the system. Thus, the rich descriptions can also be used to 

evaluate the whole process (e.g., Carayon et al., 2006; Holden et al., 2013; Frith 2013; 

Wooldridge et al., 2017).  

(ii)  Joint optimisation of social and technical systems (integrating technological 

developments with societal developments)   

The Sociotechnical scenario (STSc) method explores the interaction between social and 

technological innovation (e.g., Elzen et al., 2002, 2004; Hofman et al., 2010). It offers 

insights into the various complex processes at work in systems change, including 

potential links between various options, especially when these might lead to beneficial 

combinations of technological, societal and institutional changes (Hofman et al., 2010). 

This very wide ranging method describes a proposed systems change by taking into 

account the driving forces and analysing the mutual effect of the strategies and 

behaviour of relevant stakeholders, as well as the technology itself. It has been widely 

applied in the electricity system in the Netherlands (Hofman et al., 2010), in transition 

policy and in the traffic and transport domain (e.g., Elzen et al., 2002, 2004). The Socio-

technical Roadmapping Method also aims to enable better integration of technological 

and societal developments when planning and designing transport policies (e.g., 

McDowall et al., 2006; Tuominen et al., 2010; Ahlqvist et al., 2010). The method was 

tested in a case study of the transport system in Finland. It produced three different 

roadmaps outlining possible technology that could be used in future transport services 

(Ahlqvist et al., 2010).  

(iii) Complex system analysis methods 

These methods emphasise the importance of taking into account social and 

organisational factors in order to design safe and effective work systems, processes and 

equipment (Kleiner et al., 2015). Macroergonomic analysis and design (MEAD) offers a 

perspective for more successful design, development, intervention in and 

implementation of human-system integration (e.g., Kleiner, 2004, 2006; Haro et al., 

2008; Kleiner et al., 2015; Murphy et al., 2018). This method was developed based on 
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the previously mentioned traditional sociotechnical methods of Emery and Trist (1978), 

Taylor and Felton (1993), and Clegg et al. (1989), based on experience in implementing 

large-scale changes in academic institutions, businesses and government organisations 

(Kleiner, 1996; 2004). It has been widely used in studying incidents involving large 

complex systems such as the Three Mile Island, Bhopal, Chernobyl and the Challenger 

disaster. Similarly, COIM: An object-process based method combines the representation 

stage of the Complex, Large-Scale, Inter-Connected, Socio-Technical (CLIOS) Process 

with Object-Process Methodology (e.g., Osorio et al., 2011). The methodology known 

as Stabilize, evaluate, identify, standardize, monitor, implement, and control (SEISMIC) 

is a sociotechnical based system aimed to decentralise technical knowledge by making 

manual operators rather than technical staff to be responsible for maintaining product 

quality (e.g. Hong et al., 2007; Rødseth et al., 2016). Similarly, the Sociotechnical 

design (SD) method aims to develop products and systems which generate benefits by 

focusing on satisfying the basic needs of those in the bottom layer of the social pyramid 

(e.g. de Macedo Guimarães et al., 2012).  

(iv) The concept of Multi-Method or Mixed Approaches refers to the use of multiple 

(quantitative and qualitative) methods and focuses on the temporal and feedback aspects 

of the process and social process modelling, emphasising how collaboration and shared 

meanings are developed (Gil-Garcia et al., 2006). This approach has been illustrated by 

two case studies to e-government research, among others, which employed multi-

method approaches to compare the benefits and drawbacks in large- and small-scale 

projects (e.g. Gil-Garcia et al., 2006; Dean et al., 2007).  

(v) Experimental methods 

The term Socio-technical experiments refers to types of experiments that emphasise 

both sociological and technical parts of a design (Hansen, 2006). However, such 

experiments are designed to test the effectiveness of the socio-technical network 

involved, rather than that of the technology involved or the users (e.g. Bossen, 2002; 

Christensen et al., 2002; Bardram 2003; Bardham et al., 2003, 2004; Hansen, 2006). 

Bounded Socio-Technical Experiments (BSTE) are feasibility studies carried out on a 

small scale to test a new technology or service before putting it on the market (Ceschin, 

2010). Such experiments are often associated with attempts to advance the social 

sustainability agenda and involve collaborations between diverse groups of actors and 

are driven by long term and large-scale visions of advancing a social agenda (e.g., 
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Brown et al., 2003; Vergragt et al., 2004; Vergragt et al., 2006; Ceschin, 2010). The 

methods have been applied in urban settings in the Netherlands and the USA to trial the 

idea of green housing and personal mobility, and in sustainable transportation, 

technologies and services and product service systems in the automobile industry (e.g. 

Ceschin, 2010).  

(vi) Function allocation methods 

These methods are designed to optimise the allocation of human, organisational and 

technical or physical resources in a process. The Socio-Technical Method for Designing 

Work Systems (STMDWS) aims to maximise the effectiveness of operations so that they 

can be carried out with fewer operators, if possible. To do this it attempts to specify the 

optimal distribution of functions between the operators and equipment, and among the 

human operators (e.g., Corbridge et al., 1999, 2016; Cook et al., 2000). Similarly, the 

Task Allocation Method (between and among humans and machines) is used to study 

tasks involving the use of technology to find the most effective allocation of the work 

between the humans and machines (e.g., Older et al., 1997; Hoc 2000; Waterson et al., 

2002). The Socio-technical Allocation of Resources (Star) toolkit is aimed at assisting 

decision makers responsible for allocating resources or managers involved in service 

planning, such as hospital trusts or providers. The toolkit comprises a technical tool to 

be employed alongside a workshop-led process (e.g. Davis 2015; Reddy et al., 2016, 

2017; Demir et al., 2017). Cost effectiveness/cost benefit analysis is also used as a 

systematic tool to inform resource allocation decisions in healthcare (e.g., Airoldi et al., 

2011; Guimarãeset et al., 2012). KOMPASS assists in making decisions to allocate 

functions in automated systems. However, it also takes into account human, 

technological and organisational factors and integrates these in designing work systems 

(e.g. Wäfler et al., 1997; Grote et al., 2000; Grote, 2004; Jenkins, 2008). Sociotechnical 

Tools: Scenarios Tool and Job Design Tool is a practical tool to create a detailed matrix 

showing a proposed form of work organisation. This lays out in detail the roles, tasks, 

and division of responsibilities that will be allocated to different job grades in the work 

process (Axtell, 2001; Nadin et al., 2001). This tool has been widely implemented in the 

UK, in the field of Advanced Processing Machinery (APM) (Axtell, 2001; Nadin et al., 

2001). 

(vii) Participative methods 
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Paper-based tools can still fulfil additional functions not yet available from electronic 

information systems (Iversen et al., 2015). For instance, in the medical context, with 

patient lists in hand, nurses can record, consult and share patient information at the 

patient’s bedside in a way that could not be done via the EPR system (e.g., Iversen et 

al., 2015). The Ethnographic method is a widely-used method in social sciences that 

was originally derived from anthropological studies. This qualitative method provides 

unique insights by enabling a researcher to observe and even interact with the subjects 

being studied, in their real-life environment. It was applied in an ESLA task 

investigating social learning within the Australian Defence Organization (ADO), and 

has been used in developmental cultural psychology, business research and many other 

fields (e.g. Heider, 1972; Isaac, 1980; Axinn et al., 1991; Jessor et al., 1996; Gold, 

1997; Ali et al., 2000; Miller et al., 2003). Process mapping techniques are used to 

depict the relationships among the activities, individuals, data and objects involved in 

the production of a particular output (e.g., Hunt, 1996; Biazzo, 2002; Okrent et al., 

2004). The Work System Method (WSM) aims to help professionals in business or 

technical fields to employ systems thinking in situations involving operational systems 

and to assist them in understanding the system and being able to communicate at the 

appropriate level of detail (e.g., Alter 2009, 2011). It is particularly useful where the 

data is incomplete or there is a lack of available technical expertise. The focus of WSM 

is sociotechnical: it sees work systems with human participants rather than technical 

systems with users (e.g. Alter, 2009, 2011; Flores et al., 2000; Truex et al., 2011; 

Recker et al., 2012).  

The Delphi study is an instrument for capturing, recording, sifting and combining 

opinions and perceptions obtained from a group of expert participants (van Deursen et 

al., 2013). It is widely used as a diagnostic tool to establish and interpret what is the 

consensus on real issues, particularly technology, communication and participation in 

social or health-related areas (e.g., Fleuren et al., 2004; Landeta, 2006; Seuring et al., 

2008; van Deursen et al., 2013).    

(5) Design Science 

These methods allow users to be creative and act as designers (see Tables 4.3 and 4.4) 

(Imanghaliyeva, 2020). For instance, ‘Business Origami’ is a value-centred 

collaborative design method that enables design teams to paper-prototype a physical 

representation of a system (Hanington et al., 2012). The method was invented at the 

Hitachi Design Centre to help the teams to understand the environments in which end-
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users and their team-mates would be situated. It is also used to alongside 

other qualitative research methods, to supplement their findings (e.g. Hanington et al., 

2012; Fox, 2014; Busche, 2014). It is widely used in complex ecosystems, such as low-

fidelity prototyping and in designing technology (e.g., Hanington et al., 2012). 

Cognitive Mapping is an information visualisation technique that can be used as a 

decision- and sense-making tool (e.g. Downs et al., 1973; Evans et al., 1980; Olton et 

al., 1980; Hanington et al., 2012). It reveals the ways in which individuals think about a 

problem space and provides a visualisation of the way in which they are they processing 

and making sense out of what they are experiencing (Hanington et al., 2012). Collage is 

a technique through which design teams can obtain insights and be inspired with new 

ideas. This is stimulated by letting participants project their thoughts, emotions and 

longings onto a visual object (e.g. Eastlake, 1960; Credland et al., 2003; Van 

Schalkwyk, 2010; Hanington et al., 2012; Chatfield et al., 2014) (see Table 4.4). 

Storyboards help to understand consumers’ engagement with products by capturing in a 

visual form the key social, environmental, and technical factors that form the context of 

how, where, and why this engagement takes place (e.g., Landay et al., 1996; Newman, 

et al., 2000; Bailey et al., 2001; Van der Lelie, 2006; Simon, 2012; Hanington et al., 

2012).  Storyboards are widely used in film and television production, to pre-visualise 

films, animations, or interactive media sequences and allow changes at an early stage of 

production or even in the design process itself (Hanington et al., 2012).  

Contextual Design prescribes a reliable course of action that guides a team as it 

transitions through the stages of the design process (e.g., Beyer et al., 1997,1999; 

Holtzblatt et al., 2004; Vilpola et al., 2006; Holtzblatt, 2009; Hanington et al., 2012). It 

involves ethnographic field studies to gather relevant data and uses this data to 

rationalise workflows and design human-computer interfaces (e.g., Hanington et al., 

2012). In Heuristic Evaluation the user interface is inspected systematically to reveal 

any usability problems (Cronholm et al., 2013). This is important in order to pinpoint 

critical missing dialogue elements in the early stages of the design process (e.g. Nielsen 

et al., 1990; Nielsen, 1992, 1994; Baker et al., 2002; Mankoff et al., 2003; Clune, 2007; 

Pinelle et al., 2008; Hanington et al., 2012; Cronholm et al., 2015) (see Table 4.4). 

Meta-design aims to enable new forms of collaborative design by defining and creating 

new social and technical infrastructures that give designers the freedom to be creative 

by engaging in personally meaningful activities. To do this it identifies the 

characteristics of objectives, techniques, and processes that allow users to act as 
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designers (Fischer et al., 2000). It is widely used in end-user development (EUD) 

activities, such as customisation, component configuration and programming (e.g. 

Fischer et al., 2000; Fischer, 2000; Fischer et al., 2006; Fischer, 2007, 2009; Fischer et 

al., 2011) (see Table 4.4). Participatory design (PD) is a user-centred design method 

which considers all aspects of a sociotechnical system and involves users in the 

decision-making processes by consulting them on specific issues (e.g. Kuhn et al., 1993; 

Muller et al., 1993; Carroll, 1996; Törpel, 2005; Pilemalm et al., 2007; Törpel et al., 

2009; Hasvold et al., 2011). The chapter also evaluates the visibility (occurrence) and 

validity of identified STS-based methods (see Table 4.4). The outcomes will help the 

author innovate practical ways to explore the STS issues in infrastructure projects.
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Table 4.4 103 identified Sociotechnical System-based methods in different domains between 1951-2019 (descriptions and applications) 
№ Methods Description Visibility 

(occurrence) 
Validity References  Application 

(1) Sociotechnical System-based methods on Safety, Risk, Reliability and Accident Prevention 

1 Accident Analysis 
Technique (AcciMap) 

Analyses the causes of accidents and incidents that occur in 
complex sociotechnical systems.  

H H e.g. Rasmussen (1997, 1998), Qureshi 
(2007), Jenkins et al. (2010), Parnell et 
al. (2017).  

F-111 chemical exposure of Royal 
Australian Air Force (RAAF) maintenance 
workers. A case study of the Stockwell 
shooting. Legislation in the road 
transport domain.  

2 Fault Tree Analysis 
(FTA) 

Represents a failure event and its possible causes as a tree- 
diagram, attributing them to  hardware failure or human error. 

H H e.g. Benner (1975), Lee et al. (1985), 
Ericson (1999), Winter (1995), 
Karsakiori et al. (2009), Stanton et al. 
(2013).  

Technique adopted by the Department 
of Defence in US military, but it could 
also be applied in any domain. 

3 Causal tree method 
(CTM) or INRS method 

Identifies, lists and analyses  the variations and their causal 
relations and displays them in the form of a tree diagram. 

H M e.g. Leplat (1978), Vasconcelos et al. 
(2013), Nunes et al. (2015). 

Healthcare, accident investigation  

4 Management oversight 
and risk tree (MORT)  

Provides a long checklist to aid investigation of the facts at the 
management and organisational levels.  

H M e.g. Johnson (1973; 1975; 1980), Knox 
et al. (1992), Katsakiori et al. (2009).  

Suitable for large formally-run 
organisations; applied by US Atomic 
Energy Commission, in different nuclear 
power production processes  

5 NETworked hazard 
analysis and risk 
management system 
(NET-HARMS) 

Helps to  identify (1) risks across overall work systems, and (2) 
emergent risks that are created through interactions of  risks 
across the system. 

M Validation 
data is 
limited. 

Dallat et al.(2018) Leading school outdoor education 
programme 

6 Occupational Accident 
Research Unit (OARU)  

Describes the accident sequence and identifies the determining 
factors. Deviations in the system indicate it has entered the 
state of lack of control.  

M M Kjellén et al.(1981,1993), Larsson 
(1993), Katsakiori et al. (2009) 

Used in occupational accident studies 

7 Work accidents 
investigation technique 
(WAIT)  

Examines the context of  each active failure noted, and identifies 
its influencing factors the working environment and the 
workplace  

L M Jacinto et al. (2003) Developed for use in investigating 
occupational accidents in industry 
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

8 Event analysis for 
systemic teamwork 
(EAST)  

By focusing on what really ‘did happen’, it reveals how 
emergent properties arise at system level due to complex 
interactions of human and technical components.  

H H Stanton et al. (2006), Walker et al. 
(2009, 2010), Baber et al. (2012),  
Stanton et al. (2014, 2017) 

Military command and control, Air 
Traffic Control; a case study of the 
training of a 
Royal Navy crew detecting a low flying 
hawk (simulating a sea-skimming 
missile) 

9 Multilinear events 
sequencing (MES)  

Charting technique involving a chronologically-ordered 
sequence of events shown on a time-line.  

M M Benner (1975), Gardner (2010) etc. Accident investigation  

10 Control change cause 
analysis (3CA) 

Designed to identify events in the sequence which are 
'significant' in the sense that they reduce control and allow 
further unwanted changes to occur.  

L M Kingston (2007), Katsakiori et al. (2009) The 'Defining Operational Readiness to 
Investigate the project' 005-2006  

11 Integrated Procedure of 
Incident Cause Analysis 
(IPICA) 

A universal root cause analysis of the sociotechnical system.   L  M Ferjencik (2011) An analysis of the Walkerton tragedy 
from 2000 

12 Health Care Failure 
Mode and Effect 
Analysis (HFMEA) 

Designed to identify the possibility of deviations from the 
planned process, to assess the risks associated with these 
variations and to identify and implement corrective actions to 
address these. Aimed at reducing the risk of errors.  

H H e.g. DeRosier et al. (2002), Esmail et al. 
(2005), Van Tilburg et al. (2006), Prijatelj 
et al. (2013) 

Healthcare: Patient safety: prospective 
risk analysis system; proactive risk 
analysis in a paediatric oncology ward; 
evaluation of procedures such as the 
sterilization and use of surgical 
instruments.                           

13 Systematic cause 
analysis technique 
(SCAT) 

SCAT is presented as a chart that contains the accident 
causation process.  

M M Kjellén et al.(1993), Katsakiori et al. 
(2009), etc.  

Loss Control 

14 Integrated safety 
investigation 
methodology (ISIM)  

Determines the sequence of events and identifies underlying 
factors and unsafe conditions.  

L M Ayeko (2002). Transportation Safety; Workshop on 
Investigation and Reporting of Incidents 
and Accidents  

15 Accident evolution and 
barrier function (AEB) 

Addresses safety barriers and their functions. Describes the 
accident evolution in a flow diagram, showing human and 
technical errors.  

M M e.g. Svenson (2000), Harms-Ringdahl 
(2001), Katsakiori et al.(2009), etc. 

Specifically intended for investigating 
near-misses in the nuclear industry.  

16 Barrier and operational 
risk analysis (BORA) 

Introduces barriers and how technical, human operational and 
organisational aspects influence their performance.  

M M Vinnem et al. (2003, 2004). Offshore petroleum operations: 
Norwegian offshore petroleum industry 
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

17 Barrier and operational 
risk analysis-Release 
(BORA-Release) 

Analyses the effect of safety barriers and how platform-specific 
conditions of technical, human, operational and organisational 
risk factors influence the barriers’ performance.  

L M Aven et al. (2006), Sklet et al. (2006).  Offshore oil industry; different complex 
systems, etc. 

18 TRIPOD Delta Diagnostic evaluation tool that produces general failure types 
that cover human, organisational and technical problems.  

M M Wagenaar et al. (1994), Katsakiori et. al. 
(2009). 

Used in complex accidents in the high-
tech industries, and particularly for the 
oil industry 

19 Norske Statesbaner 
(NSB) 

Identifies the sequence of events and where barriers were 
broken or missing; uses a questionnaire addressing factors such 
as procedures/documentation, training, communication, 
human-systems interface, tools and equipment, work 
preparation and local management, organisational 
management, work environment and task completion.  

M M Skriver et al. (2003), Katsakiori et al. 
(2009) etc. 

The method was developed specifically 
for the rail industry.    

20 Systems-theoretic 
accident model and 
processes (STAMP)  

Analyses human, organisational and technical (hardware and 
software) factors and investigates potential accidents before 
they occur in complex socio-technical system.  

H H Qureshi (2007), Kazaras et al. (2012), 
Leveson (2004) etc. 

Analysis of flawed control; analysis of 
the Black Hawk fratricide during the 
operation Provide Comfort in Iraq in 
1991  

21 Causal Analysis based 
on Systems Theory 
(CAST)  

Provides a system engineering perspective on accident analysis.  L M Düzgün et al.(2018), Puisa et al. (2019) The Soma Mine Disaster in 2014; the 
case of cruise ship Le Boreal in 2015   

22 Sociotechnical 
probabilistic risk 
assessment (ST-PRA)  

Serves to  identify, prioritise and mitigate risks that can degrade 
the performance of the system. 

M M Marx et al. (2003), Battles et al. (2004), 
Marx et al. (2008) etc. 

Proactive risk assessment at hospital. 
Agency for Healthcare Research and 
Quality (AHRQ). National Aeronautics 
and Space Administration (NASA)  

23 Systems Theoretic 
Process Analysis (STPA) 

Hazard analysis technique which builds on STAMP; a process 
and accident model using concepts of system and control 
theory.  

H M Ishimatsu et al. (2010), Young et al. 
(2013), Ishimatsu et al. (2014), etc. 

Air Traffic Management (ATM) 

24 PreMiSTS Method for predicting malfunctions in sociotechnical systems.  L M Clegg et al. (2017) Severe breakdowns in patient care at 
the  UK's Mid-Staffordshire NHS 
Foundation Trust hospital 2005-2009; 
the fatal Grayrigg rail accident in 
Cumbria, UK, in 2007 
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

25 Man-Technology-
Organisation (MTO) 

Considers how human, organisational, and technical factors can 
interact to constitute a risk, and also serve to explain accidents 
that have happened.  

M M Bento (1992), Rollenhagen (1995), 
Andersson et al. (2002) 

Forsmark nuclear power plant (NPP) in 
Sweden; atomic energy domain; etc. 

26 Management and 
Analysis of Projects 
method (MAP) 

Constitutes a set of concepts, methods, tools and techniques for 
designing, analysing and managing the trajectory of complex 
situations.  

L Validation 
data is 
limited.  

Bredillet (2008) Management education 

27 System Theoretic 
Process Analysis for 
Privacy (STPA-Priv)  

Identifies complex privacy risks that are derived from 
sociotechnical interactions in a system.  

L M Mindermann et al. (2017) Elicit Privacy Risks in eHealth 

28 Organisations Risk 
Influence Model 
(ORIM) 

Estimates organisational risk factors via risk indicators and then 
finding out how they influence the failure modes.  

L Validation 
data is 
limited. 

Quien (2001) Risk control during operation of offshore 
installation  

29 Socio-Technical 
Security Analysis  

Analyses social, technical and organisational security challenges, 
in regard to industrial control systems (ICS).  

L M Green et al. (2014), Ferreira et al. (2014) Industrial Control Systems (ICS)  

30 Specification Risk 
Analysis tool  

Avoids possible product deficiencies and provides risk mitigation 
measures.  

L Validation 
data is 
limited. 

Wagner (2007)  Product Development 

31 Requirements 
Engineering with 
Scenarios for a User-
centred Environment 
(RESCUE) 

Specifies requirements for complex sociotechnical systems by 
integrating human activity modelling, creative design 
workshops, system goal modelling using i* notation, systematic 
scenario walkthroughs, and best practice in requirements 
management.  

M M Maiden et al. (2003), Jones et al.( 2005) Air traffic control 

32 Functional Resonance 
Analysis Method 
(FRAM) 

Provides an in depth assessment of each safety component. 
Describes socio-technical systems by the functions they 
perform, rather than how they are structured.  

H H Lundblad et al. (2008), Rosa et al. 
(2015), Anvarifar et al. (2017) etc. 

Generic method which can be applied to 
different complex systems. Case study: 
Nuclear fuel transportation 

33 Failure Mode and Effect 
Analysis (FMEA) 

Systematic brainstorming session that finds out what could go 
wrong with a system or process.  

H H White (1995), McDermott et al. (1996), 
Stamatis (2003), etc. 

US Army; Apollo space programme; 
manufacturing industry etc. 
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

34 Risk Situation 
Awareness Provision 
(RiskSOAP) 
methodology 

Measures the capability of a complex socio-technical system to 
provide its agents with situational awareness (SA) about the 
presence of its threats and vulnerabilities and enables analysts 
to assess distributed SA. 

L M Chatzimichailidou et al. (2015, 2016) Robotic system 

35 Resilience Engineering 
(RE) approach 

A pragmatic approach for analysing the resilience of future air 
traffic management operational concepts and improving their 
design.  

L M Everdij et al. (2018) Air traffic management 

36 Integrated use of 
cognitive mapping 
techniques and the 
Analytic Hierarchy 
Process (AHP) method 

Creates residential safety indices that might serve as decision 
support for strategic planning in the residential real estate 
market.  

L Validation 
data is 
limited. 

Oliveira et al. (2018) Residential real estate 

37 Sociotechnical System 
Variance Analysis   

Helps to identify key variances and makes suggestions for 
improvements to the diagnostic testing process. Performed by 
constructing a variance matrix and several key variances’ control 
tables.  

H H Hallock et al.(2003) etc. Used in different organisations.  

38 RAMESES Explicitly assists organisations in evaluating the effectiveness of 
their proposed changes. Provides a self-assessment mechanism 
that small organisations (SMEs) can use with confidence to 
determine the risk/benefit they will accrue, whether considering 
business processes or software systems change.    

 M M Edwards et al. (1999), Greenhalgh et al. 
(2011), Wong et al. (2013) 

Small organisations (SMEs) 

       

(2) Sociotechnical System-based methods on Human Factor, Human Behaviour and Ergonomics 

39 Cognitive Work Analysis 
(CWA) 

A methodology to develop complex sociotechnical systems.   H H Rasmussen et al. (1990), Oosthuizen et 
al. (2013), Stanton et al. (2013), St-
Maurice et al. (2015), Rauffet et al. 
(2015), Stanton et al. (2016), Read et al. 
(2016), etc.  

Systems modelling, systems design, 
interface design and evaluation and 
development of human performance 
measures, in fields such as aviation, 
health care, command and control, 
process control and road transport 



 

89 
 

№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

40 Cognitive Work Analysis 
Design Toolkit (CWA-
DT)  

Provides guidance and tools to assist in applying the outputs of 
CWA to design processes to incorporate the values and 
principles of sociotechnical systems theory.  

L M Read et al. (2014, 2015, 2016) Rail level crossing (RLX) domain 

41 Cognitive Reliability 
and Error Analysis 
Method (CREAM) 

Provides an appraisal of the consequences of human 
performance on system safety, which can be used in 
probabilistic risk assessment.  

L Validation 
data is 
limited. 

Hollnagel (1998) Nuclear power industry; can be applied 
in any domain involving the operation of 
complex, dynamic systems.  

42 Hierarchical Task 
Analysis (HTA)  

A structured approach to describing user’s performance of 
tasks.   

L M Stanton (2006), Salmon et al. (2009) Process control and power generation 
industries, emergency services, military 
applications, civil aviation, driving, public 
technology,  retail, etc. 

43 Human Factors Analysis 
and Classification 
System (HFACS)  

A systems approach that examines organisational and 
supervisory failures in systems.  

H Validation 
data is 
limited. 

Shappell et al.(2000), Patterson et al. 
(2010), Lenné et al. (2012),  Chauvin et 
al. (2013) etc. 

Mining incidents, maritime accidents, 
aviation domain, air traffic control, 
healthcare practice, surgery operations, 
rail domain  

44 Human Error Hazard 
and Operability (HE-
HAZOP) analysis 

Aims to identify potential problems in safety domain.  L M Walker et al. (2016) Analysing the death Star from the film 
‘Star Wars’.  

45 Human Factors Hazard 
Operability (HF-HAZOP) 
analysis 

Identifies issues and hazards of implementing new track worker 
safety technology. It is dependent on the participants on the 
HAZOP team and requires an experienced facilitator.  

L M McClanachan et al. (2013)  Automatic Track Warning Systems 
(ATWS) 

46 Systemic-theoretic 
accident model and 
processes based 
Human Reliability 
Analysis (STAMP based 
HRA) 

Identifies a human-related accident and identifies contributing 
factors and causal relationships based on STAMP.  

L Validation 
data is 
limited. 

Rong et al. (2015) Minuteman (MM) III missile accident  

47 HS-RAS Identifies and analyses human and organisational factors 
involved in railway accidents.  

L M Li et al. (2019) Yong-Wen railway collision in 2011 
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

48 Social Network Analysis 
(SNA) 

Analyses organisations focusing on the relationships between 
people and /or groups as the most important aspect. Provides 
an avenue for analysing and comparing formal and informal 
information flows in an organisation, as well as comparing 
information flows with officially defined work processes.   

H H Leavitt (1951), Krackhardt et al. (1986), 
Streeter et al. (1993),  Wasserman et al. 
(1994), Dekker (2000, 2002), Borgatti et 
al. (2002),  Breiger (2004), Martino et al. 
(2006), McGloin et al. (2010), Meneely 
et al. (2011) 

Large corporations; military 
organisations; emergency services; 
criminology; restaurant business; hotel 
and tourism business; social and 
behavioural sciences; economics, 
marketing, industrial engineering and 
widely used in many other spheres of 
the society.  

49 Scenario Reliability 
analyser (SRA) tool  

Evaluates the reliability of a sociotechnical system with a 
number of scenarios that could occur during the system's 
operation.  

M Validation 
data is 
limited. 

Gregoriades et al. (2003, 2005) Human-machine interaction  

50 Task Analysis for Error 
Identification (TAFEI)  

Enables people to predict errors with device use by modelling 
the interaction between the user and the device under analysis. 

H M Stanton et al. (1996), Baber et al. 
(2002), Stanton et al. (2004), Salmon et 
al. (2009) 

Public technology and product design  

51 Goals, Operators, 
Methods and Selection 
Rules (GOMS)  

User’s methods and users’/operators’ prediction technique 
based upon the assumption that the users’ interaction with a 
computer is similar to solving problems.  

L H Salmon et al. (2009) Driver distraction, investigating its causal 
influence on motor-vehicle crashes  

52 Sociotechnical Systems 
Analysis 

Integrates ergonomic interface design, function allocation and 
other macro-ergonomic tools.  

H H Karwowski (2001) Largely used in STS practitioners’ work 
with large scale organizational 
evaluation and change in academia, 
industry, government and consultancy 
agencies 

 
  

     

(3) Sociotechnical System-based methods in Information Systems, Information Technology and Internet of Things 

53 Mumford: Effective 
Technical and Human 
Implementation of 
Computer-based Work 
Systems (ETHICS) 

Provides a participative structure in which the users and 
technical specialists can express their points of view on an equal 
basis.  

H H Mumford (1983), Fok et al. (1987),  
Mumford (1995), Stahl (2007) 

Rolls Royce Aero-Engine Division, 
Turners Asbestos Cement, Chemco, 
Asbestos Ltd. and the Inland Revenue in 
London and others.  
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

54 End-user participation 
in HIT development 
(EUPHIT) method  

Serves for studying and understanding end-user participation in 
HIT development.  

L M Høstgaard (2012), Høstgaard et al. 
(2013)  

Health Information technology (HIT) 

55 Agent-based Modelling 
technique (ABM) 

Analyses complex socio-technical systems; discovers possible 
emergent properties from a bottom-up perspective.  

H H Joslyn et al. (2000), Bonabeau (2002), 
Lee et al. (2008), Nikolic et al. (2011) 
etc. 

There are extensive empirical studies 
using this method. 

56 Actor Network Theory 
(ANT) 

Provides a platform to integrate both ‘hard’ and ‘soft’ data 
together, which involves multiple interdependencies with non-
linear relationships under chaotic assumptions.   

H   H  Law (1992), Walsham (1997), Law et al. 
(1999), Munro (2009), Legardeur et al. 
(2010), Cresswell et al. (2011), Farías et 
al. (2012), Cucciniello et al. (2015) etc. 

Information systems (Electronic Medical 
Record (EMR) system; electronic health 
record systems, etc.); urban studies 
(e.g., space, culture, politics, economy 
etc.), and other fields.   

57 Ariadne A visualisation tool that allows end users to explore the socio-
technical relationships in software development projects.  

H M Duval et al. (2001), Knoblock et al. 
(2001), Hu et al. (2005), de Souza et al. 
(2007), Trainer et al. (2008) 

Software engineering: The socio-
technical dependencies in the main 
package of open-source Java project 
‘Tyrant’; 4-A program for simulation of 
QDS cascades  

58 Future Technology 
Workshop (FTW) 
method 

Designs future sociotechnical systems. Provides a way of 
exploring the interactions between technologies and activities, 
now and in the future.  

H H Vavoula et al. (2002, 2003), Sharp, et al. 
(2003), Haley et al. (2004) 

Design of New Technology for Children; 
mobile learning environment; design of 
new technologies and activities, etc.   

59 GenderMag method Semi-automating method that builds human-adaptive 
sociotechnical system.  

L M Mendez et al. (2018) The GenderMag Recorder’s Assistant 
open source project 

60 Soft Systems (SSM) 
methodology 

A problem-structuring tool for information management, 
information strategy and business analysis; can help in 
addressing ill-structured problems faced by managers, in 
collaboration with stakeholders using questioning and 
reflection.  

H H Checkland et al. (1990), Mingers et al. 
(1992), Lehaney et al. (1996), Checkland 
(2000), Bunch (2003), Tajino et al. 
(2005), Checkland et al. (2006), Rose et 
al. (2012) 

Information management; information 
strategy and business analysis; 
Automating a largely manual 
administrative (examination) 
information system in a  Pakistani 
University; UPDATE   

61 Socio-technical 
Matrices (STEM) 

Makes explicit cultural issues in collaborative and 
multidisciplinary teams in information system design.  

L M Camara et al. (2010, 2013) Multi-disciplinary and multicultural 
Village eScience for Life (VeSeL) project 
(Camara, 2010).  



 

92 
 

№ Methods Description Visibility 
(occurrence) 
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62 Socio-technical 
Walkthrough (STWT) 

Proved as reasonable and helpful to make the documentation of 
the communication progress a task which accompanies the 
discourse about the new system immediately.   

H H Kunau et al. (2005), Herrmann (2009), 
Herrmann et al. (2011), Loser et al. 
(2011, 2012) 

Information security management 
system; information technology; 
reorganisation and knowledge 
integration in a University Library; 
drifting service development; 
collaborative voting; Case 2: A Logistic 
Enterprise goes Web 

63 Semi-structured, socio-
technical modelling 
method (SeeMe) 

Suitable when expressing the contingent relationships of social 
structures as well as the formal specifications of a technical 
solution.   

H M Herrmann, et al. (2000, 2004),  
Herrmann (2006, 2009) 

Five empirical cases in Computer 
Supported Cooperative Work (CSCW) 

64 Organisational 
Requirements 
Definition for IT 
Systems methodology 
(ORDIT) 

Analyses dependencies between users/stakeholders agents and 
computer systems in the operational environment.  

H M Blyth et al. (1993), Dobson et al. (1994), 
Sutcliffe (2000), Strain et al. (2000)  

A method demonstrated in a Royal Navy 
context to explore the impact of 
automation in a new class of warships 
and on human resource planning in the 
Navy.  

65 Tesseract: A 
sociotechnical 
dependency browser 
tool 

Utilises cross-linked displays to enable exploration of the myriad 
relationships between artifacts, developers, bugs, and 
communications. Helps developers achieve a better match 
between the coordination requirements and communications in 
their own projects. 

H H  Sarma et al. (2009), Steinmacher et al. 
(2010), Mistrík et al. (2010),  Sureka et 
al. (2011), Portillo-Rodríguez et al. 
(2014) 

Software engineering; creating the 
projects (GNOME project data, open 
source software projects)  

66 System dynamics (SD) Well fitted to capture multiple interdependencies; dealing with 
dynamics in different systems. A systems-based approach is 
seen as a set of analytical tools for modelling STS.   

H H Cooke (2003), Cooke et al. (2006), 
Oladokun et al. (2012), Hettinger et al. 
(2015) 

Used in different areas related to 
sustainability, safety and construction 
studies  

67 Inquiry Cycle Focuses on pinpointing where and when information needs 
occur; uses scenarios to investigate barriers to effective use 
(called obstacles) that may arise in the social domain.  

H H Potts et al. (1994), Sutcliffe (2000), 
Eslinger et al. (2008) 

Software development domains; 
international research and development 
projects; teaching etc. 

 

 
        

(4) Sociotechnical System-based methods in Organisational Design, Work System and Management Studies 
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

68 Macroergonomic Work 
Analysis (MA) method 

Concerned with the analysis, design, and evaluation of work of 
sociotechnical systems.  

H H Westin (1992), Azadeh (2000), Harsh et 
al. (2005), Azadeh et al. (2006), Kleiner 
(2008), Guimarães et al. (2012),  

Information and Communication 
technology (ICT); manufacturing; 
training systems development; large-
scale organizational change; Brazilian 
footwear sector etc. 

69 Analysis, Diagnosis and 
Innovation (ADInnov) 
method 

Supports the analysis, diagnosis and the design of innovations in 
sociotechnical ecosystems.  

L L Front et al. (2015), Cortes-Cornax et al. 
(2016)  

Sociotechnical ecosystems: The InnoServ 
Project and InnoServ Project 1  

70 Modified Sociotechnical 
Systems (MoSTS) 
methodology 

Analyses a complex technical process in the research and 
development sector, facilitates analysis for process redesign, 
particularly where human influences may have a significant 
impact on success.   

L M Keating et al.(2001) Complex technical processes; industrial 
laboratories; understanding existing 
processes, understanding the existing 
business, defining technical and 
organisational requirements.  

71 Bostrom and Heinen: 
STS design method  

Redesigns existing work systems and used for new site designs.  L M Bostrom & Heinen (1977), Fok et al. 
(1987)  

Redesigning an information system used 
by the circulation department of a large 
newspaper. There is limited published 
evidence for the use of the method 
developed by Bostrom and Heinen. 

72 Pava: STS design 
method 

A method to guide information systems design in different types 
of offices: routine, non-routine, and mixed.  

M M Pava (1983, 1986), Fok et al. (1987) There is limited published evidence for 
the use of the method developed by 
Pava.  

73 Socio-Technical System 
Design technique 

Redesigns existing work systems, creates new site design H H Taylor (1975) Available over 100 known cases of work 
system restructuring 

74 Systems Scenarios Tool 
(SST) 

Helps design or redesign work systems, examines aspects of 
work tasks, work domain, aspects of the wider 
environment/context.  

L M Hughes et al. (2017) Designing the UK telehealth application   
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

75 SEIPS-based process 
modelling method 

Facilitates process analysis of the complex socio-technical 
systems characterising healthcare delivery, including how the 
system responds to the variations inherent in health care. 
Produces descriptive outputs but also supports process 
evaluation, filling a gap of many currently utilised methods, 
which focus on describing tasks and processes.   

M M Carayon, et al.( 2006), Holden et al. 
(2013), Frith (2013), Wooldridge et al. 
(2017) 

Healthcare  

76 Sociotechnical Scenario 
(STSc) method  

Explores the interaction between technological and social 
innovation. Gives insight into the various complex processes at 
work in systems change, in driving forces and promising 
combinations of technological, societal and institutional change.  

M M Elzen et al. (2002, 2004), Hofman et al. 
(2010)  

Electricity system in the Netherlands; 
transition policy; traffic and transport 
domain  

77 Socio-technical 
roadmapping method 

Provides a structured and often graphical means for exploring 
and communicating the relationships between evolving markets, 
products, and technologies over time.  

M M McDowall et al. (2006), Tuominen et al. 
(2010), Ahlqvist et al.(2010)  

Used to test Finnish case study providing 
three thematic, complementary 
roadmaps of the potential transport 
system technology services of the future  

78 Macroergonomic 
Analysis and Design 
(MEAD) 

Emphasises the critical impact of social and organisational 
factors on the design of safe and effective work systems, 
processes and equipment. Offers a perspective for more 
successful human-system integration (HFE) design, 
development, intervention and implementation and relates 
directly to HSI efforts. 

H M Kleiner (2004, 2006), Haro et al. (2008), 
Kleiner et al.(2015) Murphy et al.(2018) 

Large complex systems; Three Mile 
Island, Bhopal, Chernobyl and the 
Challenger disaster 

79 COIM: An object-
process based method  

Combines the representation stage of the Complex, Large-Scale, 
Inter-Connected, Socio-Technical (CLIOS) Process with Object 
Process Methodology.  

L M Osorio et al.(2011) Large-scale sociotechnical systems.  

80 Stabilize, Evaluate, 
Identify, Standardize, 
Monitor, Implement, 
and Control (SEISMIC) 
methodology 

A sociotechnical based system built on the decentralisation of 
technical knowledge and the transfer of responsibility for 
product quality from technical staff to manual operators.   

L M Hong et al.(2007), Rødseth et al.(2016) Complex manual assemblies 

81 Sociotechnical Design 
(SD) method 

Focuses on meeting the basic needs of people at the base of the 
social pyramid using waste as raw material for developing 
products/systems with high added value. 

L M de Macedo Guimarães et al. (2012) The development of eco-friendly shoes 
for the students in Brazilian public 
schools.  
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

82 Multi-Method or mixed 
approaches 

Refers to the use of multiple methods (quantitative and 
qualitative); emphasises the temporal and feedback aspects of 
the process and social process modelling that emphasises the 
way collaboration and shared meanings are developed. 

L M Gil-Garcia et al. (2006), Dean et al. 
(2007) 

Two case studies involving multi-method 
approaches to e-government research 
are presented to illustrate advantages 
and challenges in both large-scale and 
small-scale projects.  

83 Socio-technical 
experiments 

A type of experiment that emphasises both the sociological and 
the technical part of a design. By conducting a sociotechnical 
experiment, it is the socio-technical network that is tested and 
not the technology or the user.  

H H Christensen et al. (2002), Bossen (2002), 
Bardram (2003), Bardham et al. (2003, 
2004), Hansen (2006) 

The case of a zero-energy residential 
building; personal mobility; fuel cell 
technology etc. 

84 Bounded Socio-
Technical Experiments 
(BSTE) 

Provides an opportunity for testing the feasibility of a new 
technology or service before it is ready to enter the open 
market. Try outs innovative approaches for solving larger 
societal problems of unsustainable technologies and services.  

H H Brown et al. (2003), Vergragt et al. 
(2004), Vergragt et al. (2006), Ceschin 
(2010) 

Personal mobility and green housing in 
cities in the Netherlands and the USA; 
the case of sustainable transportation; 
the cases of unsustainable technologies 
and services; product service systems in 
the automobile industry, etc.   

85 Socio-Technical 
Method for Designing 
Work Systems 
(STMDWS) 

Optimises the distribution of functions between humans and 
equipment, and also between human operators to maximise 
operational effectiveness and to potentially reduce the number 
of operators required.  

L M Corbridge et al. (1999), Cook et al. 
(2000)  

Systems engineering practice: function 
allocation in the system.  

86 Task allocation method 
(between and among 
humans and machines) 

Allocates work between and among humans and machines and 
also covers how tasks involving the use of technology should be 
allocated (human-machine allocations).  

M M Older et al. (1997), Hoc (2000), 
Waterson et al. (2002) 

Redesign of a naval command and 
control (C2) subsystem; analysis, design 
and evaluation of man-machine systems; 
computer integrated manufacturing; 
automated work systems; simultaneous 
engineering projects; IT system design, 
etc.  

87 Socio-technical 
Allocation of Resources 
(Star) toolkit  

Combines a technical value-for-money analysis with extensive 
stakeholder engagement and discussion; enables commissioners 
to involve the wider community in the evaluation of a range of 
current or potential interventions.   

H M Davis (2015), Reddy et al. (2016, 2017), 
Demir et al. (2017) 

Internet of things; human-centred 
design  
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№ Methods Description Visibility 
(occurrence) 

Validity References  Application 

88 Cost effectiveness 
analysis  

Systematic tool to inform resource allocation decision in 
healthcare.  

L M Airoldi et al. (2011), Guimarães et al. 
(2012) 

Healthcare 

89 KOMPASS Provides function allocation decision in automated systems, 
taking into account the need for an integral consideration of 
people-related, technological and organisational factors in the 
design of work systems. 

M M Wäfler, et al. (1997), Grote et al. (2000), 
Grote (2004) 

Manufacturing; automated work 
systems etc.  

90 Sociotechnical Tools: 
Scenarios Tool and Job 
Design Tool  

Useful in providing a detailed document or matrix that describes 
the roles, tasks, and division of responsibilities that different job 
grades will undertake in the new work organisation.  

L M Axtell et al. (2001), Nadin et al. (2001) The case study implementing Advanced 
Processing Machinery (APM) across 
numerous sites, nationwide in UK 

91 Paper-based tools Serves purposes beyond and outside what is currently 
supported by current electronic information systems.  Patient 
lists allow nurses to immediately record, retrieve, and share 
relevant patient information at the point of care in a way that is 
not immediately available through the EPR system. 

H H Iversen et al. (2015) Widely used in all spheres of society.  

92 Ethnographic method Provides rich insights into the human, social and organizational 
aspects of information system development and 
implementation.  

H H Heider (1972), Isaac (1980), Axinn et al. 
(1991), Jessor et al. (1996), Gold (1997), 
Ali et al. (2000), Miller et al. (2003) 

The ESLA task investigating social 
learning within the Australian Defence 
Organization (ADO); the case of Dani 
colour names; developmental cultural 
psychology; archaeological theory 
building; business research etc. 

93 Process mapping 
techniques 

Shows the relationship between the activities, people, data and 
objects involved in the production of a specified output.   

M M Hunt (1996), Biazzo (2002), Okrent et al. 
(2004) 

Applied in various organisations to 
redesign business processes  

94 Work System Method 
(WSM) 

Supports systems thinking by business and/or technical 
professionals in situations involving operational systems in 
organisations. 

H H Alter (2009, 2011), Flores et al. (2000), 
Truex et al. (2011), Recker et al. (2012) 

IT-reliant work systems, business 
professionals 

95 Delphi study An iterative and structured process of listing, refining, and 
aggregating the opinions and perception of a group of experts. A 
usual instrument in the areas of technological and social 
diagnosis, consensus interpretations of social or health realities, 
communication and participation.   

H H Fleuren et al. (2004), Seuring et al. 
(2008), Van Deursen et al. (2013),etc. 

Used in different domains 
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(occurrence) 

Validity References  Application 

(5) Sociotechnical System-based methods in Design Science  

96 Business Origami Enables teams to paper-prototype the interaction and value 
exchange among people, artifacts and environments in a 
multichannel system.   

H H Hanington et al. (2012), Fox (2014), 
Busche (2014) 

UX Clinic; complex ecosystems; low-
fidelity prototyping; designing 
technology etc.    

97 Cognitive Mapping  An information visualisation technique that can be used as a 
decision-and sense-making tool. Reveals how people think 
about a problem space and visualise how they process and make 
sense of their experience.  

H H Downs et al. (1973), Evans et al. (1980), 
Olton et al. (1980), Jameson (1988), 
Eden (1988), Hardman et al. (1989), 
Golledge (1999), Hanington et al. (2012) 

A study of professional mobility in a 
large corporation through cognitive 
mapping; complex building design; 
information requirement analysis; large-
scale environments; virtual Morris water 
maze etc.  

98 Collage Allows participants to project their thoughts, feelings, and desire 
onto a visual artefact, providing insight and inspiration for 
design teams.   

H H Eastlake (1960), Credland et al. (2003), 
Van Schalkwyk (2010), Hanington et al. 
(2012), Chatfield et al. (2014) 

Information technology; healthcare; 
running screen-based collage sessions 
using custom-made software, etc.  

99 Contextual Design Prescribes a reliable course of action that guides the team as it 
transitions through the stages of the design process.  

H H  Beyer et al. (1997,1999), Holtzblatt et 
al. (2004), Vilpola et al. (2006), 
Holtzblatt (2009), Hanington et al. 
(2012)  

Widely used in interdisciplinary 
companies; defining customer-centred 
systems; human-computer interaction 
etc. 

100 Heuristic Evaluation A basis for systematic inspection of a user interface to find its 
usability problems. Helps to detect critical but missing dialogue 
elements early in the design process.    

H H Nielsen et al. (1990), Nielsen (1992, 
1994), Baker et al. (2002), Mankoff et al. 
(2003), Clune (2007), Pinelle et al. 
(2008), Hanington et al. (2012), 
Cronholm et al. (2015)  

Designing the IPhone User Experience; 
user interface; video game design; game 
playing etc.   

101 Meta-design Characterises objectives, techniques, and processes that allow 
users to act as designers and be creative in personally 
meaningful activities.  

H H Fischer et al. (2000), Fischer (2000), 
Fischer et al. (2006), Fischer (2007, 
2009), Fischer et al. (2011) 

End-user development (EUD) activities; 
customisation; component configuration 
and programming etc.   

102 Participatory Design 
(PD) 

A user-centred design method where users are only consulted 
on specific issues; the PD process involves the users in the 
decision-making process of all aspects of the sociotechnical 
system.  

H H  Kuhn et al. (1993), Muller et al. (1993), 
Carroll (1996), Törpel (2005), Pilemalm 
et al. (2007), Törpel et al. (2009), 
Hasvold et al. (2011) 

Industrial design, architecture, urban 
design, interaction design, 
communication design etc.  
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103 Storyboards  Help to visually capture the important social, environmental, 
and technical factors that shape the context of how, where, and 
why people engage with products.  

H H Landay et al. (1996), Newman, et al. 
(2000), Bailey et al. (2001), Van der Lelie 
(2006), Simon (2012), Hanington et al. 
(2012) 

Widely used in film and television pre-
production; reframe multichannel touch 
points; design alternatives in the early 
phases of the design process etc.   
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4.4.2. A side note on the visibility (occurrence) and validity of STS-based methods  

Having identified 103 STS-based methods a critical appraisal was needed of how the 

studies were designed and carried out in order to evaluate the soundness of these STS-

based methods, which could be taken into consideration in future applications. The key 

quality-related concerns in this respect relate to establishing their visibility or 

occurrence (i.e. whether the results would be repeatable in other studies) and their 

validity (how useful and effective the methods would be when used to predict the 

behaviour of an existing or proposed system) (Hulme et al., 2018).   

In order to provide an indicator of the differences resulting from the visibility 

(occurrence) of each of the STS-based methods, the systematic review results were 

partitioned, they were awarded a score of high (n=3; more than 3 papers found), 

medium (n=2; up to 2 papers found), or low (n=1; 1 paper found). Thus, if the score is 

high, this means that more than three practical or experimental studies of the method 

have been reported in the publicly available literature.  

In order to expose differences resulting from the validity of each of the STS-based 

methods, the availability of data regarding the acceptability, usefulness and efficiency 

of each STS-based method mentioned in the study was taken into consideration.  

(1) STS-based methods
on Safety, Risk,

Reliability and Accident
Prevention

(2) STS-based methods
on Human Factor,

Human Behaviour and
Ergonomics

3) STS-based methods
in Information Systems,

Information
Technology and

Internet of Things

(4) STS-based methods
in Organisational

Design, Work system
and Management

Studies

(5) STS-based methods
in Design Science

Visibility (occurrence) Validity

 

Figure 4.1 Overall validity and visibility (occurrence) and ratings for five different 
domains of 103 STS-based methods  

By plotting the findings obtained from the review of the STS-based methods on a bar 

chart (Figure 4.1), it can be clearly observed that the STS-based methods in Design 

Science had higher scores for both visibility (occurrence) and validity than those in the 
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other domains. The STS-based methods on Human factor, human behaviour and 

ergonomics had the lowest scores.  

4.4.3. Applications of the 103 STS-based methods 

As can be seen from the review, each of the 103 identified STS-based methods has been 

applied in at least one case study. This is an important indicator that the methods can be 

applied to real-world problems. Such applications represent an important means of 

illustrating the application of methods to complex real-world problems, which also 

leads to the development of in-situ adaptations and innovations to refine the methods. 

The review found that STS studies employ a wide range of methodologies with 

applications in many different domains. Multiple methods are also used side by side to 

obtain a more complete picture and the methods are often adapted to reflect the 

characteristics of a particular STS under study. STS methods have been shown to be 

flexible enough to be applied by a variety of researchers, from individual practitioners 

to large organisations, in many domains, where they fulfil quite different project goals 

in complex settings.  

4.4.4. Results obtained from matching the 20 STS principles with the 103 identified 

STS-based methods  

This section describes the findings based on matching the 20 STS principles (see 

Chapter 3) with the 103 STS-based methods (see Table 4.5).  Each of the 103 identified 

methods was evaluated against the 20 STS principles. This evaluation of the STS-based 

methods is intended to illustrate the stronger and more successful methods, and also 

identify the less successful, weaker ones that fall within the broad STS umbrella.
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Table 4.5 103 identified STS-based methods against the synthesised 20 STS principles. ‘X’ denotes that a method addresses a given principle.    
№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

(1) Sociotechnical System-based methods on Safety, Risk, Reliability and Accident Prevention 

1 Accident Analysis 
Technique (AcciMap) 

x x 
 

x x 
  

x x 
 

x x x x x x 
    

2 Fault Tree Analysis 
(FTA) 

x x x x x 
 

x x x 
 

x x x x 
 

x x 
   

3 Causal tree method 
(CTM) or INRS 
method 

x x 
 

x x 
 

x x x 
 

x x x x 
 

x x 
  

x 

4 Management 
oversight and risk 
tree (MORT)  

x x 
 

x x x x x x x x x x x 
 

x x 
 

x 
 

5 NETworked hazard 
analysis and risk 
management system 
(NET-HARMS) 

 
 

   
x x x 

    
x x 

 
x x x x x 

  

6 Occupational 
Accident Research 
Unit (OARU)  
 

 
x 

 
x x 

 
x x x x x x x x 

 
x x 

 
x 

 

7 Work accidents 
investigation 

 
x 

 
x x 

 
x x x 

 
x x 

 
x 

 
x x x x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

technique (WAIT)  

8 Event analysis for 
systemic teamwork 
(EAST)  

x x 
 

x x x x x x 
 

x x x x x 
 

x 
   

9 Multilinear events 
sequencing (MES)  

x x 
 

x x x 
 

x x x x x x x 
 

x x x 
  

10 Control change cause 
analysis (3CA) 

x 
  

x x 
  

x x 
 

x x x x 
 

x x 
   

11 Integrated Procedure 
of Incident Cause 
Analysis (IPICA) 

x x 
 

x x x 
 

x x x x x 
 

x x x x 
   

12 Health Care Failure 
Mode and Effect 
Analysis (HFMEA) 

 
x 

 
x 

 
x 

 
x x 

 
x x 

  
x x x 

   

13 Systematic cause 
analysis technique 
(SCAT) 

x x x x x 
  

x x x x x x x 
 

x x x x x 

14 Integrated safety 
investigation 
methodology (ISIM)  

x x 
 

x x 
 

x x x x x x x x x x x x 
 

x 

15 Accident evolution 
and barrier function 

x x 
 

x x 
  

x x x x x x x 
 

x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

(AEB) 

16 Barrier and 
operational risk 
analysis (BORA) 

 
x 

 
x x x 

 
x x x x x x x x x 

    

17 Barrier and 
operational risk 
analysis-Release 
(BORA-Release) 

 
x 

 
x 

 
x x x 

 
x x x x x x x x 

   

18 TRIPOD  x x 
 

x x 
  

x x x x x x x 
 

x x 
   

19 Norske Statesbaner 
(NSB) 

x x 
 

x x 
  

x x 
 

x x 
 

x 
 

x x 
   

20 Systems-theoretic 
accident model and 
processes (STAMP)  

 
x 

 
x x x x x x 

 
x x x x x x 

  
x x 

21 Causal Analysis based 
on Systems Theory 
(CAST)  

x x 
 

x x x x x x x x x x 
 

x x x x 
  

22 Sociotechnical 
probabilistic risk 
assessment (ST-PRA)  

x x 
 

x x x x x x x x x x 
 

x x 
 

x 
  

23 Systems Theoretic 
Process Analysis 

 
x 

 
x x x x x 

 
x x x 

  
x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

(STPA) 

24 PreMiSTS x x 
 

x x x x x x x x x x x x x x 
   

25 Man-Technology-
Organisation (MTO) 

x x 
 

x 
 

x 
   

x x x x x 
 

x 
    

26 Management and 
Analysis of Projects 
method (MAP) 

 
x x x 

 
x x x x x x x x x x x 

    

27 System Theoretic 
Process Analysis for 
Privacy (STPA-Priv)  

 
x 

 
x x x x x x 

 
x x x 

 
x x 

 
x 

  

28 Organisations Risk 
Influence Model 
(ORIM) 

 
x x 

 
x 

 
x 

  
x x x x x 

 
x x 

   

29 Socio-Technical 
Security Analysis  

 
x 

 
x x x x x x x x x x x 

 
x 

 
x 

  

30 Specification Risk 
Analysis tool  

 
 

 
x 

 
x 

  
x 

 
x x x x x 

 
x x 

    

31 Requirements 
Engineering with 
Scenarios for a User-
centred Environment 

x x 
 

x x x x x x x x x x x x x x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

(RESCUE) 

32 Functional 
Resonance Analysis 
Method (FRAM) 

x x 
 

x x 
 

x x 
  

x 
 

x x x x 
    

33 Failure Mode and 
Effect Analysis 
(FMEA) 

 
x 

 
x x x x x x 

 
x x 

   
x 

    

34 Risk Situation 
Awareness Provision 
(RiskSOAP) 
methodology 

 
x 

 
x x x x x x 

 
x x x x x x x x 

  

35 Resilience 
Engineering (RE) 
approach 

 
x 

 
x x x x x x x x x x x x x x x 

 
x 

36 Integrated use of 
cognitive mapping 
techniques and the 
Analytic Hierarchy 
Process (AHP) 
method 

x x 
 

x x x x x x x x x x x x x x x 
 

x 

37 Sociotechnical 
System Variance 
Analysis   

 
x 

 
x x x x x x 

 
x x x x x x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

38 RAMESES 
   

x 
 

x 
  

x x x x 
   

x x 
   

(2) Sociotechnical System-based methods on Human Factor, Human Behaviour and Ergonomics 

39 Cognitive Work 
Analysis (CWA) 

x x x x x x x x x x x x x x x x x x x x 

40 Cognitive Work 
Analysis Design 
Toolkit (CWA-DT)  

x x x x x x x x x x x x x x x x x x x x 

41 Cognitive Reliability 
and Error Analysis 
Method (CREAM) 

x x 
 

x x 
  

x x 
  

x x 
  

x x 
   

42 Hierarchical Task 
Analysis (HTA)  

x x x x x x x x x 
 

x x x x x x x x x x 

43 Human Factors 
Analysis and 
Classification System 
(HFACS)  

 
x 

 
x x x x x x x 

 
x 

 
x 

 
x x x x 

 

44 Human Error Hazard 
and Operability (HE-
HAZOP) analysis 

x x 
 

x x 
 

x x x x x x x 
 

x x 
   

x 

45 Human Factors 
Hazard Operability 
(HF-HAZOP) analysis 

x x 
 

x x x 
  

x x x x x x x x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

46 Systemic-theoretic 
accident model and 
processes based 
Human Reliability 
Analysis (STAMP 
based HRA) 

x x x x x x x x x x x x x x x x x x 
 

x 

47 HS-RAS x x 
 

x x x x x x x x x x x x x x x x x 

48 Social Network 
Analysis (SNA) 

x x x x x x x 
 

x x 
 

x x x x x x x 
  

49 Scenario Reliability 
analyser (SRA) tool  

 
x 

 
x x x x x x 

 
x x x x x x x x x x 

50 Task Analysis for 
Error Identification 
(TAFEI)  
 

 
x 

 
x x x 

 
x x x x 

 
x x 

 
x x x 

  

51 Goals, Operators, 
Methods and 
Selection Rules 
(GOMS)  

x x 
 

x x x x x x x x x x x x x x 
   

52 Sociotechnical 
Systems Analysis 

x x 
 

x x x x 
 

x x x 
 

x x x 
 

x x 
  

(3) Sociotechnical System-based methods in Information Systems, Information Technology and Internet of things 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim

isation 

  on 

    5  Participation 

  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

53 Mumford: Effective 
Technical and Human 
Implementation of 
Computer-based 
Work Systems 
(ETHICS) 

x x 
 

x x x x x x x x x x x x x x x 
  

54 End-user 
participation in HIT 
development 
(EUPHIT) method  

x x 
 

x x x x x x 
   

x x 
 

x x 
   

55 Agent-based 
modelling technique 
(ABM) 

 
x 

 
x x x x x x x x x x x x x x 

   

56 Actor Network 
Theory (ANT) 

x x 
 

x x x x x x x x x x x 
 

x x 
   

57 Ariadne x x 
 

x x x x x 
  

x x 
 

x x x x 
  

x 

58 Future Technology 
Workshop (FTW) 
method 

x x x x x x x x x x x x x x x x x 
   

59 GenderMag method x x 
 

x x x 
 

x x 
  

x x 
 

x x x 
   

60 Soft Systems 
Methodology (SSM) 

 
x 

 
x x 

  
x x 

 
x x 

 
x 

 
x x 
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№ 

Methods 

20 STS principles 

 1  M
ultifunctionalism

 

  2 Congruence  

  3  Flexible Specification 

 4 Joint O
ptim
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  on 
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  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

61 Socio-technical 
Evaluation Matrices 
(STEM) 

x x 
 

x x x 
 

x x x x x x x x x x x 
  

62 Socio-technical 
Walkthrough (STWT) 

x x 
 

x x x x x x x x x x x 
 

x x x 
  

63 Semi-structured, 
Socio-technical 
Modelling method 
(SeeMe) 

x x 
 

x x x 
 

x x x x x x x x x 
 

x 
  

64 Organisational 
Requirements 
Definition for IT 
Systems 
methodology (ORDIT) 

 
x 

 
x x x x x x x x x x x x x x x 

  

65 Tesseract: A 
sociotechnical 
dependency browser 
tool 

x x 
 

x 
 

x x x 
 

x x x x x 
  

x 
   

66 System dynamics 
(SD) 

 
x 

 
x 

 
x x x 

 
x 

 
x x x x x x 

   

67 Inquiry cycle 

 
 

x x 
 

x x 
 

x 
 

x x 
 

x x x 
 

x 
 

x 
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 1  M
ultifunctionalism

 

  2 Congruence  
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  on 
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  6  Designing Design 

 

  7  Experim
entation 

   8  Flux 

   9  Responsibility 

   10  Values 

     11 Boundaries 

  12 Constraints 

  13 M
ultidisciplinarity 

   14 Resource Flow
s 

    15 U
niqueness 

  16 Variance Control 

17 Functional Purposes 

18  Job Characteristics 

19 Sim
plicity and Scale 

  20   Self-Regulation  

(4) Sociotechnical System-based methods in Organisational Design, Work system and Management Studies 

68 Macroergonomic 
Work Analysis (MA) 
method 

 
x 

 
x 

 
x x x x x 

 
x 

 
x x x x x 

 
x 

69 Analysis, Diagnosis 
and Innovation 
(ADInnov) method 

 
x 

 
x x x x 

 
x x x x x x 

 
x x x 

  

70 Modified 
Sociotechnical 
Systems (MoSTS) 
methodology 

 
x 

 
x x x x x x x x x 

 
x x x x 

   

71 Bostrom and Heinen: 
STS design method  

x x 
 

x x x x x x x x x 
 

x 
 

x x x 
 

x 

72 Pava: STS design 
method 

 
x 

 
x x x x x x x x x x x 

 
x 

  
x 

 

73 Socio-Technical 
System Design 
technique 
 

x x x x x x x x x x x x x x 
 

x 
 

x x x 

74 Systems Scenarios 
Tool (SST) 
 

x x 
 

x x x x x x x x x x x x x x 
   

75 SEIPS-based process 
 

x 
 

x 
 

x 
 

x x 
 

x x 
 

x x x x x 
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  20   Self-Regulation  

modelling method 

76 Sociotechnical 
scenario (STSc) 
method  

x x x x x x 
 

x x x x x x x x x 
 

x 
  

77 Socio-technical 
roadmapping 
method 

x x 
 

x x x 
 

x x x x x x x x x x x x x 

78 Macroergonomic 
analysis and design 
(MEAD) 

x x x x x x x x x x x x x x x x x 
 

x 
 

79 COIM: An object-
process based 
method  

 
x 

 
x x x x x 

  
x x x x x x x 

 
x 

 

80 Stabilize, evaluate, 
identify, standardize, 
monitor, implement, 
and control (SEISMIC) 
methodology 

x x 
 

x x 
  

x x x x x 
 

x x x x 
   

81 Sociotechnical design 
(SD) method 

 
x 

 
x x x x x x x x x x x x 

 
x x x 

 

82 Multi-Method or 
mixed approaches 

x x 
 

x x x x x x 
 

x x x x 
 

x x 
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 1  M
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plicity and Scale 

  20   Self-Regulation  

83 Socio-technical 
experiments 

x x x x x x x x x x x 
 

x x 
  

x x 
  

84 Bounded Socio-
Technical 
Experiments (BSTE) 

x x 
 

x x x x x x x x x x x x x x 
   

85 Socio-Technical 
Method for 
Designing Work 
Systems (STMDWS) 

 
x 

 
x x x x x x x x 

 
x x 

 
x 

  
x 

 

86 Task allocation 
method (between 
and among humans 
and machines) 

x x 
 

x x x 
 

x x x x x x x x x x x 
  

87 Socio-technical 
Allocation of 
Resources (Star) 
toolkit  

x x 
 

x x x x x x x x x x x 
 

x x 
   

88 Cost effectiveness 
analysis  

x x x x x 
 

x x x x 
 

x x x x x x 
   

89 KOMPASS x x 
 

x x 
  

x x 
  

x 
 

x 
 

x x x 
 

x 

90 Sociotechnical Tools: 
Scenarios Tool and 
Job Design Tool  

x x x x x x x x x x x x x x 
 

x 
 

x 
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19 Sim
plicity and Scale 
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91 Paper-based tools 
 

x 
 

x x x x x x x x 
 

x 
    

x x x 

92 Ethnographic method x x 
 

x x x x x x 
   

x 
       

93 Process mapping 
techniques 

x x 
 

x x 
 

x x x x x x 
 

x 
 

x x x x 
 

94 Work System 
Method (WSM) 

x x 
 

x x x 
  

x x 
   

x x 
  

x 
  

95 Delphi study x x x x x x x x x x x x x x x x x 
 

x x 

(5) Sociotechnical System-based methods in Design Science  

96 Business Origami x x 
 

x x x x 
  

x x x x x 
  

x x x 
 

97 Cognitive Mapping  x x 
 

x x x x x x x 
 

x x x x x x 
   

98 Collage x x x x x x x x x x x x x x x 
 

x 
 

x x 

99 Contextual Design x x 
 

x x x x x x 
  

x x x x 
 

x 
   

100 Heuristic Evaluation x 
  

x x x x x x x x x x x 
 

x x x x x 

101 Meta-design x x 
 

x x x x x x x x x x x 
 

x x x 
  

102 Participatory design 
(PD) 

x x x x x x x x x x 
 

x x x 
 

x x x 
 

x 

103 Storyboards    x   x x x x x   x     x     x x       
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20 STS principles are used to assess 103 STS-based methods, all of which support the 

analysis of STS. This assessment is performed in Table 4.6. It should be noted that this 

assessment is not about pitching one method against another in a form of competition 

but to highlight the different perspectives on STS each of the methods is able to provide 

(Imanghaliyeva, 2020a). 

The presence of all 20 STS principles in a method is interpreted as an indication of the 

strengths of the method, whereas the presence of a smaller number of the STS principles 

can be treated as an indicator of potential weaknesses of the method. Table 4.6 

summarises the findings.  

Clearly, some methods are more comprehensive than others (Imanghaliyeva, 2020a). 

For example, CWA (39) and CWA-DT (40) methods are associated with all 20 STS 

principles. These two methods can be viewed as the strongest ones, whereas the others 

have some weaknesses (e.g., in this context RAMESES (38), which covers only 8 STS 

principles, is the weakest one).  

It is interesting to note that HTA (42), STAM-based HRA (19), HS-RAs (47) and 

Delphi study (95), when combined with the other methods that rely on their outputs, 

also provide comprehensive coverage of STS principles. As noted earlier, if there is a 

strategic need for the STS approach to become more engaged with high quality systems 

problems (e.g. Dul et al., 2012) and for progress to be made in systematising STS 

practices and principles (e.g. Clegg, 2000) then STS-based methods clearly have much 

to offer (Imanghaliyeva, 2020a).  
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Table 4.6 Number of STS principles underlying the STS-based methods.  

 

Number of the STS 
principles 
underlying the 
STS-based methods 

                     STS-based methods  

Number of the STS 
principles underlying 
the STS-based 
methods 

                     STS-based methods 

 1  2  1  2 

 1-7 principles   -     72 Pava: STS design method 
 8 principles  38 RAMESES    79 COIM: An object-process based method  
 9 principles  92 Ethnographic method    82 Multi-Method or mixed approaches 

 10 principles  
 
5 NETworked hazard analysis and risk management system 
(NET-HARMS) 

   96 Business Origami 

   12 Health Care Failure Mode and Effect Analysis (HFMEA)  15 principles  9 Multilinear events sequencing (MES)  

   25 Man-Technology-Organisation (MTO)    20 Systems-theoretic accident model and processes (STAMP)  
   30 Specification Risk Analysis tool     22 Sociotechnical probabilistic risk assessment (ST-PRA) 
   33 Failure Mode and Effect Analysis (FMEA)    34 Risk Situation Awareness Provision (RiskSOAP) methodology 
   41 Cognitive Reliability and Error Analysis Method (CREAM)    55 Agent-based modelling technique (ABM) 
   60 Soft systems (SSM) methodology    56 Actor Network Theory (ANT) 
   94 Work System Method (WSM)    63 Semi-structured, socio-technical modelling method (SeeMe) 
   103 Storyboards     83 Socio-technical experiments 
 11 principles  10 Control change cause analysis (3CA)    87 Socio-technical Allocation of Resources (Star) toolkit  
   19 Norske Statesbaner (NSB)    88 Cost effectiveness analysis  
   23 Systems Theoretic Process Analysis (STPA)    93 Process mapping techniques 
   28 Organisations Risk Influence Model (ORIM)    97 Cognitive Mapping  

   32 Functional Resonance Analysis Method (FRAM)  16 principles  4 Management oversight and risk tree (MORT)  

 12 principles  1 Accident Analysis Technique (AcciMap)    21 Causal Analysis based on Systems Theory (CAST)  

   54 End-user participation in HIT development (EUPHIT) 
method     24 PreMiSTS 

   59 GenderMag method    48 Social Network Analysis (SNA) 
   65 Tesseract: A sociotechnical dependency browser tool    51 Goals, Operators, Methods and Selection Rules (GOMS)  
   66 System dynamics (SD)    61 Socio-technical evaluation matrices (STEM) 
   67 Inquiry cycle    62 Socio-technical walkthrough (STWT) 

   75 SEIPS-based process modelling method    64 Organisational Requirements Definition for IT Systems methodology 
(ORDIT) 

     89 KOMPASS      71 Bostrom and Heinen: STS design method  
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4.5 Discussion  

The purpose of this systematic literature review has been to identify and critically 

evaluate methods which have been applied within an STS approach, with the aim of 

establishing the best practices and assessing the relative utility of these methods. The 

systematic search resulted in the identification of 103 STS-based methods in the five 

different domains. Based on the eligibility criteria and the scope of the method 

inclusion, the STS-based methods on the domain of safety, risk, reliability and accident 

prevention (Imanghaliyeva, 2020a) have been found to be the most numerous (n=38), 

followed by organisational design and management studies (n=28), information 

systems, information technology and the internet of things (n=15), human factor, human 

behaviour and ergonomics (n=14) and design science (n=8). Although each method is 

based on a particular set of theories and philosophies, there are a number of key findings 

which applicable across all these methods. These will be discussed in the following sub-

sections.    

4.5.1. Study findings and contributions to knowledge  

One direction of the current work is to help practitioners to see what underpins the 

various methods, by laying out the theoretical bases of the different types, and thus 

provide a ‘navigation’ guide. In analysing the 103 identified STS-based methods, it was 

sometimes difficult to assign a method to a particular domain. Another matter of 

concern is that it was not always possible to identify the precise procedural steps carried 

out in a specific method. In addition, some methods within the same domain overlap 

each other.  

It has also been noted that there was some overlapping of research effort with some 

groups of methods (e.g. work system design methods), where it appeared closely similar 

analyses were performed with very little difference in the results obtained. It would be 

useful to see comparative studies of two or more methods used in parallel and applied to 

the same scenario and problems to clarify the exact nature and relative benefits and 

drawbacks of each method. It has been observed that many of the methods (e.g. CWA) 

are actually modular, with various components intended for the analysis of different 

aspects of the systems and the safety issues that arise. This modular form is useful in 

terms of the time and effort spent by the researchers. It also invites further research into 
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‘crossover’ applications of particular modules in which they could be combined in 

different ways or individual modules can be used alongside other methods.  

Finally, as shown in Section 4.4.2 above, the visibility (occurrence) and validity of 

some of the methods has not been sufficiently studied.  

4.5.2. Limitations and future research implications  

Some limitations should be acknowledged in relation to the methods used in this part of 

the study. Firstly, there is a possibility that some relevant studies have been missed 

during the initial screening process. Due to the anticipation of a large number of 

publications on STS-based methods, the search was based only on peer-reviewed 

academic papers and books, together with reports from official organisations. The 

search was based only on their titles and abstracts, on the assumption that the primary 

methods used would be mentioned in the abstracts, and it was narrowly defined to try to 

include only the main methods. Thus, some STS-based methods published in the ‘grey’ 

literature could be missed. This means that the review was not entirely comprehensive.  

Additionally, as the review was completed on 01 July 2019, STS-based methods 

published from 01 July 2019 onwards have been overlooked. Finally, as pointed out 

above, not all the authors whose papers are included in the review provided evidence of 

the visibility (occurrence) and validity of the methods used in their studies. 

4.6 Chapter summary  

This chapter has provided an up-to-date review of STS-based methods to form a unified 

list of methods based on the domain of application. A large-scale literature search was 

undertaken to reveal existing STS-based methods in the areas of (1) safety, risk, 

reliability and accident prevention, (2) the human factor, human behaviour and 

ergonomics, (3) information systems, information technology and the internet of things, 

(4) organisational design, work system and management studies and (5) design science. 

The databases were searched for studies/reports published between 1 January 1951 and 

1 July 2019, inclusive. The review of the methods met the selected criteria and was 

conducted in depth. It also shed light on how STS-based methods were deployed in 

practice. This depth of knowledge was vital for the forming a unified list of STS-based 

methods.   
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The chapter also evaluated 103 STS-based methods for their robustness (visibility 

(occurrence) and validity). The findings revealed that STS-based methods in Design 

Science had higher scores on the visibility (occurrence) and validity compared to the 

rest of the domains. STS-based methods in the domain of Human Factor, Human 

Behaviour and Ergonomics had the lowest scores.  

Additionally, each of the 103 methods was evaluated against the 20 STS principles in 

order to identify the successful (stronger) and less successful (weaker) methods. Based 

on the evaluation exercise conducted in Section 4.3.3, the CWA (39) and CWA-DT (40) 

methods were the only ones that covered all 20 STS principles. These two methods 

were viewed as successful (strong) methods, whereas the remainder were viewed as the 

weaker ones. As explained above, this exercise was aimed at looking at the insights the 

different perspectives on STS each of the methods was able to provide rather than 

simply comparing the methods in a competitive way.   

Future research will be directed into applying the above noted AcciMap and CWA 

methods (AH) to a real-world case study to find out whether these methods can detect 

the STS issues in this case study. 
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CHAPTER 5 – CAN THE 20 SYNTHESISED STS PRINCIPLES 

DISCRIMINATE BETWEEN WINNING AND LOSING TEAMS? A 

CASE STUDY 

5.1 Introduction   

In this chapter, a set of 20 synthesised STS principles (see Chapter 3) is used to examine 

how the multidisciplinary teams’ performance affects the delivery of a project. The 

chapter aims to address the following research objectives: (1) to find whether or not the 

20 synthesised STS principles can be used to put STS theory into practice; and (2) 

whether an approach based on the 20 STS principles is one that can lead to successful 

project design. It also (3) identifies and analyses risk factors from an STS perspective 

and (4) detects if there is a lack of joint optimisation during teamwork processes and 

evaluates the team performance in order to set criteria for successful project design from 

a STS perspective. To this end, the above objectives are achieved by analysing the team 

performance of students participating in a large-scale collaborative design project at 

Heriot -Watt University.  

5.2 Method     

5.2.1 Design  

220 Undergraduate students from the School of Energy, Geoscience, Infrastructure and 

Society of Heriot-Watt University from 9 programmes of study formed 22 

multidisciplinary teams to undertake a collaborative design project, in which a design 

proposal for a Construction Skills college had to be delivered to a client (see Appendix 

1). The performance and effectiveness of the teams were assessed within two phases of 

data collection: (1) Phase1/Week 1 (Observational), which covered a five-day project 

design period when the observational study was carried out (see Appendix 2) and voting 

results were obtained, and (2) Phase 2/Week 6 (Survey/Questionnaire and Interviews), 

when a survey of 161 students was conducted, together with 4 semi-structured 

interviews (see Appendixes 3 and 4). The independent measure was the team 

performance and effectiveness assessed using a voting procedure applied to each team’s 

project outputs. This helped to identify two categories of teams: winning teams and 

losing teams. The dependent measure was the team performance in terms of the 20 STS 
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principles and 18 risk factors, obtained by the observational study (Phase 1) followed by 

the questionnaire and the semi-structured interviews (Phase 2).  

5.2.2 Participants  

Phase 1 (Week 1 - Observational): 220 students were organised into 22 

multidisciplinary teams of 10 students each. The team members were from 9 

programmes, including Civil Engineering (CE), Quantity Surveying (QS), Architectural 

Engineering (AE), Urban Planning & Property Development (UPPD), Construction 

Project Management (CMP), Interior Design, Geography, Society & Environment 

(GSE), Structural Engineering & Architectural Design (SE&AD) and Structural 

Engineering (SE). 

Phase 2 (Week 6 - Questionnaire Survey): The project participants (team members) 

had a timetabled opportunity to revisit their teamwork from Week 1 in a short ‘Design 

Team Meeting’ in Week 6 (see Appendix 2). It was agreed with the supervisor to 

incorporate my follow-up data collection activities including the questionnaire survey 

and semi-structured interviews in Week 6 of the semester. This gave more flexibility 

regarding time for team members.  

There were 161 respondents (73% of the EGIS students) from the 22 teams (i.e., 4-10 

respondents per team), 108 of whom were male and 53 female, as shown in Table 5.1.  

The majority of the participants were from the Civil Engineering (61), Quantity 

Surveying (28) and Architectural Engineering (27) programmes. Other programmes 

participating in the project were represented by 14 or fewer students (see Table 5.1).  

 

Table 5.1 Respondents’ profiles   

Respondents' profiles  Background information Number Percentage 

Gender 
Male 108 67 
Female 53 33 
Total number of respondents 161 73 

    
 Total number of EGIS Year 4 Students 220 100 
    

Study programme 

Civil Engineering (CE) 61 38 
Quantity Surveying (QS) 28 17 
Architectural Engineering (AE) 27 17 
Urban Planning & Property Development 
(UPPD) 14 9 
Construction Project Management (CMP) 10 6 
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Respondents' profiles  Background information Number Percentage 
Interior Design 9 6 
Geography, Society & Environment (GSE) 5 3 
Structural Engineering & Architectural 
Design (SE&AD)  4 2 
Structural Engineering (SE) 3 2 

  161 100 
    

Years of work 
experience and/or 
internship in project  
design 

≤1 yr 110 68 
1-5 yrs 27 17 
None 14 9 
N/A 8 5 
6-10 yrs 1 1 
29 yrs 1 1 

  161 100 
    

Organisation type 

N/A 63 39 
Consultant 28 17 
Local Contractor 23 14 
International Contractor 16 10 
None 14 9 
Government  9 6 
Joint Venture 2 1 
International Contractor & Consultant 1 1 
Local Contractor, Consultant & Joint Venture 1 1 
Government & Local Contractor 1 1 
Local Contractor & Consultant 1 1 
Retailer 1 1 
Government & Consultant 1 1 

  161 100 
 

Table 5.1 also illustrates the survey participants’ previous work and/or internship 

experience. Among the 161 respondents, the majority (68%) had 1 year or less of work 

experience in project design. 27 respondents (17%) had between 1 to 5 years of such 

experience, 14 (9%) had no experience at all, and 8 (5%) reported it as not applicable. 

One respondent had 29 years of experience and another one 6-10 years. 

Table 5.1 also shows the types of organisation that the survey participants had worked 

for. The largest group of the survey participants (39%) characterised their work 

experience as not applicable; 9 % (presumably those with little or no work experience) 

said that they did not have experience in any type of organisation. The main areas of 

work experience mentioned by the survey participants were with consultancy agencies 

(17%), local contractors (14%)  international contractors (10%), and in the government 

sector (10%).  
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A very small number of participants also stated that they had work experience that 

involved combinations of these types of work, for example, international contractors 

and consultants, government and local contractor, as well as one who had experience 

with a retailer. They comprised 1% of the survey participants in each of these sectors.  

All members of Team 17 (the winner of the prize for the ‘Best Design Solution’) and 

Team 20 (one of the ‘losing’ teams) responded to the survey. These are the two teams 

with the highest (100%) percentage of respondents. Team 2 had the lowest number of 

respondents; only 4 of its members responded to the survey.  

Phase 2 (Week 6 - Semi-structured interviews): Four interviews were conducted with 

the following project participants: (1) project coordinator (PC), (2) the team members of 

the ‘winning’ teams for the 'Best Design Solution' (BDS) and (3) 'Best Teamwork' 

(BTW), respectively and (4) one member of one of the losing teams. The interview 

questions were designed to address the research objectives (1), (2), (3) and (4).  

5.2.3 Materials  

Phase 1 (Week 1): The design project teams were required to develop a conceptual 

design of a Construction Skills College in the North East part of Edinburgh, UK. The 

design project had to address infrastructure and landscaping, as well as public transport, 

out-of-hours community use, and services deliveries. Apart from these requirements, 

there was a specific list of considerations and constraints associated with the project 

(see Appendix 1).  

The project was undertaken to allow the students to apply their knowledge and skills to 

a real-world project and to provide an opportunity to work collaboratively. Each team 

competed with other teams to conceive and further develop the best design solution.   

During Week 1, the observational checklist (Appendix 2) was completed using the 

participant observation method and the voting results for all teams’ presentations and 

posters were collected.  

Phase 2 (Week 6 - Questionnaire Survey): 

During Week 6, a questionnaire survey (see Appendix 3) and four semi-structured 

interviews (see Appendix 4) were conducted.  
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The design of the questionnaire survey was achieved through a comprehensive literature 

review and finally adapted from the ‘Team Effectiveness Diagnostic’ created by the 

London Leadership Academy: 

(https://www.londonleadershipacademy.nhs.uk/sites/default/files/Team_effectiveness_d

iagnostic-LAL1.pdf). It comprised of three sections: (1) General background 

information; (2) Team performance and effectiveness questionnaire, and (3) 

Identification & Analysis of Risk factors affecting the Collaborative Design Projects.  

Section 2 of the questionnaire consisted of 50 pre-existing questions. Respondents were 

asked to rate on the Likert Scale of 1 to 5 the statements that best described the team 

performance and effectiveness measures, where 1 is ‘disagree strongly’ through to 5 

‘strongly agree’. To ensure that the questionnaire addressed the main research 

objectives, namely (1) to find whether or not the 20 synthesised STS principles can be 

used to put STS theory into the practice and (2) whether an approach based on the 20 

STS principles is one that can lead to successful project design, a mapping exercise was 

performed, in which the 50 team effectiveness diagnostic questionnaire statements were 

mapped onto the 20 STS principles (see Table 5.2). 

Table 5.2 Mapping 50 questionnaire statements onto the 20 STS principles  
№ Section 2: Team performance and 

effectiveness questionnaire 
Team effectiveness dimensions or measures  
50 Statements  

 20 STS  
principles 

Notes/explanations  

1 Our team had a meaningful purpose.   17 Functional 
Purposes 

Team members designed the project following the fundamental 
reason for designing the collaborative project and this reason 
was explicit.  

2 Team members clearly understood their tasks 
and roles.  

18 Job 
Characteristics 

The team members' roles should involve a full, coherent and 
meaningful cycle of project design processes.  

3 Team members appreciated one another’s idea 
and contribution.  

10 Values Team members should express one another's aspirations and 
needs within their design criteria.  

4 Team members understood one another’s roles. 18 Job 
Characteristics 

The team members' roles should involve a full, coherent and 
meaningful cycle of project design processes.  

5 Team members took personal responsibility for 
the effectiveness of our team.  

9 Responsibility Team members should be given responsible autonomy for 
carrying out tasks.  

6 Working on our team inspired students to do 
their best.  

10 Values Team members should express one another's aspirations and 
needs within their design criteria.  

7 We had the skills we needed to do our best.  13 
Multidisciplinarity  

Team members should draw from a diverse range of expertise, 
skills and perspectives.  

8 We were strongly committed to a shared 
mission.  

9 Responsibility Team members should be given responsible autonomy for 
carrying out tasks to meet the project objectives. 

9 When an individual’s role changes, an 
intentional effort was made to clarify it for 
everyone on the team.  

14 Resource Flows Team members need to ensure that information, and resources 
are provided at the point at which it required.  

10 We addressed and resolved issues quickly.  16 Variance 
Control 

Team members should enable variances to be controlled from 
the point where they originate.  

11 We sought to arrange our priorities to meet the 
client’s needs. 

2 Congruence Team members should ensure that support systems and sub-
systems are congruent with the basic system design.  

12 My team had a strong sense of accomplishment 
relative to our project.   

4 Joint 
Optimisation 

Team members should consider all aspects of the project design 
to achieve project excellence.  

13 We focused on big-picture strategic issues as 
much as on day-to-day activities.  

4 Joint 
Optimisation 

Team members should consider all aspects of the project design 
to achieve project excellence.  

14 Students on my team were rewarded for being 
team players.  

2 Congruence Team members should ensure that support systems and sub-
systems are congruent with the basic project design process.  

https://www.londonleadershipacademy.nhs.uk/sites/default/files/Team_effectiveness_diagnostic-LAL1.pdf
https://www.londonleadershipacademy.nhs.uk/sites/default/files/Team_effectiveness_diagnostic-LAL1.pdf
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№ Section 2: Team performance and 
effectiveness questionnaire 
Team effectiveness dimensions or measures  
50 Statements  

 20 STS  
principles 

Notes/explanations  

15 Communication in our team was open and 
honest.  

5 Participation  Team members should match democratic teamwork structures 
with democratic project design processes.  

16 I communicated effectively with team members. 14 Resource Flows Team members need to ensure that information is provided at 
the point at which it required. 

17 I am proud to be part of my team.  5 Participation  Team members should match democratic teamwork structures 
with democratic project design processes. 

18 As a team, we were continually working to 
improve cycle time, speed to market, client’s 
needs, customer responsiveness, or other key 
performance indicators.  

20 Self-Regulation  Team members should examine the conditions under which 
individuals or teams become self-regulating and try to optimise 
those conditions.  

19 We set and met challenging goals. 17 Functional 
Purposes 

Team members should ensure it is designed to support the 
fundamental reason for which it exists: that fundamental reason 
needs to be made clear.  

20 Everyone values what each member contributed 
to the team.  

10 Values  Team members should express one another's aspirations and 
needs within their design criteria.  

21 Group meetings were very productive. 18 Job 
Characteristics 

The team members' roles should involve a full, coherent and 
meaningful cycle of project design processes.  

22 Teaching staff briefings were very productive.  2 Congruence Team members should ensure that support systems and sub-
systems are congruent with the basic project design process.  

23 Members of our team trusted each other.  10 Values  Team members should express one another's aspirations and 
needs within their design criteria.  

24 Our team established trusting and supportive 
relationships with other teams.  

10 Values  Team members should express one another's aspirations and 
needs within their design criteria.  

25 Team members frequently went beyond what is 
required and did not hesitate to take the 
initiative.  

20 Self-Regulation  Team members should examine the conditions under which 
individuals or teams become self-regulating and try to optimise 
those conditions.  

26 We viewed everything, even mistakes, as 
opportunities for learning and growth.  

7 Experimentation  Differences of opinion came through different tests, through 
which experiments and variations were also verified and 
reconciled. This can be termed as experimentation. 

27 We consistently produced strong, measurable 
results.  

6 Designing 
Design  

‘Results’, in particular, ‘project results’ could be considered as 
the design process for STS, and this could be treated as the STS 
itself.  

28 Team members avoided duplication of effort and 
made sure they were clear about who is doing 
what.  

19 Simplicity and 
Scale  

Team members should minimise complexity and maximise ease 
of use and understanding in the project design process.   

29 Our team had mechanisms in place to monitor 
its results.  

20 Self-Regulation  Team members should examine the conditions under which 
individuals or teams become self-regulating and try to optimise 
those conditions. 

30 Team members helped one another deal with 
problems or resolve issues.  

16 Variance 
Control 

Team members should enable variances to be controlled from 
the point where they originate.  

31 We worked toward integrating our plans.  3 Flexible 
Specification  

Team members should be provided with the outcome to be 
achieved but with the means to achieve it minimally critically 
specified.  

32 Team members sought and gave each other 
constructive feedback.  

5 Participation  Team members should match democratic teamwork structures 
with democratic project design processes. 

33 As a team, we worked to attract and retain top 
performers.  

10 Values  Team members should express one another's aspirations and 
needs within their design criteria.  

34 We used various forms of training to keep our 
skills up-to-date.  

1 
Multifunctionalism  

Team members should draw from a diverse range of expertise, 
skills and perspectives.  

35 We made sure our work or task helped the client 
achieve his goals.  

2 Congruence  Team members should ensure that support systems and sub-
systems are congruent with the basic project design process.  

36 When team members’ roles changed, specific 
plans were implemented to help them assume 
their new responsibilities.   

15 Uniqueness  Team members should recognise that each project design is 
different, and that these differences should not be neglected. 

37 Our team worked with a great deal of flexibility 
so that we could adapt to changing needs.  

3 Flexible 
Specification  

Team members should be provided with the outcome to be 
achieved but the means to achieve it minimally critically 
specified.  

38 We were able to work through differences of 
opinion without damaging relationships.  

7 Experimentation  Differences of opinion came through different tests, through 
which experiments and differences were also verified and 
reconciled. This can be termed as experimentation. 

39 Our collaborations with other team members 
were productive, worthwhile, and yielded good 
results.   

5 Participation  Team members should match democratic teamwork structures 
with democratic project design processes. 

40 Team members were sure about what was 
expected of them and took pride in a job well 
done.  

9 Responsibility  Team members should be given responsible autonomy for 
carrying out tasks. 

41 Our team was excited about the contribution it is 
making to the project’s competitive viability.  

9 Responsibility  Team members should be given responsible autonomy for 
carrying out tasks. 

42 Team members embraced continuous 
improvement as a way of life.  

8 Flux Team members need to recognise that the project design 
process is by their nature dynamic and never ‘complete’, and 
this requires continuous re-evaluation.  

43 The mission and goals of my team were well 
aligned with the client’s mission and goals.  

2 Congruence  Team members should ensure that support systems and sub-
systems are congruent with the basic project design process.  

44 Overlapping or shared tasks and responsibilities 
did not create problems for team members.   

11 Boundaries  Team members should ensure that project design boundaries do 
not interfere with the exchange of information and learning.  

45 When we chose consensus decision-making, we 
did it effectively.  

9 Responsibility  Team members should be given responsible autonomy for 
carrying out tasks. 

46 Team members displayed high levels of 
cooperation and mutual support.  

5 Participation  Team members should match democratic teamwork structures 
with democratic project design processes. 
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№ Section 2: Team performance and 
effectiveness questionnaire 
Team effectiveness dimensions or measures  
50 Statements  

 20 STS  
principles 

Notes/explanations  

47 The goals of our group supported the given 
project goals. 

2 Congruence  Team members should ensure that support systems and sub-
systems are congruent with the basic project design process.  

48 Team members considered how their actions 
will impact others when deciding what to do.  

12 Constraints  Team members should identify social, technical and political 
issues which constrain or enhance choices.  

49 My team was proud of its accomplishments and 
optimistic about the future.  

10 Values  Team members should express one another's aspirations and 
needs within their design criteria.  

50 Team members worked to ensure we were using 
best-practice methods.  

18 Job 
Characteristics  

The team members' roles should involve a full, coherent and 
meaningful cycle of project design processes.  

 

Section 3 of the questionnaire was designed from the literature, following Bing et al. 

(2005), to satisfy the third objective of the research. This objective aims to identify and 

analyse the possible occurrence of the 18 risk factors named in the questionnaire, which 

might negatively affect the project design. To identify the important risk factors, 

respondents were asked to select from among the five options (very low, low, medium, 

high and very high) for each of the 18 risk factors. Like the 50 questionnaire statements 

in Section 2 of the questionnaire, the risk factors were mapped to the specific STS 

principles (see Table 5.3).  

Table 5.3 Mapping the 18 risk factors onto the 20 STS principles (adopted from 

Imanghaliyeva, 2020b).   
№ Section3: Identification & 

Analysis of 18 Risk factors 
affecting the Collaborative 
Design Project  

Lack of one or more 
of the 20                       

STS principles 

Notes/explanations 

1 Lack of support from the 
University ruling party 

2 Congruence Team members should ensure that support systems and sub-
systems are congruent with the primary project design.  

2 Project scope changes 6 Designing Design                                                  
7 Experimentation                                                         
15 Uniqueness 

Team members should recognise that each project design 
process is different and itself is an STS, which should be 
treated as 'experiments'.   

3 Project being cancelled due to 
change in University ruling party 

9 Responsibility                                            
20 Self-Regulation 

Team members should be given responsible autonomy for 
carrying out tasks, and they should also be given optimised 
conditions under which they become self-regulating.  

4 Lack of mutual trust and 
understanding among the project's 
parties 

1 Multifunctionalism              
11 Boundaries 

Team members should ensure that boundaries in the project 
design process, including the lack of mutual trust and 
understanding among project participants, do not interfere 
with the exchange of information and learning. Team 
members should draw from a diverse range of skills, and 
they should be skilled in more one function.  

5 Project funding problems  2 Congruence                                                                 
12 Constraints 

Team members should identify any constraints and ensure 
that support systems and sub-systems are congruent with the 
basic project design.  

6 Project site acquisition problems  2 Congruence                             
12 Constraints 

Team members should identify any constraints and ensure 
that support systems and sub-systems are congruent with the 
basic project design.  

7 Contractual disputes 10 Values Project parties should express one another's aspirations and 
needs within their design criteria.  

8 Communication breakdown 
among the different project 
parties 

5 Participation                            
11 Boundaries 

Team members should match democratic teamwork 
structures with democratic project design processes and 
ensure any project design boundaries do not interfere with 
the exchange of information and learning.  

9 Lack of commitment between 
project parties 

5 Participation                    
18 Job Characteristics 

Team members should be motivated and interested to take 
forward the project design 
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№ Section3: Identification & 
Analysis of 18 Risk factors 
affecting the Collaborative 
Design Project  

Lack of one or more 
of the 20                       

STS principles 

Notes/explanations 

10 Shortage of specialised project 
experts 

1 Multifunctionalism              
13 Multidisciplinarity 

Team members should draw from a diverse range of 
disciplines, and they should be skilled in more than one 
function.  

11 Shortage of technical skilled 
project design team members 

13 Multidisciplinarity Team members should draw from a diverse range of 
disciplines.  

12 Lack of joint risk mechanism by 
project parties 

4 Joint Optimisation                    
6 Designing Design 

Team members should establish a mechanism to prevent any 
issues, unexpected, unplanned events, deviations, 
disturbances, interruptions that prevent meeting the project 
deadlines.  

13 Lack of situation awareness 
among the project parties 

14 Resource Flows Team members need to ensure that information is provided 
at the point at which it is required. 

14 Lack of coordination and 
communication among the project 
parties 

5 Participation                         
11 Boundaries 

Team members should match democratic teamwork 
structures with democratic project design processes and 
ensure any project design boundaries do not interfere with 
the exchange of information and learning.  

15 Inexperienced, inadequate project 
design team members  

1 Multifunctionalism              
13 Multidisciplinarity 

Team members should draw from a diverse range of 
disciplines, and they should be skilled in more than one 
function.  

16 Losing critical project design 
team members at crucial points of 
designing the project 

13 Multidisciplinarity Team members should draw from a diverse range of 
disciplines and skills.  

17 Insufficient time for project 
planning 

12 Constraints Team members should identify any obstacles that prevent 
project design delivery. 

18 Additional needs requested by 
project parties  

10 Values Project parties should express one another's aspirations and 
needs within their design criteria.  

 

Both these mapping exercises established that the questionnaire provided sufficient 

coverage to assess the team performance and effectiveness from the perspective of the 

20 STS principles, as well as assessing the risk factors affecting the project design.  

Phase 2 (Week 6 - Semi-structured interviews): The semi-structured interviews were 

mainly based on pre-existing questions obtained through a comprehensive literature 

review of relevant questionnaires. The interviews were conducted to address the 

research objective (4), i.e., detect the presence of a lack of join optimisation in the team 

performance and to obtain a deeper understanding of the risk factors and risk 

management approaches associated with collaborative design project delivery from a 

STS perspective. 

The interview questions covered three aspects, including (1) General background 

information; (2) General experience of designing the collaborative project; and (3) 

Identification of major risk factors affecting the collaborative design project.  
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5.2.4 Procedure   

Phase 1 (Week 1) 

Itinerary: 

Day1 

The team members had a first meeting to share results of their preliminary work and 

agree on a work plan for the week. They also named their teams. The teams prioritised 

the project needs, in particular selected a design option, as more detailed work often 

relies on provisional design strategy decisions. Academic staff were there to help in 

clarifying any issues and answer any questions raised by the students. This was carried 

out in subject-specific team meetings, where the team members met an academic staff 

member and discussed their key contributions to the team work. In addition to this, at 

least one team member was chosen to join a visit and guided tour of several possible 

sites. After the site visit, the team members selected the site location and prepared a 

draft site plan. 

Day 2, 3 and 4 (3 days) 

The teams were allowed flexibility in designing their projects. All participants were 

expected to be present in their study zone during core times of three hours. Each team 

was allocated a daily consultancy time with a group of staff. Consultancy meetings 

lasted 15 minutes. Teams were expected to have all project materials available for each 

meeting, be able to explain their progress to date, identify problems/challenges and 

discuss actions and aims for completing the project on time.  

There was also an opportunity to meet with a ‘client’ to ask questions and demonstrate 

the teams’ understanding of their organisation and aims. It was an excellent opportunity 

to meet some of the key people leading Scotland’s Construction Future, and also to ask 

the specialists about how they saw the current developing industry and techniques (see 

Figure 5.1).  
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Figure 5.1 Collaborative design project  

Observational study of the teamwork processes 

The observational study was conducted through observing the participants during their 

work on the collaborative project and taking notes to understand the teamwork 

processes and teams’ performances in designing the project. It was undertaken to 

understand the situations and behaviours of the students through their experience of 

participation in the teamwork activities. The teamwork processes of the members of 

each team were observed, including the general environment/situation of the team 

(conflict, harmony, active or silent), team members’ involvement in the project design 

process, their communication skills (providing and receiving feedback from other team 

members in order to perform tasks), decision making (leadership) skills, adaptability to 

the team environment, coordination (supporting team decisions), cooperation (stating 
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personal opinions and areas of disagreement tactfully), presence and sharing of ideas, 

suggestions, opinions, task analysis skills, and the external and internal constraints of 

each team. The teamwork processes adapted from Belbin (2012). These teamwork 

processes were observed throughout the week in relation to each target of the project 

design processes. The detailed observational study results can be found in Appendix 2. 

Final day  

Each team presented their completed work to a panel consisting of academic staff 

members and experts from industry, and to members of the other teams and invited 

guests. Each presentation comprised an A1 poster and a 5-minute oral presentation with 

PPT slides. The presentation had to cover the key areas set out in the project brief: 

orientation and access to the construction site, drawings/sketches of concepts for the 

structure and services, strategy of the building, overall cost plan and developer’s budget, 

appraisal of the proposed external design (materials) and planning aspects, together with 

the recommended construction procurement approach, project execution plan and 

recommended construction methods, identification of life expectancy of designed 

structures, and life cycle data for key materials/services (energy, water, waste, carbon 

and sustainability strategy) (see also Appendix 1).  

Beyond these key areas, each team presented features, which they believed, made the      

design solution exceptional when compared to those of the other teams. The teams had 

to ensure that the vital ‘selling’ points were reflected in their presentations. The panel 

asked questions following the presentation.       

Assessment of the teams’ performance  

At the end of the presentation session, the panel members, students (i.e. team members) 

and invited guests (e.g. tutors, who helped the students during the project) voted to 

award two prizes - the ‘Best Design Solution’ (BDS) and ‘Best Teamwork’ (BTW), to 

the teams for their work on the project. Each voting participant could cast one vote for 

each prize. The team members could not vote for their own teams. The voting decisions 

were based on the specific list of considerations and requirements from the project brief 

(see Appendix 1). In particular, the project design solution had to address infrastructure, 

landscaping, public transport, college students’ access and amenities, out-of-hours 

community use, and services deliveries (see Appendix 1). On the basis of the votes, the 
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prize for the ‘Best Design Solutions’ was awarded jointly to Teams 8 and 17, and the 

prize for the ‘Best Teamwork’ was shared by Teams 17 and 22. However, as Team 17 

had already won the BDS prize, the BTW was automatically given to Team 6, which 

had the next highest number of votes (see Section 5.3.2). 

Project coordinators from different programmes 

During the week, several staff members from the School programmes involved acted as 

the project coordinators. The project coordinators were very helpful to the teams by 

providing general advice and support in the areas related to their programmes.  

Phase 2 (Week 6: Survey/Questionnaire Data Collection Procedure) 

A covering letter was sent with the questionnaire, inviting the recipient to participate in 

the research project. It introduced the researcher and her topic and explained the aim 

and objectives of the study. It was clearly explained that any information that 

participants provided would remain completely confidential and that they could 

withdraw from the study at any time if they wished to. The letter also provided the 

researcher’s contact details in case the participants needed further clarifications or 

assistance in completing the questionnaire. A questionnaire can be administered in a 

variety of ways. Considering the context of the current project, and following Saunders 

et al. (2016), it was considered appropriate to use a combination of techniques in 

distributing the questionnaire. Thus, the questionnaire in this study was mainly self-

completed and managed through online communication (a web site and email). 

However, hand delivery and collection were also used, to improve the response rate, and 

participants were also offered an opportunity to clarify the questions face-to-face or 

resort to interviewer-completed questionnaires using these sessions. 

A web link was created using the Heriot-Watt University’s Vision service. The 

distribution of questionnaires via email was handled in the following ways: 

▪ Students who had already identified themselves as potential respondents were 

emailed reminding them to expect the questionnaire through a web link in an 

email. They were also invited to come along to the ‘drop-in’ sessions, which 

were held five times a week, where they could complete the questionnaires. As 

an incentive, a payment of £3 was offered for each completed survey. 
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▪ A hyperlink to the questionnaire was sent along with a covering email. 

This approach was considered suitable because: (a) it allowed the researcher, a to 

contact a large number of respondents; (b) it enabled the researcher to track and issue 

reminders to participants who had not yet completed the survey; (c) it provided an 

archive to store participants’ details, enabling me to contact and follow up individual 

respondents and to invite them to participate in the interview stage; (d) it helped to 

increase the response rate. The researcher also distributed and collected completed hard 

copies of the survey from the ‘drop-n’ sessions. The number of respondents from the 22 

teams ranged from 4-10 students per team, with a total of 161 valid responses (73%).   

Phase 2 (Week 6: Semi-structured Interview Data Collection Procedure)  

Four interviews were conducted with the following project participants: (1) project 

coordinator (PC), (2) the team members of the ‘winning’ teams for the 'Best Design 

Solution' (BDS) and (3) 'Best Teamwork' (BTW) and (4) one member of one of the 

losing teams. All interviews were recorded on a smartphone and then manually 

transcribed. The transcribed data were then analysed using thematic analysis, which is 

commonly regarded as a generic approach to analysing qualitative data (Saunders et al., 

2016). 

5.3 Results 

This section presents the data analysis and findings obtained within the two phases of 

the data collection process explained above. The results are presented in the same order 

as they were collected (see Appendixes 3 and 4).   

5.3.1      Phase 1: Observational data analysis - Observational results 

The observational results are based on (1) the researcher’s checklists or notes taken 

while conducting the participant observation method (see Appendix 2) and (2) also on 

the researcher’s ratings (within the range of 1 to 10) as an observer given to the teams 

for their final outputs. It is worth mentioning that the majority of the teams worked and 

communicated remotely through social networking media including Facebook and 

WhatsApp.  
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The observational results (see Appendix 2) show that the majority of members of the 

winning teams were highly active. This applied to both the pairs of winning teams who 

won the prize for the BDS (teams 8 and 17) and for the BTW (teams 6 and 22) (see 

Section 5.2.4). In those teams, every member took the initiative to successfully deliver 

the project design and was committed to the overall high performance of the team, 

whereas in the losing teams (i.e. the ones which received no votes) only 1 or 2 members 

made a contribution (see Section 5.4). In other words, the winning teams illustrated 

collective collaborative team performance, where all team members were goal-focused 

individuals with a diverse range of expertise and skills in project design. It was 

observed that the members of the winning teams collaborated, innovated and produced 

effective project design results that fully met the requirements (see Appendix 1) and 

expectations of the client and judges (see Figure 5.2). The winning teams pursued 

performance excellence through the following principles: shared goals (principle 10), 

shared leadership (principles 9 and 20), collaboration (principles 4 and 5), open 

communication (principle 5), clearly defined roles and tasks and team operating rules 

(principles 6 and 17), early resolution of project design variances and constraints 

(principles 12 and 16), and a strong sense of accountability and trust among its members 

(principles 2, 9 and 10).   

 

Figure 5.2 Observational results from the researcher’s point of view    

With regard to the losing teams, based on my observations as a researcher, they 

exhibited the following common characteristics which seemed to be strong indicators 

and causes that led to the unsuccessful delivery of the project design:  

● Insufficient leadership skills among the team members;  

● Team members were not sufficiently engaged and involved in the project design 

process;  

● Lack of motivation and enthusiasm;  
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● Team members made project design decisions too quickly, without intuitive and 

rational decision-making input;  

● Team members were not clear about their roles, responsibilities and team goals; 

● The overall team atmosphere was not open (see Appendix 2).   

5.3.2      Phase 1: Voting results   

As mentioned above, each team presented their solutions for their project design 

through both presentations and posters. Both the presentations and posters were subject 

to voting, based on the requirements and considerations set out in the initial project 

design brief (see Appendix 1). The voting results (see Section 5.2.4) for all teams are 

presented Figure 5.3.  

 

 

Figure 5.3 Voting results for all 22 teams for the prizes for ‘Best Design Solutions’ 

(BDS) and ‘Best Teamwork’ (BTW) 

 

5.3.3      Phase 2: Survey/Questionnaire Data analysis   

This section presents the data analysis and findings for team performance and project 

risk factors obtained from Section 2 (Team performance and effectiveness dimensions 

or measures) and Section 3 (Identification & Analysis of risk factors affecting the 

collaborative design project) of the questionnaire. The data analysis results will be 

presented following descriptions of the elements of the questionnaire structure.    
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Results of Section 2: Team performance and effectiveness dimensions or measures 

Section 2 of the questionnaire consisted of 50 pre-existing statements which were 

mapped onto the 20 STS principles (see Table 5.2 in Section 5.2.3). In order to reveal 

differences resulting from the presence or absence of the STS principles, the 

questionnaire data were first partitioned. This involved selecting the mean scores 

associated with the presence of the 20 STS principles for the 4 winning teams (Teams 6, 

8, 17 and 22) which achieved the highest vote scores and won the competition prizes, 

and 6 losing teams (Teams 1, 7, 12, 18, 19 and 21) which did not receive any votes (See 

Section 5.3.1). By plotting the findings obtained from the questionnaire on a bar chart 

(Figure 5.4), it can be clearly observed that the winning teams had higher scores than 

the losing teams for the presence of the 20 STS principles. Thus, the better task 

performance of the winning teams can be attributed to the presence of these principles. 

 

Figure 5.4 Scores for the presence of 20 STS principles: scores derived from 50 

diagnostic team effectiveness questionnaire statements affecting the collaborative 

design project via the mapping exercise for the winning and losing teams (see Table 5.2 

in Section 5.2.3).    

 
Further, to determine if these differences are statistically significant, Mann-Whitney U 

Tests were performed. The Null hypothesis (H0) for the test is that there is no 
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significant difference in the presence of the STS principles between the winning and 

losing teams. The decision rule is to reject the null hypothesis if the p-value is less than 

0.05 and accept the alternative hypothesis (H1) that there is a statistically significant 

difference in the presence of the STS principles between the winning and losing teams. 

A more relaxed criterion of p-value less than 0.1 was also used to provide additional 

insights.  

It was found that the differences in ranks for the presence of the 20 STS principles 

between the winning and losing teams were statistically significant. Mainly, the 

presence scores of the STS principles were statistically significantly higher for the 

winning teams (mean rank = 25.85) than the losing teams (mean rank = 15.15) (U=93, 

z= -2.896, p=.003). 

The Mann-Whitney U Tests were performed for each individual STS principle 

comparing the winning and losing teams, and the results are shown in Table 5.4.  

 

Table 5.4 Mann-Whitney U Test results for 20 STS principles derived from 50 team 

effectiveness diagnostic questionnaire statements affecting the collaborative design 

project via the mapping exercise between the winning and losing teams (see Table 5.2)   

 

№ 
20 STS principles 

Mann-Whitney U Tests 

Winning 
teams 

Losing 
teams  U-Value Z Significance Result 

Mean Rank 

1 MULTIFUNCTIONALISM  43.98 37.14 627.5 -1.367 0.172 Retain the null 
hypothesis  

2 CONGRUENCE 47.83 34.38 500.5 -2.583 0.010 Reject the null 
hypothesis  

3 FLEXIBLE 
SPECIFICATION  

44.09 37.07 624 -1.385 0.166 Retain the null 
hypothesis  

4 JOINT OPTIMISATION  46.45 35.37 546 -2.156 0.031 Reject the null 
hypothesis  

5 PARTICIPATION 50.73 32.3 405 -3.54 0.000 Reject the null 
hypothesis  

6 DESIGNING DESIGN 44.8 36.55 600.5 -1.667 0.096 Reject the null 
hypothesis  

7 EXPERIMENTATION 43.27 37.65 651 -1.1 0.271 Retain the null 
hypothesis  

8 FLUX 43.14 37.75 655.5 -1.083 0.279 Retain the null 
hypothesis  

9 RESPONSIBILITY 46.35 35.45 549.5 -2.093 0.036 Reject the null 
hypothesis  

10 VALUES 45.09 36.35 591 -1.674 0.094 Reject the null 
hypothesis  

11 BOUNDARIES 38.98 40.73 792.5 0.35 0.727 Retain the null 
hypothesis  
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12 CONSTRAINTS 45.27 36.22 585 -1.843 0.065 Reject the null 
hypothesis  

13 MULTIDISCIPLINARITY 43.38 37.58 647.5 -1.222 0.222 Retain the null 
hypothesis  

14 RESOURCE FLOWS 42.42 38.26 679 -0.835 0.404 Retain the null 
hypothesis  

15 UNIQUENESS 38.91 40.78 795 0.384 0.701 Retain the null 
hypothesis  

16 VARIANCE CONTROL 45.26 36.21 583 -1.842 0.067 Reject the null 
hypothesis  

17 FUNCTIONAL 
PURPOSES 

43.17 37.73 654.5 -1.066 0.287 Retain the null 
hypothesis  

18 JOB CHARACTERISTICS  40.95 39.32 727.5 -0.316 0.752 Retain the null 
hypothesis  

19 SIMPLICTY AND SCALE 39.86 40.1 763.5 0.048 0.962 Retain the null 
hypothesis  

20 SELF-REGULATION 42.09 38.5 690 -0.691 0.490 Retain the null 
hypothesis  

 

 

Table 5.4 shows that the presence scores (in bold) of eight STS principles ‘congruence’ 

(2), ‘joint optimisation’ (4), ‘participation’ (5), ‘designing design’ (6), ‘responsibility’ 

(9), ‘values’ (10), ‘constraints’ (12) and ‘variance control’ (16) are statistically 

significantly different between the winning and losing teams. 

Particularly, it can be seen that, for principle 5 ‘participation’, the winning teams’ score 

(50.73) is significantly higher than that of the losing teams (32.3) with a difference of 

almost 20 points. The winning teams also scored significantly higher than the losing 

teams, by over 10 points, for principle 2 ‘congruence’ (47.83 compared to 34.38) and 

principle 4 ‘joint optimisation’ (46.45 compared to 35.37). Other principles, for which 

the winning teams also scored significantly higher, at 10% p-level, were ‘responsibility’ 

(9), ‘designing design’ (6), ‘values’ (10), ‘constraints’ (12) and ‘variance control’ (16).      

There are no statistically significant differences between the winning and losing teams 

for the remaining sociotechnical principles.   

 

Ranking the presence scores of 20 STS principles in  the context of  effectiveness of 

the winning teams  

The scores for the presence of the 20 STS principles in the context of the effectiveness 

of the winning and losing teams are ranked from highest to lowest in Table 5.5. The 

STS principles which are statistically different from those in Table 5.4 above are 

highlighted. It is apparent from Table 5.5 that eight statistically high STS principles out 

of twenty were identified as being frequently present or more critical in the 

effectiveness of teamwork in the winning teams. These STS principles, which are 
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‘congruence’ (2), ‘joint optimisation’ (4), ‘participation’ (5), ‘designing design’ (6), 

‘responsibility’ (9), ‘values’ (10), ‘constraints’ (12) and ‘variance control’ (16) are 

regarded as the top eight highly present STS principles, based on their mean rating 

ranking. It was found that three STS principles, ‘boundaries’ (11), ‘uniqueness’ (15) 

and ‘simplicity and scale’ (19) were perceived by the respondents to have low presence 

or usage in the teamwork of designing the projects, and had a low presence or 

involvement in team performance of the winning teams.  

 

Table 5.5 Ranking, from highest to lowest, of the presence of the 20 STS principles 

derived from 50 diagnostic team effectiveness questionnaire statements affecting the 

collaborative design project via the mapping exercise in the team effectiveness of 

winning teams (Imanghaliyeva, 2020b).  
№ 20 STS principles Winning teams 

 
 
 

1 

 
         HIGHLY CRITICAL 
 
   5 Participation 

 
 

 
50.73 

2    2 Congruence 47.83 
3    4 Joint Optimisation 46.45 
4    9 Responsibility 46.35 
5    12 Constraints 45.27 
6    16 Variance Control 45.26 
7    10 Values 45.09 
8    6 Designing Design 

 
LESS CRITICAL 

44.8 
 

 
 

9   3 Flexible Specification 44.09 
10   1 Multifunctionalism 43.98 
11   13 Multidisciplinarity 43.38 
12   7 Experimentation 43.27 
13   17 Functional Purposes 43.17 
14   8  Flux 43.14 
15   14 Resource Flows 42.42 
16   20 Self-Regulation 42.09 
17   18 Job Characteristics 

 
RARELY CRITICAL 
 

40.95 
 

 

18 19 Simplicity and Scale 39.86 
19 11 Boundaries 38.98 
20 15 Uniqueness 38.91 

 

 

Results of Section 3: Identifying the possible occurrence of the 18 risk factors 

affecting the collaborative design project   
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In order to expose differences resulting from the possibility of occurrence of the 18 risk 

factors, the data obtained from section (3) Identification & Analysis of Risk factors 

affecting the Designing the Collaborative Projects of the questionnaire (see Appendix 3) 

were first partitioned. This involved selecting the scores associated with the possibility 

of occurrence for the 4 winning teams (Teams 6, 8, 17 and 22), which achieved the 

highest votes scores and won the competition prizes, and 6 losing teams (Teams 1, 7, 

12, 18, 19 and 21), which did not receive any votes (and no prizes) (see section 5.3.1). 

Overall, as can be seen from Figure 5.5 below, the losing teams had higher scores for 

the possibility of occurrence of the 18 risk factors compared to the winning teams.  

 

 

Figure 5.5 The possibility of occurrence of the 18 risk factors that may affect the 

collaborative design project for the winning and losing teams (Imanghaliyeva, 2020b).   

Further, to determine if there are any statistically significant differences in the      

occurrence scores of the 18 risk factors for the winning and losing teams, the Mann-

Whitney U Tests were performed. The Null Hypothesis (H0) for the test is that there is 

no significant difference in the possible occurrence of the risk factors between winning 

and losing teams. The decision rule is to reject the null hypothesis if the p-value is less 

than 0.05 and accept the alternative hypothesis (H1) that there is a statistically 

significant difference in the possible occurrence of the risk factors between the winning 

and losing teams.  
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Mann-Whitney U Tests were performed for each individual risk factor score for the 

winning and losing teams and the results are shown in Table 5.6. It can be seen that      

the occurrence scores of three risk factors (in bold), ‘unavailability of the critical team 

members at crucial points of project design’ (10), ‘lack of assessment and evaluation’ 

(12) and ‘insufficient time for project design’ (13) of the losing teams were statistically 

significantly higher compared to those of the winning teams. Most notably, the winning 

teams scored significantly lower (28.95) than the losing teams (47.92) for ‘lack of 

assessment and evaluation’ (12) – a gap of almost 20 points. The winning teams’ scores 

were also significantly lower than those of the losing teams for ‘unavailability of the 

critical team members at crucial points of project design’ (10) (33.29 versus 44.82, 

respectively) and ‘insufficient time for project design’ (13) (32.74 versus 45.21, 

respectively). There is no statistically significantly difference between the scores of the 

winning and losing teams for the remaining risk factors. 

 

Table 5.6 Mann-Whitney U Tests for 18 risk factors affecting the collaborative design 

project between winning and losing teams (Imanghaliyeva, 2020b).    

№ 18 Risk factors affecting the 
collaborative design project 

 Mann-Whitney U Tests 
 Winning 

teams 
Losing 
teams  U-Value Z Significance Result 

 Mean Rank 
1 Lack of support from the 

university ruling party 
 37.39 41.87 845 0.9 0.368 Retain the null 

hypothesis  
2 Project scope changes  38.18 41.3 819 0.619 0.536 Retain the null 

hypothesis   
3 Project design task being 

cancelled due to change in 
university ruling party  

 36.74 40.52 783 0.753 0.451 Retain the null 
hypothesis  

4 Lack of mutual trust and 
understanding within the 
team members  

 38.42 41.13 811 0.537 0.592 Retain the null 
hypothesis  

5 Redo project cost estimates  39.79 40.15 766 0.072 0.943 Retain the null 
hypothesis  

6 Incomplete or late project 
design drawings 

 38.3 41.22 815 0.573 0.567 Retain the null 
hypothesis  

7 Team conflict and disputes   37.88 41.52 829 0.718 0.473 Retain the null 
hypothesis  

8 Communication breakdown 
among the team members 

 36.73 42.35 867 1.114 0.265 Retain the null 
hypothesis  

9 Lack of commitment between 
project parties  

 38.61 41 805 0.477 0.634 Retain the null 
hypothesis  

10 Unavailability of the critical 
team members at crucial 
points of project design 

 33.29 44.82 980.5 2.271 0.023 Reject the null 
hypothesis  

11 Shortage of technical skilled 
team members  

 37.98 41.45 825.5 0.679 0.497 Retain the null 
hypothesis  

12 Lack of assessment and 
evaluation 

 28.95 47.92 1,123.50 3.732 0.000 Reject the null 
hypothesis  

13 Insufficient time for project 
design 

 32.74 45.21 998.5 2.438 0.015 Reject the null 
hypothesis  
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14 Lack of coordination and 
communication among the 
project parties  

 37.06 42.11 856 0.991 0.322 Retain the null 
hypothesis  

15 Inexperienced, inadequate 
team members  

 37.79 41.59 832 0.747 0.455 Retain the null 
hypothesis  

16 Shortage of experienced team 
members 

 37.76 40.78 800 0.6 0.548 Retain the null 
hypothesis  

17 Lack of situation awareness 
among the team members 

 38.39 41.15 812 0.539 0.590 Retain the null 
hypothesis  

18 Additional needs requested 
by project parties  

 37.06 42.11 856 0.991 0.322 Retain the null 
hypothesis  

 
 
Ranking from highest to lowest of the occurrence scores of the 18 risk factors for the 

winning and losing teams  

The occurrence scores of the 18 risk factors for the winning and losing teams are ranked 

from highest to lowest in Table 5.7. The statistically different risk factors highlighted in 

Table 5.6 are also highlighted in Table 5.7. It is apparent from Table 5.7 that three risk 

factors were identified by respondents as being the most critical. These risk factors are 

‘unavailability of the critical team members at crucial points of project design’ (10), 

‘lack of assessment and evaluation’ (12) and ‘insufficient time for project design’ (13), 

based on the mean rating ranking of the losing teams. The other twelve risk factors, 

including ‘lack of support from university overseeing groups’ (1), ‘project scope 

changes’ (2), ‘incomplete or late project design drawings’ (6), ‘lack of mutual trust and 

understanding within the team members’ (4) and lack of commitment between project 

parties’ (9), were found to be less critical. Finally, the three risk factors, ‘project design 

task being cancelled due to change in university overseeing group’ (3), ‘redo project 

cost estimates’ (5) and ‘shortage of experienced team members’ (16), were perceived as 

the least critical, and hence significantly less likely to affect the performance of the 

losing teams (see Table 5.7). 

Table 5.7. Ranking from highest to lowest of the occurrence scores of the 18 risk factors 

affecting the performance of the winning and losing teams. 
№ 18 Risk Factors Winning 

teams  
18 Risk Factors Losing 

teams  
 

                                                                           Most critical   

1 5 Redoing project cost estimates 39.79 12 Lack of assessment and evaluation 47.92  

2 9 Lack of commitment between project 
parties  

38.61 13 Insufficient time for project design 45.21  

3 4 Lack of mutual trust and understanding 
within the team members 
 

38.42 
 
 
Less critical 

 

10 Unavailability of the critical team members at 
crucial points of project design 
 

44.82  

4 17 Lack of situation awareness among the 38.39 8 Communication breakdown among the team 42.35  
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№ 18 Risk Factors Winning 
teams  

18 Risk Factors Losing 
teams  

 

                                                                           Most critical   

team members members 

5 6 Incomplete or late project design drawings 38.3 14 Lack of coordination and communication among 
the team members 

42.11  

6 2 Project scope changes 38.18 18 Additional needs requested by project parties  42.11  

7 11 Shortage of technical skilled team 
members 

37.98 1 Lack of support from the University ruling party 41.87  

8 7 Team conflict and disputes  37.88 15 Inexperienced, inadequate team members 41.59  

9 15 Inexperienced, inadequate team 
members 

37.79 7 Team conflict and disputes  41.52  

10 16 Shortage of experienced team members  37.76 11 Shortage of technical skilled team members 41.45  
  
11 1 Lack of support from the university ruling 

party 
37.39 2 Project scope changes 41.3  

12 14 Lack of coordination and communication 
among the team members 

37.06 6 Incomplete or late project design drawings 41.22  

13 18 Additional needs requested by project 
parties  

37.06 17 Lack of situation awareness among the team 
members 

41.15  

14 3 Project design task being cancelled due to 
change in University ruling party  

36.74 4 Lack of mutual trust and understanding within the 
team members 

41.13  

15 8 Communication breakdown among the 
team members 

36.73 9 Lack of commitment between project parties  41  

Rarely critical  

16 10 Unavailability of the critical team 
members at crucial points of project design 

33.29 16 Shortage of experienced team members 40.78  

17 13 Insufficient time for project design 32.74 3 Project design task being cancelled due to change 
in University ruling party  

40.52  

18 12 Lack of assessment and evaluation 28.95 5 Redo project cost estimates 40.15  

 
 
The STS principles missing from the 20 STS principles in the performance of the 

winning and losing teams 

Table 5.8 shows that the losing teams were more likely to have a larger number of 

missing STS principles compared to the winning teams and that the absence of these 

principles were related with the 18 risk factors (see Table 5.3 in Section 5.2.3). In other 

words, failure to adhere to these principles constituted a risk, particularly for the 

principle ‘multidisciplinarity’ (13), the gap between the mean ratings of the losing and 

winning teams is almost 27 points (51.11 versus 24.52, respectively). Similarly, the 

absence score of the principle ‘boundaries’ (11) of the losing teams (50.97) is 

significantly higher than that of the winning teams (24.71). The absence scores for the 

principles ‘congruence’ (2) and ‘constraints’ (12) of the losing teams are higher by 

about 22 points than those of the winning teams. The absence scores for the four other 

principles, ‘multifunctionalism’ (1), ‘participation’ (5), ‘values’ (10) and ‘functional 

purposes’ (17), also differ significantly between the losing and winning teams, with 

higher scores for the losing teams, although the margins are smaller (around 15). There 
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are no statistically significant differences between the absence scores of the winning and 

losing teams for the remaining STS principles.     

 

Table 5.8 Mann-Whitney U Tests of the scores for the possible absence of STS 

principles derived from the 18 risk factors for the winning and losing teams (see Table 

5.3 in Section 5.2.3) 

№ 20 STS principles 

Mann-Whitney U Tests 
Winning 

teams 
Losing 
teams  U-Value Z Significance Result 

Mean Rank 
1 MULTIFUNCTIONALISM  31.7 45.96 1.033 2.756 0.006 Reject the null 

hypothesis  
2 CONGRUENCE 26.65 49.58 1, 199.5 -4.412 0.000 Reject the null 

hypothesis  
3 FLEXIBLE SPECIFICATION  38.38 41.16 812.5 0.555 0.579 Retain the null 

hypothesis  
4 JOINT OPTIMISATION  39.95 40.03 760.5 0.016 0.987 Retain the null 

hypothesis  
5 PARTICIPATION 31.55 46.07 1,038 2.795 0.005 Reject the null 

hypothesis  
6 DESIGNING DESIGN 40.98 39.29 726.5 -0.337 0.736 Retain the null 

hypothesis  
7 EXPERIMENTATION 43.27 37.65 837.5 -1.1 0.271 Retain the null 

hypothesis  
8 FLUX 37.62 41.71 774 0.805 0.421 Retain the null 

hypothesis  
9 RESPONSIBILITY 39.58 40.3 773 0.145 0.884 Retain the null 

hypothesis   
10 VALUES 31.77 45.9 1,030.50 2.737 0.006 Reject the null 

hypothesis  
11 BOUNDARIES 24.71 50.97 1,263.50 5.034 0.000 Reject the null 

hypothesis  
12 CONSTRAINTS 27.05 49.29 1,270 5.106 0.000 Reject the null 

hypothesis  
13 MULTIDISCIPLINARITY 24.52 51.11 1,186.50 4.27 0.000 Reject the null 

hypothesis   
14 RESOURCE FLOWS 36.67 42.39 869 1.144 0.253 Retain the null 

hypothesis  
15 UNIQUENESS 39.95 40.03 760.5 0.016 0.988 Retain the null 

hypothesis  
16 VARIANCE CONTROL 39.58 40.3 773 0.147 0.883 Retain the null 

hypothesis  
17 FUNCTIONAL PURPOSES 31.11 46.38 1,052.50 2.952 0.003 Reject the null 

hypothesis  
18 JOB CHARACTERISTICS  35.5 43.23 907.5 1.522 0.128 Retain the null 

hypothesis  
19 SIMPLICTY AND SCALE 39.73 40.2 768 0.093 0.926 Retain the null 

hypothesis  
20 SELF-REGULATION 39.91 40.07 762 0.031 0.975 Retain the null 

hypothesis  
 
 

The criticality of missing STS principles derived from 18 risk factors for the 

performance of the losing teams 
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Table 5.9 shows the STS principles ranked in descending order in terms of the mean 

rank values for the losing teams from Table 5.8. This ranking reflects the 

degree/criticality of absence of these principles in the performance of the losing teams. 

Within the ranking the principles are divided into three groups, depending on how 

critical their absence is: most critical (mean rank values > 45), less critical (mean rank 

values between 45 and 40), and rarely critical (40 and less). The top 8 identified 

principles that were judged to be highly or most critical were ‘multidisciplinarity’ (13), 

‘boundaries’ (11), ‘congruence’ (2 ‘constraints’ (12), ‘functional purposes’ (17), 

‘participation’ (5), ‘multifunctionalism’ (1) and ‘values’ (10). The seven principles from 

9 to 15 in the ranking –  job characteristics’ (18), ‘resource flows (14), ‘flux (8), 

‘flexible specification’ (3), ‘responsibility’ (9), ‘variance control’ (16) and ‘simplicity 

and scale’ (19) were judged to be less critical, while those from 16 to 20, including 

‘self-regulation’ (2), ‘joint optimisation’ (4), ‘uniqueness’ (15), ‘designing design’ (6) 

and ‘experimentation’ (7) were assessed as rarely critical. The top eight STS principles 

(i.e. the most critical) were highly likely to be absent in the performance of the losing 

teams. Hence, it is very probable that the team performance during the collaborative 

design project was mainly negatively affected by their absence. Out of all 20 STS 

principles, ‘multidisciplinarity’ (13) tops the ranking, so that its absence was probably 

the most critical one for the performance of the losing teams. 

Table 5.9 Ranking from highest to lowest of the possibility of absence of 20 STS 

principles in the performance of the losing teams 
№ 20 STS principles Losing teams 

                                                                                        Most critical                                                       
1 13 Multidisciplinarity 51.11 
2 11 Boundaries 50.97 
3 2 Congruence 49.58 
4 12 Constraints 49.29 
5 17 Functional Purposes 46.38 
6 5 Participation  46.07 
7 1 Multifunctionalism 45.96 
8 10 Values 45.9 

                                                                                         Less critical  
9 18 Job Characteristics 43.23 
10 14 Resource Flows  42.39 
11 8 Flux 41.71 
12 3 Flexible Specification 41.16 
13 9 Responsibility 40.3 
14 16 Variance Control 40.03 
15 19 Simplicity and Scale  40.2 

                                                                                          Rarely critical  
16 20 Self-Regulation  40.07 
17 4 Joint Optimisation 40.03 
18 15 Uniqueness 40.03 
19 6 Designing Design 39.29 
20 7 Experimentation  37.65 
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 These results are combined to emphasise the importance of the presence of the 

identified STS principles in the successful team performance and also that the absence 

of adherence to these principles can be associated with the presence of risk factors. The 

most critical principles were found to be ‘congruence’ (2), ‘joint optimisation’ (4), 

‘participation’ (5), ‘designing design’ (6), ‘responsibility’ (9), ‘values’ (10), 

‘constraints’ (12) and ‘variance control’ (16), while the top risk factors were shortage 

of experienced team members’ (10), ‘lack of joint risk mechanism by team members’ 

(12) and ‘lack of situation awareness among the team members’ (13).  Moreover, the 

absence of certain principles (‘multifunctionalism’ (1), ‘congruence’ (2), ‘participation’ 

(5), ‘values’ (10), ‘boundaries’ (11), ‘constraints’ (12), ‘multidisciplinarity’ (13) and 

‘functional purposes’ (17) was also observed to have a critical effect on the team 

performance. 

5.3.4      Phase 2: Data analysis of Semi-structured Interview  

     This section aims to gain a deeper insight into designing a successful collaborative 

project from the STS perspective and expand the findings of the questionnaire survey. 

The analysis of the collected data will highlight the risk factors and degree of joint 

optimisation between the project participants (the social aspect of the system/project) 

and collaborative design project (the technical aspect of the system/project) from a STS 

perspective. The interview questions were designed to satisfy the research objectives  

(3) and (4).  

Results of Section 1: General Background Information 

The interview questions:  

1.1 Please tell me the name of the team and your study programme      

1.2 Please can you also tell me your age?  

For confidential reasons, personal details are kept secured by the researcher for any 

follow-up.   

1.3 Please tell me, do you have any experience in project design? (Have you been 

working as an internship or as a volunteer in different organisations related with 

project design?)  (If yes, how many years?)  

The participants' responses revealed that the interviewee project coordinator (PC) had 

been working as an architect and project manager for more than 20 years, the 

interviewee from the winning team 'Best Design Solution' (BDS) had worked for over a 



 

145 
 

year as an international contractor, and the interviewee from the winning team 'Best 

Teamwork' (BTW) had worked as a local contractor for less than a year. The 

interviewee from a losing team (LT) had worked as a consultant for more than three 

years.    

1.4 What role did you play in the Collaborative Design project? (e.g., project manager, 

cost analysis manager, risk manager, interior designer etc.)  

PC explained that she was acting as an organiser of the collaborative design project. 

BDS acted as a structural engineer and interior designer; BTW and LT were acting as 

the project managers and civil engineers.  

To address research question (3), Section 2 (general experiences of designing a 

collaborative project) of the interview was conducted.   

 

Results of Section 2: General experiences of designing the collaborative project  

2.1: What aspects of your involvement in the Collaborative Design Project have you 
found most rewarding?   
Interviewee PC stated: '…collaborative working, helping people to develop their team-

building skills' were most rewarding. BDS and LT mentioned ‘working in the 

multidisciplinary team, time management side,’ Interviewee BTW added ‘involving in 

the interior designer, learning and gaining the different perspectives’.   

2.2: In the light of your experience of designing the project:  

(a) Which aspects are working well? 

Interviewee PC explained that team size, project brief, overall project planning and 

project time planning worked well. Interviewees BDS and LT had similar views 

explaining that setting up the time for the meeting, group chat to discuss ideas about 

project design, the group email and working together as a team had worked well for 

them. Interviewee BTW mentioned that interior design worked well.  

(b) Which aspects of project design are in most need of improvement?  

Interviewee PC stated: '…need to improve the teamwork methods'. Interviewees BDS 

and BTW explained that the project cost plan needed much improvement, interviewee 

LT mentioned '…setting up the deadlines correctly and delegate tasks appropriately'.  
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2.3: Are you satisfied with the quality of communication among team members? How 

might it be improved? 

Interviewees BDS, BTW and LT were generally satisfied with the quality of 

communication within the team. However, PC proposed that communication among the 

team members could be improved through better team structure. 

2.4: How would you describe your relationship with team members?  

Interviewees BDS, BTW and LT all agreed that it was very supportive.   

2.5: If communication between team members were ideal, what would it look like?  

Interviewee PC proposed that ideal communication it would look like: '...a lot of 

discussions, some disagreement, but always in good humour, shared pride in the results 

at the end'. Interviewees BTW and LT had a similar view to PC, while interviewee BDS 

proposed '...the right information to the right person at the right time and the right 

level'.  

2.6:  How might designing the project have to be improved?  

Interviewee PC proposed that it could be improved through '…better structure on how 

to work together as a team', while all interviewees from both winning and losing teams 

suggested giving more time for project design and setting up the targets accurately.    

2.7: What does the project need from the team to run well? 

Interviewee PC explained that it needs '…input from each member of the team, equal 

input from all the disciplines, good communication and coordination, good project 

scope'. A similar view was expressed by interviewee LT, explaining that a project needs 

'…consistency and contribution from every team member'. Interviewees BDS and BTW 

also expressed a similar view, explaining that having leadership skills, good structure 

and better planning leads to project design excellence.                                                                                                  

2.8:  How well has the team met the needs of the project? 

All interviewees expressed the view that each team member was supportive and 

contributed to meeting the needs of the client.  

2.9: If you were to design this project again, what would you change? 

Interviewee PC stated that she would add more structure to the teamwork, providing 

more precise methods on how to work together. Interviewees BDS and LT explained 
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that structure of the building and landscaping might have been changed. Interviewee 

BTW proposed to make it mandatory for each team member to go on the field trip to see 

the sites.  

2.10: What advice would you offer to the next year’s students in project design for the 

first time?  

Interviewee PC advised setting up the teamwork methods and focusing more on mutual 

trust and mutual respect. The interviewees from both winning and losing teams 

proposed setting up a daily plan for the project design at the early stage of the project, 

setting up effective, productive and constructive communication.   

Results of Section 3: Identifying and managing the risk factors affecting the 
collaborative design project  

The interview questions used for this section were: 
3.1: Are there any social, technical and organisational risk factors affected the performance of 

this collaborative design project based on your experience? Please explain. 

 
19 risk factors that could influence the collaborative design project were identified from 

the results from all the interview participants. These risk factors are summarised in 

Table 5.10. The results suggest a high level of occurrence of the identified risk factors 

in the performance of the losing team. In particular, 13 risk factors, or 68% of all the 

risk factors, occurred in the performance of the losing team whilst only 3 risk factors 

were identified as present in the performance of the first winning team (BTW) and 5 

risk factors each in the second winning team (BDS) and by the project coordinator (PC). 

Among all 19 risk factors, ‘Insufficient time for project design’ (1) was found to be 

common to all interviewees. The remaining risk factors differed between the 

interviewees but there were three more risk factors, which were mentioned by at least 

two interviewees (see Table 5.10): ‘redo project cost estimates’ (4) occurred in both 

winning teams, ‘unavailability of the critical project design participants at crucial 

points of project design’ (14) was identified in the responses of BDS and LT, ‘lack of 

assessment and evaluation’ (16) occurred in the answers of PC and BTW. These four 

risk factors were chosen as the key, most significant risks, which had a major impact on 

the successful project design delivery. 
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Table 5.10 Risk factors associated with designing the collaborative project identified 

from interviews  

№ 
Identified risk factors  

Interviewees 

Project 
Coordinator 

(PC) 

Winning 
team- Best 
Design 
Solution             
(BDS) 

Winning 
team - Best 
Teamwork 
(BTW) 

Losing 
team 
(LT)  

1 Insufficient time for project design  X X X X 
2 Incomplete or late project design drawings     X 
3 Project design variations   X   
4 Redo project cost estimates   X X  
5 Reselection of materials   X   
6 Not meeting the project deadlines     X 
7 Not setting up daily milestones    X 
8 Poor task allocation between the team members     X 
9 Ineffective team composition and team structure                                           X    
10 Lack of coordination and communication between the project 

parties 
           X    

11 Low management competency of team members     X 
12 Lack of consistency among the team members     X 
13 Insufficient skilled team members    X 
14 Unavailability of the critical team members at crucial points 

of project design  
  X  X 

15 Low productivity of the team members     X 
16 Lack of assessment and evaluation            X  X X 
17 

 
18 

Lack of responsibility  
 
Inadequate assistance from University teaching staff members  
 

 
 
           X 

  X 

19 Lack of participation and taking the initiatives among the team 
members   

   X 

 
X –indicates the occurrence of risk factors on the collaborative design project  

*The project design team members, client, teaching staff can be considered as the project parties.  

 

It is interesting to note that these four key risk factors were identical to the four risk 

factors appearing in the questionnaire data analysis results in the previous section (see 

Table 5.6 in Section 5.3.3). In particular, ‘insufficient time for project design’ was 

ranked (1) in the interviews and (13) in the questionnaire the, ‘redo project cost 

estimates’ ranked (4) and (5 respectively), ‘unavailability of the critical team members 

at crucial points of project design’ - (14) and  (10), and ‘lack of assessment and 

evaluation’ ranked (16) and (12), respectively (see Table 5.11). These findings support 

the validity of the questionnaire.  
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Table 5.11 Mapping 19 risk factors from the semi-structured interview results with 18 

risk factors from the questionnaire data results 
№ 19 risk factors identified from semi-structured interview 

results 
18 Risk factors affecting the collaborative design project from 

questionnaire data analysis results 
1 1 Insufficient time for project planning 13 Insufficient time for project design 

2 2 Incomplete or late project design drawings 6 Incomplete or late project design drawings 

3 3 Project design variations 2 Project scope changes 
4 4 Redo project cost estimates 5 Redo project cost estimates 
5 5 Reselection of materials - 
6 6 Not meeting the project deadlines 3 Project design task being cancelled due to change in University 

ruling party 
7 7 Not setting up daily milestones 14 Lack of coordination and communication among the project 

parties 
8 8 Poor task allocation between the team members - 

9 9 Ineffective team composition and team structure 7 Team conflict and disputes 

10 10 Lack of coordination and communication between the 
project parties 

14 Lack of coordination and communication among the project 
parties; 17 Lack of situation awareness among the team members 

11 11 Low management competency of team members 16 Shortage of experienced team members 

12 12 Lack of consistency among the team members 8 Communication breakdown among the team members 

13 13 Insufficient skilled team members 15 Inexperienced, inadequate team members 

14 14 Unavailability of the critical team members at crucial 
points of designing the project 

10 Unavailability of the critical team members at crucial points of 
project design 

15 15 Low productivity of the team members 18 Additional needs requested by project parties 
16 16 Lack of assessment and evaluation 12 Lack of assessment and evaluation 
17 17 Lack of responsibility 9 Lack of commitment between project parties 
18 18 Inadequate assistance from University teaching staff 

members 
1 Lack of support from the University ruling party 

19 19 Lack of participation and taking the initiatives among the 
team members 

9 Lack of commitment between project parties 

 

Interview question 3.2: Please tell me about the consequences (impacts) of each of the 

risk factors identified above on project design (Hint: use very high, high, medium, low 

and very low to explain). 

Table 5.12 Interview results indicating the consequences of the identified risk factors 

№ 
Identified risk factors  

Interviewees 

Project 
Coordinator 

(PC) 

The winning 
team- Best 

Design 
Solution             
(BDS) 

The winning 
team - Best 
Teamwork 

(BTW) 

Losing team 
(LT)  

1 Insufficient time for project design very high very high very high very high 
2 Incomplete or late project design drawings     high 
3 Project design variations   low   
4 Redo project cost estimates  low low  
5 Reselection of materials   low   
6 Not meeting the project deadlines               high 
7 Not setting up daily milestones    very high 
8 Poor task allocation between the team 

members 
   high 

9 Ineffective team composition and team 
structure                                

           high    
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№ 
Identified risk factors  

Interviewees 

Project 
Coordinator 

(PC) 

The winning 
team- Best 

Design 
Solution             
(BDS) 

The winning 
team - Best 
Teamwork 

(BTW) 

Losing team 
(LT)  

10 Lack of coordination and communication 
between the project parties 

           high    

11 Low management competency of team 
members 

   high 

12 Lack of consistency among the team members     very high 
13 Insufficient skilled team members            

 
 very high 

14 Unavailability of the critical team members 
at crucial points of designing the project  

                 low      very high 

15 Low productivity of the team members     very high 
16 Lack of assessment and evaluation                                                                                                            high  very high very high 
17 
 

    18 

Lack of responsibility  
 
Inadequate assistance from HW staff                                       
members  
 

 
 
           high             

  high 

19 Lack of participation and taking the initiatives 
among the team members   

   very high 

 

 

Table 5.12 shows a high level of consequences of the identified risk factors in the 

answers of LT and PC. ‘Insufficient time for project design’ (1) was highlighted as the 

most crucial risk factor that influenced the delivery of the project design solution. The 

remaining risk factors identified by the winning teams were believed to have a low 

impact on the project design (except for ‘lack of assessment and evaluation’ for BTW). 

Further details and explanations will be provided in Section 5.4.  

Interview question 3.3: Did you keep a record of the identified risks? How? 

All interviewees responded that there was no record kept of the risks, as they were 

mainly focused on meeting the project deadline.  

Interview question 3.4: How can each of the risks identified in 3.1 above be effectively 

managed to improve the performance of project design? 

The risk management approaches recommended by the interviewees in response to this 

question are summarised in Table 5.13. 

Table 5.13 Interview results showing the risk management approaches recommended by 

the interviewees 
№ 19 Identified risk 

factors  
Interviewees Sociotechnical risk management approaches recommended by the interviewees 

1 Insufficient time for 
project design 

PC, BDS, 
BTW & LT 

Proper allocation of the tasks, roles and responsibilities among the project design 
participants; define and set up the project design goal; establish a clear schedule that 
meets the project deadline; establish a shared mission and a strong sense of 
accomplishment relative to the project; aim to produce strong, measurable results.  
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№ 19 Identified risk 
factors  

Interviewees Sociotechnical risk management approaches recommended by the interviewees 

2 Incomplete or late 
project design 
drawings  

LT Define and set up the project design goal; establish a clear schedule that meets the 
project deadline; ensure having sufficient time for project planning; aim to produce 
reliable, measurable results; develop effective interpersonal communication between 
project participants. 

3 Project design 
variations  

BDS Provide sufficient research on project design; redesign incorrectness; provide a 
complete and accurate cost estimate.   

4 Redo project cost 
estimates   

BDS & BTW Provide complete and accurate cost estimate; define and set up the project design goal; 
establish a clear plan that meets the project goals and project scope.  

5 Reselection of 
materials  

BDS Provide adequate or sufficient research on required materials; ensure adequate, skilled 
project design participants.  

6 Not meeting the 
project deadlines  

LT Proper allocation of the tasks, roles and responsibilities among the project design 
participants; ensure rich communication between the project participants; define and 
set up the project design goal; ensure effective collaborative team working process; 
establish appropriate and adequate knowledge sharing between project participants; 
establish effective coordination between project design participants; provide proper 
feedback on progress; establish effective interpersonal communication between project 
participants; ensure that everyone values what each participant contributed to the team.  

7 Not setting up daily 
milestones 

LT Define and set up the project design goal; establish a shared mission and a strong sense 
of accomplishment relative to the project; ensure having sufficient time for project 
planning.  

8 Poor task allocation 
between the team 
members  

LT Establish a shared mission and a strong sense of accomplishment relative to the project; 
proper allocation of the tasks, roles and responsibilities among the project design 
participants; establish appropriate and adequate knowledge sharing between project 
participants.  

9 Ineffective team 
composition and team 
structure                                

PC Modify the team structure by reconsidering the project brief  

10 Lack of coordination 
and communication 
between the project 
parties 

PC Establish effective coordination, mutual trust, supportive relationships and 
understanding between project design participants; provide more support in terms of 
semantics and translations between diverse disciplines; provide project participants 
authority and power to withdraw those who do not contribute to project design; 
encourage the project participants to be motivated 

11 Low management 
competency of team 
members  

LT Proper allocation of the roles and responsibilities of the project participants; ensure that 
everyone values what each participant contributed to the team performance; establish a 
key project player who has leadership skills.  

12 Lack of consistency 
among the team 
members 

LT Establish effective control and monitoring from the HW side to continuously monitor 
project activities through the duration of the collaborative design project; ensure the 
assessment of the project (make it weighted).  

13 Insufficient skilled 
team members 

LT Ensure sufficient amount of skilled project design participants 

14 Unavailability of the 
critical team members 

at crucial points of 
project design  

LT Establish effective control and monitoring from the HW side to continuously monitor 
project activities through the duration of the collaborative design project; ensure the 
assessment of the project (make it weighted).  

15 Low productivity of 
the team members  

LT Encourage the project participants to be motivated and inspired to do their best; 
encourage the project participants to be active, passionate and enthusiastic.  

16 Lack of assessment 
and evaluation   

PC, BTW & 
LT 

Establish effective control and monitoring from HW side to continuously monitor 
project activities through the duration of the collaborative design project; provide 
project participants authority and power to withdraw those who do not contribute to 
project design; ensure the assessment of the project (make it weighted) 

17 
 
 
 

18 

Lack of responsibility  
 
 
Inadequate assistance     
from University 
teaching staff                                       
members 
 

          LT 
 
 
 
          PC                  

Proper allocation of the tasks, roles and responsibilities among the project design 
participants; Encourage the project participants to be motivated and inspired to do their 
best; encourage the project participants to be motivated and inspired to do their best.  
 
 
Train the staff before working with the multidisciplinary team   
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№ 19 Identified risk 
factors  

Interviewees Sociotechnical risk management approaches recommended by the interviewees 

19 Lack of participation 
and taking the 
initiatives among the 
team members   

LT Encourage the project participants to be motivated and inspired to do their best; 
encourage the project participants to be active, passionate and enthusiastic; establish 
effective control and monitoring from HW side to continuously monitor project 
activities through the duration of the collaborative design project; ensure the 
assessment of the project (make it weighted).  

 

5.3.6 Alignment of the 19 identified risk factors from the interview results with the 

20 STS principles   

Finally, to fulfil the research objectives (3) and (4), the 19 identified risk factors were 

mapped onto the 20 STS principles (see Table 5.14).  

 

Table: 5.14 Mapping the 19 identified risk factors with the 20 STS principles  
№ 

Identified risk factor  Lack of                     
20 STS principles Notes/explanations 

1 Insufficient time for project 
design 

2 Congruence                         
4 Joint Optimisation            
6 Designing Design 

Bearing in mind the tight deadline given for the project design, it was not 
easy to establish the harmony between the planned project brief and real 
physical teamwork process.   

2 Incomplete or late project design 
drawings  

2 Congruence                      
7 Experimentation                    
15 Uniqueness                       
16 Variance Control 

Every project design is unique in terms of the problems that arise, the 
project participants, the project priorities assigned in; therefore project 
design should have been designed to fit within the project objectives and 
project structure.  

3 Project design variations  16 Variance Control               
17 Functional 
Purposes 

The project should have been capable of serving the purpose for which it 
is designed. Any unexpected, unplanned events, deviations, disturbances 
that could prevent meeting the functional purposes of the project should 
have been eliminated at the source.  

4 Redo project cost estimates 12 Constraints        
16 Variance Control 
17 Functional 
purposes  

  

Any unexpected, unplanned events, deviations, disturbances, 
interruptions that could prevent meeting the functional purposes of the 
project should have been eliminated at the source.  

5 Reselection of materials  3 Flexible 
Specification                                
10 Values 

The expected outcome for the project design was specified, but the way 
of how to achieve it was minimally defined. 

6 Not meeting the project 
deadlines  

12 Constraints                      
16 Variance Control 

Any issues, unexpected, unplanned events, deviations, disturbances, 
interruptions that could prevent meeting the project deadlines the project 
should have been eliminated at the source.  

7 Not setting up daily milestones 18 Job 
Characteristics                   
19 Simplicity and 
Scale                            
20 Self-regulation  

Project participants should have minimised uncertain, complex aspects of 
the project design to maximise ease of designing the project 

8 Poor task allocation between the 
team members 

18 Job 
Characteristics 

Project participants roles within project design process need to involve a 
full, coherent and meaningful cycle of the project design activities. 

9 Ineffective team composition 
and team structure 

13 Multidisciplinarity Teamwork process should draw from a diverse range of disciplines. 

10 Lack of coordination and 
communication between the 
project parties 

2 Congruence                       
5 Participation                    
14 Resource Flows 

There was some evidence of team members not participating in the 
teamwork.  

11 Low management competency 
of team members 

1 Multifunctionalism              
13 Multidisciplinarity 

Teamwork process should draw from a diverse range of disciplines and 
project participants should be skilled in more than one function. 



 

153 
 

№ 
Identified risk factor  Lack of                     

20 STS principles Notes/explanations 

12 Lack of consistency among the 
team members 

5 Participation                        
9 Responsibility 

Although responsible autonomy was given to the project participants to 
carry out their project design tasks, there was some evidence of members 
not participating in the teamwork.  

13 Insufficient skilled team 
members 

1 Multifunctionalism Project participants should be trained in more than one function. 

14 Unavailability of the critical 
team members at crucial 
points of designing the project  

5 Participation                        
9 Responsibility 

Although responsible autonomy was given to the project participants to 
carry out their project design tasks, there was some evidence of members 
not participating in the teamwork.  

15 Low productivity of the team 
members  

 5Participation                   
18 Job 
Characteristics 

Lack of multifunctional project participants who have motivation and 
interest to take forward the project design.  

16 Lack of assessment and 
evaluation 

8 Flux                                          
20 Self-regulation  

The project design is an ongoing dynamic participative process that 
needs to be assessed and evaluated. 

17 Lack of responsibility  9 Responsibility                    
10 Values                         
18 Job 
Characteristics  

Although responsible autonomy was given to the project participants to 
carry out their project design, there was some evidence of members not 
participating in the teamwork.  

18 Inadequate assistance from 
University teaching staff 
members  

2 Congruence                             
11 Boundaries 

Project participants should receive appropriate help and support from 
HW staff members 

19 Lack of participation and taking 
the initiatives among the team 
members 

5 Participation  
                   

There was some evidence of team members not participating in the 
teamwork.  

 

As mentioned above, only the four top-ranked risk factors including ‘insufficient time 

for project design (1), ‘redo project cost estimates’ (4), ‘unavailability of the critical 

project design participants at crucial points of project design’ (14), ‘lack of assessment 

and evaluation’ (16) were chosen as the key, most significant risk factors. When these 

top-ranked risk factors were mapped on the STS principles (see Table 5.14), it was 

found that they were associated with the ten most significant STS  principles lying at the 

heart of the project design process, namely: ‘congruence’ (2), ‘joint optimisation’ (4), 

‘participation’ (5), ‘designing design’ (6), ‘flux’ (8), ‘responsibility’ (9), ‘constraints’ 

(12), ‘variance control’ (16), ‘functional purposes’ (17) and ‘self-regulation’ (20). The 

lack of application of these principles leads to a high likelihood of risk occurring, which 

has a severe impact on the project design performance and successful project delivery. 

These findings validate the findings of the questionnaire analysis. In the questionnaire 

data analysis the top eight STS principles - ‘congruence’ (2), ‘joint optimisation’ (4), 

‘participation’ (5), ‘designing design’ (6), ‘responsibility’ (9), ‘values’ (10), 

‘constraints’ (12) and ‘variance control’ (16), were found to be highly critical or highly 

present in the team effectiveness of the winning teams (see Tables 5.12 and 5.14).  
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5.4 Discussion of results for the losing and winning teams 

This section will discuss the risk factors identified for the losing and winning teams, 

respectively, based on the results of the observation, questionnaire and the interviews 

with the members of the teams. It will also discuss the specific risk factors identified by 

the interviewed project coordinator.  

5.4.1 Risk factors related to the losing teams (LT) (observational results, 

questionnaire results and LT interview) 

Thirteen risk factors that influenced the process of designing the collaborative project 

were identified by the LT interviewee (see Tables 5.10 and 5.13). Moreover, both the   

questionnaire and the interview with the participant from the LT indicated a high level 

of presence of these identified risk factors in the team performance of the losing teams 

compared to the winning teams (see Tables 5.6, 5.7 and 5.12). The LT interviewee 

identified each of the thirteen risk factors as having significant consequences on the 

team performance in designing the collaborative project (see Table 5.12). He explained 

that each of these risk factors had a high impact on the project design he was involved 

in. It is interesting to note that the risk factor ‘insufficient time for project design’ (1), 

which was identified by all interviewees, was highlighted by the LT as the most crucial 

risk factor that influenced the achievement of the project design delivery. The LT 

explained that due to a high level of pressure because of the deadlines and the amount of 

work to be done, five days are too short for the project design. 

The observational results revealed that the real teamwork process differed slightly from 

the planned project brief (see Appendix 1). In other words, the joint optimisation 

(principle 4) between the project participants (the social aspect of the system) and 

collaborative design project (the technical aspect of the system) were not met, leading to      

joint optimisation problems. The harmony between the planned organisational project 

structure and real physical teamwork process, which could also be seen as the 

sociotechnical congruence (principle 2), was not easy to establish in the accounts of the 

team performances (see Section 5.3.1 and Appendix 2). Thus, it could be observed that 

the strategy of recognising the project design process as an entire STS (‘designing 

design’ (principle 6)) was broken. The lack of this sociotechnical congruence between 

the planned project brief and the performance of the project design participants had 

several implications, including incomplete or late project design drawings (2) and 
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delayed project design delivery (6). These latter risk factors are examples of the need to 

observe timing constraints (‘constraints’ principle 12) that have to be controlled at 

source (‘variance control’ principle 16). Different approaches exist to scheduling issues 

in time-constrained project design (Dayal et al., 1988; Mubeen et al., 2019), including 

‘effective’ task allocation between the project design participants instead of ‘poor’ in 

risk (8)) that involves a full and meaningful cycle of activities (principle 18), better 

project planning setting up daily milestones (7) and many others. However, the LT did 

not attempt to solve these problems (Appendix 2). The LT should have acted as a self-

regulating or self-steering team (‘self-regulation’ principle 20) with the capability to 

achieve project objectives under a variety of conditions including adapting to changes 

during project design processes. There also appeared to be a lack of understanding of 

the ‘flexible specification’ principle 3: an expected project outcome was provided, but 

the means of achieving it were minimally critically specified. The LT interviewee 

explained that the losing team should have delegated tasks and set deadlines earlier, 

saying: “What let us down was doing all the work and then trying to combine it and 

then trying to create a poster and a presentation on the last day”.  

The interviewee LT also explained other significant factors, including ‘lack of 

consistency among the project participants’ (12) and ‘unavailability of the critical 

project design participants at crucial points of designing the project’ (14)  that affected 

the project design: “…some people not showing up at all and some showed up at the 

meeting 20 minutes late because they missed a bus or something –that was annoying. 

…because everyone wasn’t there it was left to the people that were there to decide 

things” (lack of the ‘participation’ (principle 5) and ‘responsibility’ (principle 9)). This 

interviewee reflected that these issues could have been mitigated through giving the 

project participants authority and power to withdraw those who did not contribute to the 

project design.  

Numerous studies have attempted to explain that both the individual and group actions 

of team members are likely to be more proactive when they have a shared sense of 

higher responsibility, (for example, Kirkman et al. 1999; Yang et al. 2009). It can thus 

be suggested that each member of the LT should have taken personal responsibility to 

address and resolve issues quickly to improve the effectiveness of the team.  

The interviewee LT further noted that the risk factors of participants not coming in and 

performing in the project design (risk 19) derived from the ‘lack of assessment and 
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evaluation’ (16). The  interviewees LT, BTW and PC all identified this as a serious risk 

factor (see Tables 5.6 and 5.12) affecting the teams involved in the collaborative design 

project. It is generally agreed that assessment and evaluation (principle 8) of the team 

performance is essential for the team enhancement. However, a limited number of tools 

exist to assess the performance in multidisciplinary teams (Lamb et al., 2011), including 

tools for employing scientific observational metrics (Lamb et al., 2011), MTB-MODe 

(Jalil et al., 2014) and self-assessment tools ‘TEAM’ (Taylor et al. 2012), TSAGAT 

(Crozier et al., 2015). In terms of the current case study in the educational context, the 

interviewees proposed that the collaborative design project should be marked, as a form 

of assessment.  

‘Low management competency of project design participants’ (11) arose from the lack 

of application of the ‘multifunctionalism (principle 1) and multidisciplinary approach 

(principle 13) to the project design. As the LT interviewee explained, the design process 

of the LT team had not benefited from a synergy of the knowledge provided by different 

disciplines. There was no evidence of combining, involving or applying multiple 

academic disciplines to the project design delivery. The interviewee explained: “…I 

would argue that it wasn’t a collaborative design project …it was just a generic design 

project. We had different disciplines, but it wasn’t [multidisciplinary] because those 

disciplines didn’t perform their discipline”. A collaborative team implies mutual 

engagement of all team members to solve a problem together (Camarinha-Matos et al., 

2009), which takes effort and dedication from every single member of the team. 

Moreover, in modern project design, the management of practical tasks generally 

involves the establishment of a multifunctional design team to simultaneously deal with 

different project tasks (Chen et al., 2004). Yauch (2007) suggests that working in a 

multifunctional team also motivates individuals who enjoy learning new things. 

However, at the same time, a “…multifunctional team can lead to worker overload from 

having too much variety, increased stress from juggling multiple responsibilities” 

(Yauch, 2007). Having a successful multifunctional team is a joint effort of all the team 

members, who have a multifunctional knowledge. Chen et al. (2004) established five 

characteristics of multifunctional team members: functional expertise, teamwork 

experience, communication skill, flexibility in job assignment and personality traits. 

These characteristics imply that team members’ characteristic patterns of feelings, 

behaviours and multifunctional knowledge acquisition are all to be involved for the 
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team to cope successfully with designing complex project tasks. The acquisition of 

multifunctional knowledge requires individuals to have substantial training that requires 

thousands of hours of practice if specific tasks are to be performed with facility and 

accuracy (Lesgold, 1983). In addition to this, the genetic factors of individuals, 

including having a high or balanced level of subtle vital energy/biofield (Neumyvakin, 

2012) probably play an essential role in individual performances. Even though cognitive 

scientists have learned much about the details of human cognition, the question of how 

people acquire multifunctional or cross-functional knowledge still remains unclear. In 

terms of the current case study, most of the participants of the collaborative design 

project did not have enough experience, professional and multifunctional knowledge in 

the area of project design. Hence, the lack of the sociotechnical principle 

1‘multifunctionalism’ in the team performances (see Table 5.1 in Section 5.2.2 and 

Section 5.3) was expected.     

The findings regarding the LTs performance show that the previously mentioned risk 

factors, including lack of collaboration, a jointly-optimised teamwork process and 

structured harmony between team members broke the team spirit and morale, which led 

to ‘low productivity of the project participants’ (15) and caused ‘incomplete or late 

project design drawings’ (2).  

 

5.4.2 Risk factors related to the winning teams (observational results, questionnaire 

results and BDS and BTW interviews)  

Six risk factors were identified by the interviews with participants from the BDS and 

BTW teams (see Tables 5.10 and 5.13). ‘Insufficient time for project design’ (1) and 

‘redo project cost estimates’ (4) were common to both BDS & BTW teams. In this 

respect, the interviewees from the winning teams had similar views to the rest of 

interviewees, explaining that due to the amount of work to be done five days were too 

short for the project design. ‘Redo project cost estimates’ (4) resulted from focusing too 

much on the external appearance of the building (lack of principles 17 ‘functional 

purposes’ and 12 ‘constraints’), rather than on the actual feasibility of the project, 

which caused ‘project design variations’ (3). The BDS team made some ‘dodgy’ design 

decisions, such as having too much space on the roof. The BDS interviewee stated: 

“…if we were actually to build our project, it would have quite a high impact, because 
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it would need a redesign, thinking and more research, about from both a technical 

building a structure point of view and from an environmental one.”  These risk factors 

could be associated with sociotechnical principle 16 ‘variance control’ in both the 

results of both the questionnaire (see Tables 5.2 and 5.3) and interviews (see Table 

5.14) , implying that variances need to be controlled from the point where they originate 

(Imanghaliyeva et al., 2019).  

The interviewee BDS mentioned another risk factor that prolonged the project design 

process, which was ‘reselection of materials’ (5) (lack of principles 3 and 10) as a result 

of changing the material from steel to glue laminated timber. There had not been a lot of 

research into how the glue within the timber would react with salt and chlorides inside 

it. “…if we were to build it that would have the potential to be a bit of an issue… it 

needs a lot more research before to make sure that it is feasible to do” (Interview 

BDS).  

According to the observational results (see Section 5.3.1), the questionnaire results (see 

Table 5.5) and the interviews with participants from the BDS and BTW teams (see 

Table 5.14)), similarly to the LT, the winning teams experienced a minor issue with 

people not being in the same place at the same time (lack of ‘participation’ principle 5). 

In addition, like interviewees PC and LT (see also Section 5.3) the interviewee BTW 

recognised the lack of assessment and evaluation (16) as having had a severe impact on 

the project design process. He suggested that this type of risk factor could be eliminated 

by ensuring the evaluation of the project to establish effective control and monitoring 

from the HW side. In particular, he stated, “Make the project go towards your final 

grade and then people will take it more seriously …will be willing to work harder”.  

5.4.3 Risk factors identified by the project coordinator (PC)  

Five risk factors are associated with the project coordinator’s (PC) responses (see Table 

5.10). The PC’s interest lay in students gaining the project management experience from 

designing the collaborative project rather than in achieving the project output. Thus, the 

risk management profile identified by the PC differs from those of the winning and 

losing teams. 

As previously mentioned, ‘insufficient time for project design’ (1) was ranked as the 

most significant risk factor by all interviewees, which indicated that five days were not 

constructive to the project design delivery. However, this time allocation fits very well 

with the academic calendar. 
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The PC was focused on fostering the engagement and enjoyment of the participants in 

designing the project by building well-engaged and communicative teams. 

Strengthening the project participants’ perception of cooperation and communication is 

important for project design quality. The PC explained that ‘lack of coordination and 

communication between the project parties’ (10) (lack of ‘congruence’ principle 2; 

‘participation’ principle 5 and ‘resource flows’ principle 14) were her biggest concerns, 

noting: “My biggest concern is that they do not understand how to access the problem 

or that they do not blend as a team”. In the meantime, the PC proposed the way of 

managing this risk factor by providing an interpreter or support in terms of linguistic 

semantics and translations, attempting to assist communication between the project 

participants from diverse disciplinary backgrounds. She explained, “…if a service 

engineer starts talking about natural ventilation, possibly what they mean is a 

particular method of ventilation or HVAC, and the urban designers might understand 

that very differently”.  

The PC identified other project difficulties as ‘ineffective team composition and team 

structure’ (9) (lack of ‘multidisciplinarity’ principle 13) derived from unbalanced teams 

composed mainly of civil engineering students. This created imbalanced input from 

different disciplines, leading to other critical risk factors, such as ‘insufficient skilled 

project design participants’ (13) and ‘low management competency of project design 

participants’ (11) (lack of ‘multifunctionalism’ principle 1). Imbalance of the team 

disciplines could be mitigated by making changes in the project brief (see Appendix 1). 

“I can try and write a brief which very cleverly gives more civil engineering issues than 

others but that’s extremely difficult, so I will try to work with the brief” (PC’s 

interview).  

‘Inadequate assistance from HW staff members’ (18) (lack of ‘congruence’ principle 2) 

might also have major consequences (see Table 5.12) on the project design. The PC 

explained that if the project participants experienced this, it might be very damaging to 

the team performance. “I have some colleagues who are excellent and enjoy this project 

and also some colleagues who do not have the same level of disciplinary respect 

between disciplines that we’ve spoken of. So very mixed”. The PC proposed to provide 

more training for the staff before working on the collaborative project (see Table 5.13). 

‘Lack of assessment and evaluation’ (16) is an additional major contributing risk factor 

identified by the PC. This resulted from the presence of geography students, who were 
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not incentivised to contribute, as the project was not assessed for them, whereas for 

students from other disciplines it was worth 10% of the final mark for one of their 

courses. The PC suggested that this issue might cause a lack of motivation, interest and 

enthusiasm to take the project forward.  

5.5      Summary   

This chapter’s findings confirmed the importance of the STS principles and risk factors 

in the context of the case study, i.e., a collaborative design project. The presence or 

absence of the STS principles in organisation of work of the teams involved in the 

project was a decisive factor in whether the performance of the teams was successful or 

not. The scores indicating the presence of the STS principles in the performance of the 

winning teams (mean rank = 25.85) were statistically significantly higher than those for 

the losing teams (mean rank = 15.15). This can explain the better task performance by 

the winning teams. The top eight STS principles found to be critical for the team 

performance are: ‘congruence’ (2), ‘joint optimisation’ (4), ‘participation’ (5), 

‘designing design’ (6), ‘responsibility’ (9), ‘values’ (10), ‘constraints’ (12) and 

‘variance control’ (16). 

Furthermore, the occurrence scores of the 18 risk factors affecting the collaborative 

design project were higher in the team performance of the losing teams compared to 

those of the winning teams. The three risk factors: ‘shortage of experienced team 

members’ (10), ‘lack of joint risk mechanism by team members’ (12) and ‘lack of 

situation awareness among the team members’ (13), were perceived to have the 

strongest influence on the teams’ effectiveness, based on the mean ranks of the losing 

teams. 

Additionally, the influence of missing STS principles on the performance of the 

winning and losing teams was also examined. The corresponding scores were 

significantly higher for the losing teams than the winning teams. The eight principles 

whose absence posed the highest risk factors were identified. These were the ones that 

were most likely to be absent in the performance of the losing teams. These top eight 

principles were: the absence of ‘multifunctionalism’ (1), ‘congruence’ (2), 

‘participation’ (5), ‘values’ (10), ‘boundaries’ (11), ‘constraints’ (12), 

‘multidisciplinarity’ (13) and ‘functional purposes’ (17). 
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Overall, the investigation conducted in this study through testing the presence of the  20 

synthesised STS principles from Chapter 3 in the teamwork performances of the 

‘winning’ and ‘losing’ teams revealed that this was a very useful approach, which could 

help to predict the success (or failure) of the project and provide benefits to the process 

of the project delivery. Moreover, the findings demonstrated the relevance of the STS 

principles for addressing various problems related to the project’s implementation and 

delivery of its results.  
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CHAPTER 6 – APPLYING SOCIOTECHNICAL SYSTEM 

APPROACHES FOR ASSESSING AN INFRASTRUCTURE 

PROJECT: EDINBURGH TRAM NETWORK CASE PROJECT 

(SECONDARY DATA) 

6.1 Introduction 

Chapter 6 presents a study of a real-world case to detect whether there was a lack of 

joint optimisation and, if so, how STS principles could be applied to address this. It 

applies the STS principles to the case of the Edinburgh Tram Network (ETN) project in 

Scotland in order to detect the involvement of STS principles in ETN failures. This 

chapter also defines whether STS-based methods such as AcciMap and an Abstraction 

Hierarchy (AH) can detect the STS issues in a real-world case study and investigates the 

effectiveness of these methods on complex risk identification in ETN. 

This chapter investigates a major project failure through the lens of the 20 synthesised 

STS principles from Chapter 3. The ETN project, which was initially proposed to the 

Scottish Parliament in 2004 and given Royal Assent in 2006, was scheduled to be 

completed in 2011 (Chen et al. 2019), but was finally opened in May 2014. Originally, 

the proposed tram network consisted of three ambitious phases (see Figure 6.1) (Chen et 

al., 2019) to create tram links across the city from Newhaven to Edinburgh Airport 

(Phase 1a) through the city centre, with a circular link past from Haymarket to Granton 

Square (Phase 1b) (Boateng et al. 2017). Later phases were planned to connect the 

Granton-Ocean Terminal loop (Phase 2) and to run beyond the airport to the industrial 

estate at Newbridge (Phase 3). However, the 2007 global economic downturn 

intervened to create funding issues. As a result, funding and subsequent parliamentary 

approval was only obtained for Phases 1a and 1b.  

However, even after this reduction in the project’s scale, a series of unforeseen 

problems occurred, leading to major delays in the project completion. The issues 

included: disagreements among the project stakeholders; a series of technical 

difficulties, including failures to meet specified quality standards; and exceptionally 

difficult weather conditions (Boateng et al. 2017). 
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This chapter presents an AcciMap and AH of the ETN project delivery failure to answer 

the key research questions, which involve: (1) assessing whether the synthesised 20 STS 

principles (see Chapter 3) do in fact play a role in the project failure; (2) detecting the 

presence of a lack of joint optimisation in the project and how STS principles could be 

applied to address this; and (3) define whether AH can detect the sociotechnical issues 

in the project. 

The chapter starts with the background of the ETN project followed by summarised 

details of risks encountered in the project at the construction phase. It then explains the 

reasoning behind the specific selection of AcciMap and AH methods, and applying 

them to the project. The chapter also explains and illustrates the application of the 

synthesised 20 STS principles into the AcciMap and AH.  

6.2. Historical background to the ETN project 

Like many major UK cities, Edinburgh’s transport system was based on tram services 

from the 1870s throughout the first half of the 20th century. The first services used to 

horse-drawn trams, travelling from Haymarket in the west end of the city to Bernard 

Street in Leith. These were succeeded by cable-pulled trams operated by Edinburgh and 

District Tramways, until 1920, when Edinburgh Corporation took control of the whole 

tram network. The cable-hauled trams were gradually replaced by electric trams and 

ceased operating in 1923. From this time electric trams were a key part of the city’s 

transport system. However, by 1954, changes in transport habits and increased car use 

led to the tram service being withdrawn in Musselburgh and completely phased out in 

1956 (“History of Trams in Edinburgh” (2012), available at http://www.edinburgh-

history.co.uk/edinburgh-trams.htm. At that time, it was widely believed in the UK that 

trams were not the transport of the future, although they continued to be widely used in 

cities around the world. 

6.2.1. The New ETN 

In the succeeding 40 years, attitudes gradually changed, as concerns regarding 

congestion, pollution and environmental issues came to the fore and mass transport was 

seen to be more appropriate than traveling in individual vehicles. It was accepted that a 

modern, electrically powered tram system could offer an environmentally friendly 

future, as there would be no vehicle emissions to pollute the cities, and by running on 

http://www.edinburgh-history.co.uk/edinburgh-trams.htm
http://www.edinburgh-history.co.uk/edinburgh-trams.htm
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separate tram rail routes trams would be able to carry large numbers of passengers 

without causing or being affected by traffic congestion. The UK traffic planners started 

to look towards the rapid and popular high capacity services that were seen to be 

successful in many European cities. 

It was finally decided, in January 2004, to submit a proposal to the Scottish Parliament 

to reinstate a tram network in Edinburgh, which subsequently received Royal Assent 

(Edinburgh Tram Line One and Two Act 2006). As shown in Figure 6.1, the proposed 

tramline was initially intended to consist of two lines, which would eventually provide 

an 18.5-kilometre line as a connected transport loop from Ocean Terminal to Edinburgh 

Airport. In Phase 1a of the construction, the first section of line 1 would pass from the 

airport through the city centre along Princes Street to St Andrews Square, at the East 

End, while the continuation of line 1 (to be built in Phase 1b) would extend for 5.6-

kilometres from Haymarket Station to Granton on the Firth of Forth, west of the port of 

Leith. In the final phase (Phase 3), line 2 would be constructed, which would extend the 

line westward from the airport to the industrial estate at Newbridge, on the outskirts of 

the city (Trams facts 8-CEC, 2006).  

Although, the tram bills were passed by the Scottish parliament in March 2006 

(Edinburgh Tram Line One and Two Act 2006), it was decided that it was too expensive 

to fund the construction of the entire network and thus parliamentary permission was 

given for only 18.5 km of line in Phase 1a and 5.5 km of line in Phase 1b. In 2007, the 

City of Edinburgh Council (CEC) passed the Final Business Case for the tram network 

(The Scotsman: 22 December 2007, retrieved 12 January 2021). During April/May 

2008 contracts to build the network were concluded (The Scotsman: 25 October 2007, 

retrieved 12 January 2021) with the expectation that the construction would be 

completed in 2011 and that the estimated completion cost would be £545 million. CEC 

had previously, in 2002, set up a private limited company, Transport Initiatives 

Edinburgh (TIE), with the remit to deliver an integrated transport system for the city, as 

a wholly owned subsidiary of the CEC (Chen et al. 2019).  
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Figure 6.1. Proposed route of the Edinburgh Trams (The City of Edinburgh Council, 

2013).  

6.2.2. The ETN project delivery failure 

Over time, for a number of causes, changes were made to the intended delivery schedule 

of the original route shown in Figure 6.1. By April 2009, the effects of the economic 

downturn following the financial crisis that unfolded during 2007-2008 were beginning 

to be felt. This led to the postponement of Phase 1b, consisting of the line which would 

form a loop between Roseburn and Granton Square (Johnson, 2008 and BBC News: 24 

April 2009, retrieved 12 January 2021). Further changes to the route were made as a 

result of ongoing contractual disputes between TIE and the major construction 

contractors BBS (Bilfinger Berger, Siemens) together with a series of delays, cost 

overruns and funding problems. By September 2011, the City Council took the decision 

to drastically limit the first phase of the tram route, so that it covered only the East-West 

radial route from Edinburgh Airport to York Place, near the East End of Princes Street 

and abandoned the originally proposed route that would continue northwards to Leith. 

At this point the council took direct control of the project. 

Table 6.1 presents a summary of the basic information regarding the project at the time 

of its inception. It was intended that once it was completed, the project would support 

the city’s growing local economy and create a safer and sustainable environment (Audit 

Scotland, 2007).  

https://en.wikipedia.org/wiki/Bilfinger_Berger
https://en.wikipedia.org/wiki/Siemens
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Table 6.1. Basic information about the ETN project at the time of its inception  

 

Source: ETN, the city of Edinburgh Council report no. CEC/41/11-12/CE 
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Table 6.1. Basic information about the ETN project at the time of its inception 

(continued) 

 Source: ETN, the city of Edinburgh Council report no. CEC/41/11-12/CE 
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6.2.3. The Construction and Civil Engineering works of ETN  

As explained above, a specially-formed company, Transport Initiatives Edinburgh 

(TIE), owned by the CEC, was initially given charge of the project, managing the 

construction work for the proposed Edinburgh tram routes and associated infrastructure 

(Henderson, 2009). This included laying the tracks and building 12 new bridges, a tram 

depot with an access tunnel (Railway-technology, 2013), a control centre, as well as the 

electrical infrastructure required to provide power to the overhead lines.  

The first stage of the work required the existing utilities along the route, including 

electric cables and gas and water pipes, to be diverted. Work started in the summer of 

2007, under the Multi-Utilities Framework Agreement (MUDFA) to prepare for the 

initial phase of track-laying in Leith Walk (BBC News, 9 July 2007). In the following 

year, in May 2008, the final contracts to build the tram system were awarded to a 

consortium of Bilfinger Berger and Siemens (BB&S) and Spanish tram builder 

Construcciones y Auxiliar de Ferrocarriles (CAF) (Rowson, 2008). 

Additional complications in this project included the need to demolish some Category 

C(S) buildings around Haymarket station in order to accommodate a tram-rail network 

interchange at the station. There was also an attempt to preserve the style of the historic 

streets by laying a special foundation which would form a base for cobbled road 

surfacing on some sections of the track which ran along the Georgian New Town 

streets. However, this cobbled surface received strong opposition from cyclists, and 

much of it had to be subsequently removed (CEC: Prior Approval 12/00915/PA at York 

Place).  

Following a series of problems and delays and considerable public and political 

criticism of its performance, TIE was eventually released from managing the ETN 

project in late 2011. CEC then set up a new governance structure under the supervision 

of a project management consultant, Turner & Townsend (Chen et al., 2019). During 

2012 the work continued on schedule without interruption, under the new management 

(RailStaff, 21 June 2013). 

However, there was a major setback in May 2013, with the discovery that a significant 

section of the concrete track bed (over 150 metres) between Shandwick Place and 

Haymarket would have to be replaced, as it had not been laid according to the required 

specifications (see Figure 6.2). BB & S subsequently admitted responsibility for this 
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oversight and began to undertake the necessary remedial work. Despite the initial 

assurances by CEC that this would not lead to further delays (The Scotsman, 31 May 

2013), this led to a further period of disrupted access to the city centre via Shandwick 

Place and Haymarket, extending the original deadline for the end of the track works 

(The Scotsman, 9 August 2013). Nevertheless, the “last major step” in the construction 

process took place in June 2013, with the installation of the overhead electric cables in 

the central portion of the route (RailStaff, 21 June 2013).  

  

Figure 6.2. Re-laying of concrete bed for tram track between Shandwick Place and Haymarket 
(Source: Edinburgh News, 9 August 2013).  

6.2.4. Contractual Disputes 

A further cause of the excessive delays that occurred in the project up to February 2011, 

was a series of contractual disputes together with the need for further works to divert 

utilities, which were not part of the original plan.  

According to Audit Scotland, by the end of December 2010, BB&S had submitted 816 

notices to claim, 139 of which were subsequently withdrawn, and others were settled 

according to contractual dispute resolution procedures. This was followed by further 

cost estimates for the remaining work, amounting to £44.0 million (Audit Scotland, 

2007). Although only 54 per cent of this cost (£23.8) was paid by TIE after settlement, 
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these claims and the time and cost for resolution added to the sense of a troubled and 

unsatisfactory project, as will be further discussed in the next section.    

6.2.5. Identified risks in the ETN project  

Based on the relevant body of literature, Boateng et al. (2015) identified a list of risk 

factors in the ETN project. The main overarching risks were related to social, economic, 

environmental, technical, and political issues encountered at the construction stage of 

the project (Chen et al., 2019) and are discussed below.  

Social and economic issues 

Edinburgh is a historic city and international tourist destination. This status, together 

with the unusually high proportion of residential properties in the heart of the city, 

meant that such extensive construction works inevitably caused major disruption to both 

businesses and residents. Thus, prior to the work beginning the contractors and the city 

council ensured that local stakeholders were involved in extensive consultations, via a 

programme of public consultations between May 2003 and July 2003 as part of the 

Environmental Impact Assessment (EIA), as further described below. The stakeholders 

involved included representatives from a range of community groups, as well as 

business and the tourism industry.  

However, despite these efforts to prepare and consult the public the overall impacts on 

the social and economic environment were huge and controversial. A particular point of 

grievance was that the continual delays in the construction work led to very long-term 

road closures through the centre of the city, in particular Princes Street and the radial 

roads that converge on it. Business owners were angered by the loss of income as the 

access routes to their properties were closed for months (BBC News, 29 April 2008) 

and local residents also expressed their anger over the disruption to their daily lives 

caused by these delays (BBC News, 29 April 2008). There was further criticism of CEC 

and the developer when another delay in the construction works in 2009 led to closures 

and city-wide disruption during the peak tourist season, which is the lifeblood of the 

city’s economy - the weeks of the Edinburgh Festival and Fringe (McIntosh, 2009). 

Another delay resulted from unexpectedly low temperatures in January 2010, followed 

by weeks of snow and sub-zero temperatures, which led to the complete suspension of 
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the construction, as the ground was frozen for several successive weeks (Edinburgh 

Evening News, 9 January 2010). 

Environmental Issues 

As required by Scottish law, which requires all projects approved by private Act of 

Parliament to undergo Environmental Impact Assessment (EIA) (Environmental Impact 

Assessment (Scotland) Regulations, 1999), a full Environmental Statement (ES) 

concerning the impact of ETN Line One was published in December 2003. The large 

geographical scale of the proposed work for Line One of the ETN meant it was 

considered, under EIA (Scotland) Regulations 1999, that it would be likely to have 

significant environmental effects. Thus a leading environmental consultancy firm, 

Environmental Resource Management (ERM), was contracted to carry out a detailed 

assessment of the proposed project and the works involved. 

Although there was a series of detailed consultations and efforts to create public and 

institutional awareness of environmental impacts, it was the physical environment that 

contributed to delays and cost overruns and quality-related problems, due to the extreme 

weather conditions in the winter of 2009-2010. The damage caused by this exceptional 

climate event was first discovered in 2011 and further damage was found in 2013, 

necessitating track repair works along both Princes Street and Haymarket. This 

illustrates that some of the significant delays in the project were largely related to 

environmental problems over which neither the contractors nor project owners had any 

control (Boateng et al., 2015). 

Technical Issues 

Three main technical issues arising from the ETN works caused additional concerns to 

local residents. The first problem was related to safety issues for cyclists. Groups 

representing local cyclists reported that cyclists were suffering accidents, due to their 

bicycle wheels becoming trapped in the tram tracks. This was exacerbated by crumbling 

road surfaces around the tracks. To address this, emergency road repairs were 

undertaken by TIE, and special training funded by Edinburgh Trams was offered to 

local cyclists (BBC News, 7 December 2009). A second technical issue, raised in 2010, 

was whether it was safe to suspend overhead electric cables from residential buildings. 

Residents were concerned about the safety of this practice while some property owners 
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simply refused to give the permission for the contractors to attach the cables to their 

properties (Marshall, 4 March 2010). 

The third technical issue led to a chain of problems. The continual crumbling of the 

tarmac around the tram lines meant it was necessary to undertake major repairs to 

redress this. This led to another, 10-month long, complete closure of Princes Street 

starting in September 2011 (The Scotsman News, 09 March 2011; BBC News, 17 

September 2011). During this period. heavy city centre traffic was diverted through 

residential streets, leading local residents to file a complaint with the United Nations 

Economic Commission for Europe (UNECE) Aarhus Convention Compliance 

Committee in December 2011. The substance of the complaint was that the increased 

pollution and noise during the lengthy period of the tram works had led to 

environmental and social (through their impact on health) risks to the residents of these 

neighbourhoods. The Council insisted that there was continual monitoring and “no 

sites’ data breached EU limits” (BBC News, 13 December 2011). 

Political Issues 

Despite public opinion during the early consultation stages being supportive for the 

project, the long-term road works and road closures and restricted access to the city 

centre led to contention between politicians and groups of Edinburgh residents (The 

City of Edinburgh Council, 2013). 

Moreover, the coalition that ruled the council at that time was split on this issue, right 

from the beginning, with councillors from the Scottish National Party (SNP) being 

opposed to the project, while their Liberal Democrats partners, together with 

representatives of the Labour, Conservative and Green Parties were generally in favour 

of the scheme, leading to increasing conflict (Lowe, 2010).  

As the disruption increased, public opinion became increasingly negative towards the 

new tram project, exacerbated by reports in the local press and comments by politicians 

from different parties (The City of Edinburgh Council, 2013). 

Table 6.2. Identified risks in ETN project (adapted from Boateng et al., 2015).        

№ 
 

Risks 
  
1 Global economic recession 
2 Political indecision   
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№ 
 

Risks 
3 Change in government funding policy  
4 Taxation changes   
5 Foreign exchange rate   
6 Wage inflation  
7 Legislative/regulatory changes 
8 Changes in project governing body  
9 Multi-level decision making bodies  
10 Legal Actions  
11 Delay in obtaining temporary Traffic Regulation Orders (TROs)  
12 Local inflation change   
13 Ambiguity in project’s scope   
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Stakeholder pressures  
Disputes  
Failure to meet specified standards  
Project technical difficulties  
Engineering and design change  
Technical difficulties in utilities diversions/ground condition problems  
Inaccurate project cost estimate  
Unforeseen modification to project  
Supply chain breakdown  
Social grievances  
Social issues 
Project time overruns 
Project cost overruns  
Adverse environmental impacts due to construction work  
Unfavourable climate conditions for construction work  
Changes in material price  
Energy price changes 

 

The historical summary of the problems in the planning and construction of the ETN 

project provided in this section has highlighted how the delays, cost overruns and public 

dissatisfaction during the work could be attributed to certain social, economic, 

environmental, technical, and political risks which were inherent in the project 

environment (Boateng et al., 2015). These risks can be directly related to the absence or 

presence of the 20 STS principles identified in Chapter 3 and this relationship will be 

explored in more detail in the next section.   

6.3. Aligning the 20 STS principles with the risks identified in the ETN project 

In the first stage of discovering whether the 20 synthesised STS principles are relevant 

to the risks identified in the ETN project and the extent to which they could contribute 

to the delays and problems during the project’s delivery, a mapping exercise was 

performed. In this exercise, the risks identified by Boateng et al. (2015) were mapped 

onto the 20 STS principles (see Table 6.3). 

Table 6.3 Alignment of STS principles and the risks identified in the ETN  
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№ Lack of the 
20 STS 
principles 
(see 
Chapter 3) 

          Risks identified from the ETN project                       
(adopted from Boateng et al., 2015) 

1 
 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 
 
 
 
 
 
 
4 
 
 
 
 
 
 
 
 
5 
 
 
 
6 
 
 
7 
 
 
 
 
 
8 
 
 
9 
 
 
 
10 
 

Multifunctionalism 
 
Congruence 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flexible specification 
 
 
 
 
 
Joint optimisation  
 
 
 
 
 
 
 
 
Participation  
 
 
 
Designing design 
 
 
Experimentation 
 
 
 
 
 
Flux 
 
 
Responsibility 
 
 
 
Values 
 
 

- 
 
2. Political indecision                                      
3. Change in government funding 
policy                                                             
4. Taxation changes                                         
6. Wage inflation                                               
7. Legislative/regulatory changes                     
12. Local inflation change                              
13. Ambiguity in project's scope                      
18. Engineering and design change                
20. Inaccurate project cost estimate            
21. Unforeseen modification to project        
29. Changes in material price                      
30. Energy price changes 
 
 
13.Ambiguity in project's scope  
17. Project technical difficulties                   
18. Engineering and design change                  
21. Unforeseen modification to project 
 
 
 
15. Disputes                                                                                                                         
16. Failure to meet specified standards                                                          
19. Technical difficulties in utilities 
diversions/ground condition problems                       
20. Inaccurate project cost estimate                                                                  
22. Supply chain breakdown                                                      
Legal Actions                                                            
24. Social issues 
 
15. Disputes                                                                                                                         
23. Social issues           
 
 
13. Ambiguity in project's scope                            
21. Unforeseen modification to project 
 
17. Project technical difficulties               
18. Engineering and design change          
19. Technical difficulties in utilities 
diversions/ground condition problems      
21. Unforeseen modification to project 
 
13. Ambiguity in project's scope 
20.Inaccurate project cost estimate 
 
7. Legislative/regulatory changes                 
8. Changes in project governing body        
9. Multi-level decision making bodies 
 
6. Wage inflation                                             
7.Legislative/regulatory changes                   
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№ Lack of the 
20 STS 
principles 
(see 
Chapter 3) 

          Risks identified from the ETN project                       
(adopted from Boateng et al., 2015) 

 
 
 
 
 
 
11 
 
12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13 
 
14 
 
15 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
Boundaries 
 
Constraints  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Multidisciplinarity 
  
Resource flows 
 
Uniqueness  
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Changes in project governing bodies                                                                           
10. Legal Actions                                           
15. Disputes                                                      
23. Social grievances                                     
24. Social issues     
 
22. Supply chain breakdown 
 
1. Global economic recession                       
2.Political indecision                                      
3.Change in government funding 
policy                                                                
4.Taxation changes                                            
5.Foreign exchange rate                                     
6.Wage inflation                                                 
7.Legilative/regulatory changes                    
8. Changes in project governing body                                                                                         
9. Multi-level decision-making bodies                                                                             
10.Legal Actions                                                
11. Delay in obtaining temporary 
Traffic Regulation Orders (TROs)                          
12. Local inflation change                                   
13. Ambiguity in project's scope                              
14.Stakeholder pressures                                
17.Project technical difficulties                                 
19. Technical difficulties in utilities 
diversions/ground condition problems                                                                  
22. Supply chain breakdown                                  
23.Social grievances                                        
24.Social issues                                                 
27.Adverse environmental impacts due 
to construction work.                                           
28. Unfavourable climate conditions 
for construction work                                           
29. Changes in material price                        
30 Energy price changes   
 
 
 9 Multi-level decision making bodies  
 
 22. Supply chain breakdown     
 
2. Political indecision                                                    
3.Change in government funding 
policy                                                                             
8.Changes in project governing body                                                                                  
10. Delay in obtaining temporary 
Traffic Regulation Orders (TROs)                       
11. Delay in obtaining temporary 
Traffic Regulation Orders (TROs) 
13.Ambiguity in project’s scope                     
14. Stakeholder pressures                                 
15.Disputes                                                                    
17.Project technical difficulties                  
18.Engineering and design change                  
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№ Lack of the 
20 STS 
principles 
(see 
Chapter 3) 

          Risks identified from the ETN project                       
(adopted from Boateng et al., 2015) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
17 
 
 
 
 
18 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variance control 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Functional purposes 
 
 
 
Job characteristics 
 
 
 
 
 
 
 
 
Simplicity and scale  

19.Technical difficulties in utilities 
diversions/ground condition problems                                                                              
20. Inaccurate project cost estimate                                                                       
22.Supply chain breakdown                         
23.Social grievances                                          
24.Social issues                                                           
25.Project time overruns                                                 
26.Project cost overruns                                          
27. Adverse environmental impacts due 
to construction work                                                                                                      
28. Unfavourable climate conditions 
for construction work                                             
29. Changes in material price                             
30. Energy price changes   
 
1.Global economic recession  
2. Political indecision                                             
3. Change in government funding 
policy                                                      
4.  Taxation changes                                               
6. Wage inflation                                                     
7. Legislative/regulatory changes              
8. Changes in project governing body                                                                                  
10. Legal Actions                                                  
11. Delay in obtaining temporary 
Traffic Regulation Orders (TROs)                      
12. Local inflation change                       
13. Ambiguity in project’s scope           
14. Stakeholder pressures                               
15. Disputes                                                         
16.  Failure to meet specified standards                                                                      
17. Project technical difficulties                    
18. Engineering and design change            
19. Technical difficulties in utilities 
diversions/ground condition problems                                                                    
20. Inaccurate project cost estimate                                                                       
22. Supply chain breakdown                                        
23. Social grievances                                               
24. Social issues                                                            
25. Project time overruns                                      
26. Project cost overruns     
 
13. Ambiguity in project’s scope                   
18. Engineering and design change             
21. Unforeseen modification to project  
 
 
15. Disputes                                                             
19. Technical difficulties in utilities 
diversions/ground condition problems                                                                  
22. Supply chain breakdown                         
23. Social grievances                                             
24. Social issues                                                      
28. Unfavourable climate conditions 
for construction work    
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№ Lack of the 
20 STS 
principles 
(see 
Chapter 3) 

          Risks identified from the ETN project                       
(adopted from Boateng et al., 2015) 

 
19 
 
 
 
 
 
 
 
 
 
 
 
20 

 
 
 
 
 
 
 
 
 
 
Self-regulation  

 
9. Multi-level decision-making bodies                                                                              
13. Ambiguity in project’s scope                
14. Stakeholder pressures                                    
15. Disputes                                                                  
17. Project technical difficulties                            
18. Engineering and design change                
19. Technical difficulties in utilities 
diversions/ground condition problems                                                                      
24. Social issues                                                        
28. Unfavourable climate conditions 
for construction work      
 
8. Changes in project governing body                                                                                           
9. Multi-level decision making bodies                                                                                                                                   

  
    
Table 6.3 shows that it is possible to align risks identified in the ETN project by 

Boateng et al. (2015) with the 20 STS principles from Chapter 3. It supports the initial 

premise of the research questions regarding the extent to which the failure to deliver the 

ETN project on time and within budget can be interpreted based on the concepts of STS 

theory. The latter is associated with complexity, where a variety of complex risks and/or 

problems are interdependent and connected with each other (Righi et al. 2015), and that 

it is exactly what occurred in the ETN project. 

The output from Table 6.3 will be used to construct the AcciMap for the ETN project 

delivery failure. The following sections will explain the main features of the AcciMap. 

6.4. Applying the AcciMap and Abstraction Hierarchy to the ETN project 

Based on the data available on the ETN project, an AcciMap and Abstraction Hierarchy 

(AH) of the project will be presented. The following sections aim to address the key 

research questions: (1) assessing whether the 20 STS principles from Chapter 3 do in 

fact play a role in the project failure, (2) detecting the presence of a lack of joint 

optimisation in the project and how the STS principles could be applied to address this, 

and (3) defining whether the AH can detect the STS issues in the project.  

6.4.1 AcciMap: background and applications 

The AcciMap is a graphical tool for investigating the different levels of causality that 

underlie the occurrence of accidents or failures in a system, based on Rasmussen’s 
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(1997) model of risk management. An accident itself and its scenario are described in 

the two upper layers, levels 5 and 6, and below these are the first four layers, levels 2-4. 

These levels comprise the different decision-makers whose work remits may have 

entailed some involvement in the scenario surrounding the accident or failure and their 

decisions, together with the areas of analysis usually included in the six levels of 

complex sociotechnical systems: national government, legislation and budgeting; 

regulatory bodies and associations; local area government planning and budgeting 

(including company management); technical and operational management; physical 

processes and actor activities; and finally,  equipment and surroundings (Rasmussen, 

1997). By focussing on the causal chains and relationships stretching down through 

these levels, AcciMap analysis provides a tool to analyse the system vertically, thus 

looking for systemic causes rather than just the immediate causes within a single level. 

In this way, it allows the user to focus on making systematic improvements rather than 

apportioning individual blame. This approach has been used in numerous domains, 

including aviation, traffic and rail accidents. Further advantages of this tool are its ease 

of use and sound theoretical underpinning. However, it does have some drawbacks, e.g., 

it is a purely retrospective method and the quality of its analysis depends on the quality 

of the input, in the forms of the reports available on the failure or accident. The output 

of the analysis can be time-consuming to process and does not provide a way of 

classifying errors through some kind of structured taxonomy (Rasmussen, 1997).   

Procedure (adapted from Stanton et al., 2013).  

Step 1: Data Collection: This is based on a review of the relevant secondary data, 

including published articles, media reports, and official reports regarding the progress of 

the ETN project, as reported above.  

Step 2: Construct an Actor Map 

An actor map is then constructed by identifying all the actors involved in the scenario 

(see Table 6.4, adapted from Boateng et al. (2017)).  

Table 6.4 Actor map containing all actors relevant to the ETN project (adapted from 

Boateng et al., 2017) 
Internal stakeholders 

Supply – Side 

Client City of Edinburgh Council (CEC) 
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Internal stakeholders 
Supply – Side 

Financiers Transport Scotland (TS) and City of Edinburgh Council (CEC) 

Sponsors  Transport Initiatives Edinburgh (Tie) and Transport Edinburgh Limited (TEL) 
Client’s Customers UK Tram, Edinburgh Trams 
Client’s Owners Transport Initiatives Edinburgh (Tie), Transport Edinburgh Limited (TEL), 

Lothian Buses (LB) 
Other supply-side 
categories:  
 
 

Tram Project Board (TPB) – A formal sub-committee to TEL. Delegates 
authority to monitor the delivery of the trams project 
Council Audit Committee (PAC) – Project Audit 
MPs/Ministers – Parliamentary & political parties representatives 

Demand Side  
Principal Contractor 
 

Bilfinger Berger Siemens (BB & S) – Responsible for infrastructure 
construction (INFRACO) 

First Tier Contractors CAF – Responsible for tram vehicle construction (TRAMCO) 
Carillion – Responsible for utilities diversion work 
Parsons Brinkerhoff/Halcrow – SDS provider to facilitate the early 
identification of utility diversion works, land purchase requirements, traffic 
regulation requirements, and the completion of design drawings.  

Second Tier Consultants Faithful & Gould - Construction cost management consultants responsible 
for risk management procedures.  
HG Consulting – Independent Certifier with a duty of care to CEC 
Steer Davies Gleave (SDG) – Assessed economic costs and benefits of the 
Trams project in December 2007. 

Other internal supply-
side categories (please 
specify) 

Financial, Commercial and Legal Committee (FCL)  
 

External stakeholders 
Public 

Regulatory Agencies 
 

SEPA, Scottish Water, Parliament, Road & aviation authority, Network rail, 
Historic Scotland, Building Standards 

Local Government City of Edinburgh Council (CEC) 
National Government Scottish Government 
Other internal supply-
side categories 

CEC councillors & officials 
 

Private 
Local residents Edinburgh residents (Randolph Crescent, Queen Street, Moray Feu, 

Blenheim, Shandwick, Picardy, Leith Walk, Forth Ports etc.) 
Environmentalists SEPA; Friends of the Earth Scotland; Sustainable Scotland Network; Lothian 

& Edinburgh Environmental Partnership; Scottish Environment Link; Scottish 
Natural Heritage (SNH). Scottish Executive’s Countryside and Natural 
Heritage Unit (CANHU). 

Archaeologists Headland Archaeology (UK) Limited; City Council Archaeologists – 
Edinburgh, Glasgow University Archaeological Research Division (GUARD) 

Other external Private 
stakeholders 

B.A.A Edinburgh Airport; Henderson Global Investors (St. James Centre); 
Forth Ports; Edinburgh Business Forum; Essential Edinburgh; Federation of 
small business – Scotland; Edinburgh Chamber of Commerce; and 
representatives of local communities impacted by the Trams.  

 

Step 3: Identify Physical Process/ Actor Activities Failures 
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Having identified the key risks of the ETN project (see Table 6.2) and actors concerned 

(Table 6.4), the errors involved in the ETN implementation are identified as well as the 

links between them. This step aims to identify the errors which occurred at the levels of 

both the physical process and the actions and decisions of actors.  

Step 4: Identify Causal Factors 

In this stage, the causal factors for each of the physical and actor failures identified in 

the previous step are pinpointed one by one to identify failures occurring at the 

remaining five levels of the AcciMap: government policy and budgeting; regulatory 

bodies and associations; local area government planning and budgeting; physical 

processes and actor activities; and equipment and surroundings.  

Step 5: Identify Failures at other Levels 

This step consists of reviewing the six systemic levels and checking that every relevant 

failure has been identified.  

Step 6: Finalise and Review AcciMap Diagram 

The entire AcciMap is reviewed in several iterations, to establish that every possible 

link between causal factors has been identified.  

6.4.2 The AcciMap for the ETN project 

In this section the AcciMap is used to classify the main risk factors identified by 

Boateng et al. (2015), which led to the delays, cost overrun and quality issues that 

plagued the ETN project (see Table 6.2). These risks are then mapped onto the STS 

principles found at each of the six of the AcciMap levels (see Figure 6.3).  

The lowest level of Figure 6.3 represents the causal factors that relate to the equipment 

and environment and include the impacts of the severe weather experienced during the 

construction as well as fluctuations in material and energy price and problems arising 

from the environmental impacts of the construction work itself. 

The next level represents the physical processes involved in the work and also the 

activities of the actors, which included the social grievances resulting from the 

disruption to transport and resulting environmental pollution compounded by the 

discontent at the cost and time overruns that arose. Above these, at technical and 
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operational management level, various causal factors are identified, including inaccurate 

project cost estimates, technical difficulties associated with diverting the utilities 

infrastructure, as well as design changes in engineering and design, leadings to 

unforeseen modifications and also failure to meet specified standards. Problems at this 

level also include the supply chain breakdown.  

Level three represents the failures at the level of both local government and company 

management, and at the planning and budgeting level that contributed to the failure to 

deliver the project within time and on budget. Other contributory factors were the 

frequent disputes that occurred, together with stakeholder pressures and a lack of clarity 

in the scope of the project and even local inflation change. 

At the next level, which represents the actions of the regulatory bodies and associations, 

the removal of the original governing body that had been set up to oversee the project, 

together with the presence of multi-level decision-making bodies, led to unsatisfactory 

and inconsistent project governance. Delays were also caused by legal actions, changes 

in the legislative/regulatory framework and, at the practical level, issuing the required 

temporary Traffic Regulation Orders (TROs). 

Finally, against the background of the global economic recession occurring at that time, 

together with changes in the foreign exchange rate and wage inflation, factors at the 

national government level also played a part in the failure to deliver the project within 

budget and time constraints. These factors include political indecision, and changes in 

the government funding policy and taxation rates.   
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Global  
economic 
recess ion 

[P12,16] 

Pol i tica l  indecis ion 
[P2,12,15,16] 

Change in 
government 

funding pol icy 
[P3,12,15,16] 

Taxation changes  
[P2,12, 16] 

Foreign 
exchange rate   

[P12]

Wage 
inflation 

[P2,10,12,16
] 
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changes   

[P2,9,10,12,16]
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governing body 

[P9,10,12,15,16,20]
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decis ion making 

bodies  
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[P4,7,12,15,16,18, 
19]

Inaccurate 
project cost 

estimate  
[P2,4,8,15,16]

Unforeseen 
modi ficatio
n to project 
[P2,3,6,7,17] 

Supply 
cha in 

breakdown 
[P4,11,12, 

14,15,16,18]

Socia l  
grievances  

[P5,10,12,15,16,
18] 

Socia l  Is sues  
[P4,10,12,15,16,18,19]

Project time 
overruns                
[P15,16]

Project cost 
overruns   [P15,16]

Adverse 
envi ronmenta l  

impacts  due 
to 

construction 
work  [P12,15]

Unfavorable cl imate 
conditions  for 

construction work 
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management 

5. Phys ica l  
processes  & Actor 

activi ties  

Figure 6.3 AcciMap showing all ETN risks, STS principles (numbered in each box) and their relationships 
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The STS principles’ classification scheme across the six AcciMap levels is presented in 

Table 6.5.  

Table 6.5 Classification scheme for the STS principles shown in the AcciMap   
№      STS principles    

 
                                      

№ 
STS principles  

1 
2 
3 
10 
12 
15 
16 
 
2 
2 
9 
10         
12 
13 
15 
16 
19 
20 
 
3 
 
 
2 
3 
4 
5 
6 
8 
10 
12 
15 
16 
17 
18 
19 
 

 National Government: Legislation &Budgeting  
Congruence  
Flexible specification  
Values 
Constraints 
Uniqueness 
Variance control  
 
Regulatory bodies and Associations  
Congruence 
Responsibility 
Values 
Constraints 
Multidisciplinarity  
Uniqueness 
Variance control 
Simplicity and scale 
Self-regulation  
 
Local area Government Planning & Budgeting.  
Company Management. 
 
Congruence 
Flexible specification  
Joint optimisation  
Participation  
Designing design 
Flux 
Values 
Constraints 
Uniqueness 
Variance control 
Functional purposes 
Job characteristics 
Simplicity and scale 

4 Technical & operational management  
2 Congruence 
3 Flexible specification  
4 Joint optimisation  
6 Designing design 
7 Experimentation  
8 Flux 
11 Boundaries 
12 Constraints  
14 Resource flows 
15 Uniqueness 
16 Variance control  
17 Functional purposes  
18 Job characteristics  
19 Simplicity and scale  
 
5 Physical processes & Actor activities  
4 Joint optimisation 
5 Participation  
10 Values 
12 Constraints 
15 Uniqueness 
16 Variance control 
18 Job characteristics 
19 Simplicity and scale  
 
6 Equipment & surroundings  
2 Congruence 
12 Constraints 
15 Uniqueness 
18 Job characteristics  
19 Simplicity and scale  
 
 

    
 
 

   

6.4.3. The absence or lack of the 20 STS principles associated with the ETN project 

delivery failure  

A number of the STS principles were found to be missing or absent at all six AcciMap 

levels. The number and percentage of the missing STS principles identified at each level 

is presented in Table 6.6.  

The highest frequency of the lack of application of the STS principles was at the 

Technical and Operational Management Level with 28.79% (38) instances of absence of 

the principles. The second highest was the area of Local Area Government and 
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Company Management, together with Planning and Budgeting, with a frequency of 

18.18% (24), while further 17.42% (23) were related to the Regulatory Bodies and 

Associations level.                                                               

 

Table 6.6 Frequency and proportion of the STS principles absent across the AcciMap 

levels  
Levels                  Frequency Overall proportion 

(%)                                            
1. National Government: Legislation &Budgeting                    18 
 
2. Regulatory Bodies and Associations                                       23 
 
3. Local Area Government. Company Management.                  24                                                              
    Planning & Budgeting 
 
4. Technical & Operational Management                                    38 
 
5. Physical Processes & Actor Activities                                     17                       
  
6. Equipment & Surroundings                                                     12 
 

                             13.64 
 

                               17.42 
 

                               18.18 
 
 

                                28.79 
  

                                12.88 
 

                                 9.09 

   
 
 

  

The next most frequently found instances of absence of the STS principles were found 

at the National Government, Legislation and Budgeting level, (13.64%, 18), followed by the 

Physical Processes and Actor Activities level (12.88%, 17). Just over 9% of instances of 

absence of STS principles were found at the Equipment and Surroundings level. 

The frequency and proportion of absence or lack of application of the STS principles 

overall and within each AcciMap level are presented in Figure 6.4. For each STS 

principle the three figures given include the number of times it was observed to be 

absent, the percentage proportion of absence or lack of each STS principle within the 

specific AcciMap level, and the percentage of all STS principles that it represents, 

respectively.   

The most frequently identified absent STS principle across the overall AcciMap was 

principle 12 ‘constraints’ (6, 4.55%) at the Government Legislation and Budgeting 

level. The next most frequently identified missing STS principle was principle 16 

‘variance control’ (6, 4.55%) at the Technical and Operational Management level.  

In terms of each level of the AcciMap, the principles most commonly identified as 

absent or missing at the highest level, Government Legislation and Budgeting, were 

principle 12 ‘constraints’ (6, 33.33%) and principle 16 ‘variance control’ (5, 27.78%). 

At the level of Regulatory Bodies and Associations, the most commonly identified 
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missing STS principles were again principle 12 ‘constraints’ (5, 21.74%) and principle 

16 ‘variance control’ (4, 17.39%). At the third level, Local Area Government Planning 

and Budgeting and Company Management, principle 16 ‘variance control’ (4, 16.67%) 

was the most commonly lacking principle. At the Technical and Operational 

Management level, the two most commonly identified absent STS principles include 

principle 16 ‘variance control’ (6, 15.79%) and principle 15 ‘uniqueness’ (5, 13.16%). 

At the Physical Processes and Actor Activities level principle 15 ‘uniqueness’ and 

principle 16 ‘variance control’ (4, 23.53%), were the most commonly identified absent 

STS principles, while principle 12 ‘constraints’ and principle 15 ‘uniqueness’ (4, 

33.33%) were identified at the Equipment and Surroundings level. 
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P12 Constra ints   
[6, 33.33%, 4.55%]

P16 Variance control  
[5, 27.78%, 3.79%] 

P2 Congruence [3, 
16.67%, 2.27%] 

P15 Uniqueness  [2, 
11.11%, 1.52%] 

P3 Flexible 
speci fication, 
P10 Values  [1, 
5.56%, 0.76%] 

P12 Constra ints   
[5, 21.74%, 3.79%]

P16 Variance control  
[4, 17.39%, 3.03%]

P9 Respons ibi l i ty, 
P10 Values , P15 
Uniqueness  [3, 
13.04%, 2.27%]

P20 Sel f-regulation [2, 
8.70%, 1.52%]

P2 Congruence, 
P13 

Multidiscipl inari
ty, P19 Simpl ici ty 

and Sca le  [1, 
4.35%, 0.76%]

P16 Variance 
control  [4, 16.67%, 

3.03%]

P12 Constraints, P15 
Uniqueness, P19 

Simpl ici ty and Sca le 
[3, 12.5%, 2.27%]  

P2 Congruence, 
P17 Functional  

purposes  [2, 
8.33%, 1.52%]

 P3 Flexible speci fication, 
P4 Joint optimisation, P5 

Participation, P6 
Des igning des ign, P8 

Flux, P10 Values , P18 Job 
characteris tics  [1, 4.17%, 

0.76%] 

P16 Variance 
control  [6, 15.79%, 

4.55%] 

P15 Uniqueness  [5, 
13.16%, 3.79%] 

P4 Joint 
optimisation, P7 
Experimentation    
[4, 10.53%, 3.03%] 

P2 Congruence, P3 
Flexible speci fication, 

P12 Constraints, P19 
Simpl ici ty and Sca le [3, 

7.89%, 2.27%]

 P18 Job 
characteris tics  

[2, 5.26%, 1.52%]

 P6 Des igning 
des ign, P8 Flux, 
P11 Boundaries , 

P14 Resource 
flows , P17 
Functional  

purposes  [1, 
2.63%, 0.76%] 

P15 Uniqueness , 
P16 Variance 

control  [4, 23.53%, 
3.03%] 

  P10 Values , P12 
Constraints, P18 Job 
characteris tics  [2, 

11.76%, 1.52%]

P4 Joint 
optimisation, P5 

Participation, P19 
Simpl ici ty and 

Sca le    [1, 5.88%, 
0.76%)]

P12 Constra ints , 
P15 Uniqueness  

[4, 33.33%, 3.03%]

P2 Congruence [2, 
16.67%, 1.52%]

 P18 Job 
characteris tics , 

P19 Simpl ici ty and 
Sca le  [1, 8.33%, 

0.76%]

6. Equipment & 
surroundings 

1. National 
Government: 
Legislation & 

Budgeting 

2. Regulatory bodies 
and Associations 

3. Local area 
Government Planning 

& Budgeting. Company 
Management.   

4. Technical & 
operational 

management 

5. Physical processes 
& Actor activities 
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Top STS 
principles  that 

were most l ikely 
to be absent 
within level      

  

STS principles   
Total number, % 
within level, % 

overall 

 
Figure 6.4 Frequency and proportion of the STS principles across the different AcciMap 

levels (from left to right in order of frequency). Darker shading denotes the STS 

principles most likely to be absent at each level. 

6.4.4 The criticality of missing STS principles in the ETN project delivery failure 

Table 6.7 shows the STS principles ranked in descending order in terms of the number 

of missing or absent principles. This ranking reflects the criticality of absence of these 

principles in the ETN project delivery. Within the ranking the principles are divided 

into three groups, depending on how critical their absence is: most critical (number of 

the STS principles between 23 and 6), less critical (number of STS principles between 6 

and 2) and rarely critical (1). The top eight principles in the ranking – ‘constraints’ (12), 

‘variance control’ (16), ‘uniqueness’ (15), ‘congruence’ (2), ‘simplicity and scale’ (19), 

‘values’ (10), ‘joint optimisation’ (4), ‘job characteristics’ (18) were identified to be 

highly or most critical. The eight principles (from 5 to 2 in the ranking) – ‘flexible 

specification’ (3), ‘experimentation’ (7), ‘responsibility’ (9), ‘functional purposes’ (17), 

‘participation’ (5), ‘designing design’ (6), ‘flux’ (8), ‘self-regulation’ (20) were 

identified to be less critical, while the remaining principles, including ‘boundaries’ (11), 

‘multidisciplinarity’ (13), ‘resource flows’ (14,) were assessed as rarely critical. 

The top eight STS principles (i.e. most critical) were highly likely to be absent in the 

ETN project delivery processes. Hence, it is very probable that the ETN project delivery 

failure was mainly negatively affected by their absence. Out of all 20 STS principles, 

‘constraints’ (12) and ‘variance control’ (16) top the ranking, so that their absence was 

probably most critical for the ETN project delivery.    
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Table 6.7 Ranking from highest to lowest of the possibility of absence of 20 STS 

principles in the ETN project delivery failure 

№ 20 STS principles Overall total number 

Most critical 
1 
2 
3 
4 
5 
6 
7 
8 

12 Constraints 
16 Variance control 

15 Uniqueness 
2 Congruence 

19 Simplicity and scale 
10 Values 

4 Joint optimisation 
18 Job characteristics 

23 
23 
21 
11 
9 
7 
6 
6 

Less critical   

9 3 Flexible specification  5 
10 7 Experimentation   4 
11 9 Responsibility 3 
12 17 Functional purposes 3 
13 
14 
15 
16 
17 
 
 
 

18 
19 
20 

5 Participation 
6 Designing Design 

8 Flux 
20 Self-Regulation 

 
Rarely critical 

11 Boundaries 
13 Multidisciplinarity 

14 Resource flows 
 

2 
2 
2 
2 
 
 
 
 
1 
1 
1 

 

These results emphasise the importance of the presence of the STS principles in 

successful delivery of the ETN project and indicate that the absence of adherence to 

these principles can be associated with the presence of risk factors.  

6.5 Situating STS Theory into the ETN project: General overview of Cognitive 

Work Analysis (CWA) 

Cognitive Work Analysis (CWA) originated from the work to improve safety in the 

fields of aviation, industrial engineering and risk management (Rasmussen, 1997; 

Vincente, 1999) (see Chapter 4). The researchers found that humans adapted their work 

processes in unpredictable ways, which undermined attempts to rely on predictable 

behaviour to ensure safety (Rasmussen, 1997). Thus, it was realised that it would be 

better to try to understand and exploit this human tendency to constantly adapt rather 

than trying to predict and control human behaviour itself (Rasmussen, 1999; Woods et 

al. 2007). CWA looks at how resources and options can be developed to help project 

stakeholders adapt successfully to dangerous unpredictable events (Woods et al., 2007), 

while retaining a clear awareness of the purpose or boundaries (termed constraints, in 

CWA) of safe practice (Lintern, 2003).  
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The concept of constraints is a key to understand the underlying premise of CWA. 

Rather than viewing the term negatively, as associated with undesirable restrictions, 

CWA perceives them as a stepping-stone to foster a positive approach to achieving 

desired outcomes (Vincente, 1999). To use constraints in this way involves integrating 

different dimensions of analysis to reveal the different constraints within a system 

(Jenkins et al. 2009). This can assist in deciding what are the best options to reach a 

successful sociotechnical balance within the constraints of a complex and dynamic 

environment (McIlroy et al. 2011). 

Unlike the step by step approach of many other methodologies, CWA aims to construct 

a map, which helps its user to decide which are the best roads to reach a desired 

destination, including possible obstacles, as well as the social and technical abilities that 

might be required to undertake the journey (Rasmussen, 2000). Thus, it is a formative 

approach, laying out possible ways in which tasks can be done, rather than a normative 

prescription for the way to do something or merely a description (Naikar, 2006).  

CWA lends itself to being used as a framework for STS principles. It has been used in 

this way to reveal contextual constraints and options for how behaviours can be shaped 

in a range of contexts, including different healthcare situations (Hajdukiewicz, 1998; 

Effken et al. 2010; Gephart et al. 2011) and in business for a computer provider order 

entry system (Lin, 2010). It can also be used to identify and describe constraints that act 

as barriers to the project performance (Rogers et al. 2004).  

Seeking joint optimisation for STS Theory in the ETN project 

CWA is a framework of methods that can be used to analyse, evaluate and improve 

complex sociotechnical work systems (Rasmussen et al. 1994; Vicente, 1999; Jenkins et 

al. 2009a; Salmon et al. 2010; Read et al. 2015). The ability of CWA to analyse human 

work systems and show ways of improving them means it is well-suited to be used in 

joint optimisation of the two elements (social and technical) of sociotechnical systems 

(Stanton et al. 2012). It is also compatible with the 20 STS principles (see Chapter 4), 

making it suitable for the current analysis of the failures and delays which occurred in 

the ETN project. Thus, by identifying the constraints inherent in the ETN project it can 

offer productive suggestions regarding how adaptive approaches and joint optimisation 

could have assisted the successful delivery of the project. This could have been 

achieved at an early stage of the project. 
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There are five phases involved in CWA, which may be selected according to the needs 

of the particular analysis. Following Vicente (1999), these are:  

 (1) Work Domain Analysis (WDA) – involves the identification of constraints within 

the work domain; 

(2) Control Task Analysis (ConTA) is employed to find out exactly which tasks are 

required;  

(3) Strategies Analysis (StrA) identifies the strategies used;  

(4) Social and Cooperation Analysis (SOCA) defines and describes the social 

organisation and cooperation taking place; and 

 (5) Worker Competency Analysis (WCA) to clarify which particular competencies are 

required from the workers’ competency needed. 

This form of analysis can help to identify and understand many dimensions of the 

contextual factors that shape the actors’ behaviour in working on a complex project like 

ETN. The analysis conducted here will be carried out through an Abstraction Hierarchy 

(AH) which is a tool used to portray the Work Domain Analysis (WDA). The latter is 

the first phase of CWA (Vincente, 1999).  

6.5.1. Application of the Abstraction Hierarchy (AH) to the ETN project 

The AH is a hierarchical matrix which is used to discover and define the boundaries of a 

project environment. To do this, it employs a purpose-driven approach involving five 

levels of abstraction from the broad purpose of the ETN project to the specific 

descriptions of the physical objects used to achieve the purpose. Thus, progress between 

the levels involves a series of questions asking ‘why, what and how’, where the central 

statement of ‘what it is’ is framed by the information at the level above it, explaining 

why it is needed, and the level below, which answers the question: ‘How can it be 

implemented?’ (Jenkins et al. 2009) (see Table 6.8).  

Procedure and advice (adopted from Stanton et al. 2013).    

Step 1: Define the nature of analysis  

The aim of the analysis in this study was to conduct a systems analysis of the ETN 

project in order to detect whether there was an absence of joint optimisation in planning 

and carrying out the project and how the application of STS principles could have 
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avoided this. It also aimed to establish the effectiveness of CWA when applied to 

identification of risks arising in the complex STS before and during the execution of the 

ETN project. Thus, the key objective of this stage of the study is to ‘Detect the presence 

of a lack of joint optimisation in the ETN project and determine how the STS principles 

could be applied to address this’.   

Step 2: Select appropriate CWA phases 

CWA comprises five phases, as mentioned above, which may be employed selectively, 

according to the needs of the study (Vicente, 1999). The current analysis will 

commence by aligning the 20 STS principles selected for this study with CWA. The 

elements of the ETN study are then described in different conceptual levels, which 

comprise the five levels of the Abstraction Hierarchy (AH) of WDA (see Table 6.8). 

The aim of using this analytic framework is to provide a description of the ETN project 

in terms of the purposes it was intended to serve, the human and non-human objects 

within the project, the functions they each perform and, in the case of the humans, the 

constraints imposed on the actions they carry out within the project in the course of 

those actions. Finally, the interrelations that exist between components are identified 

and described.  

Table 6.8. Descriptions of levels of AH applied to the ETN project elements (adapted 

from the City of Edinburgh Council, 2014).   
Levels of AH Description ETN elements (adopted from the City of 

Edinburgh Council, 2014).  

Functional Purposes of 
the ETN 

This level provides the 
overall reasons for 
undertaking the 
construction of the ETN.  

- Improved economic performance  
- Promote social benefits  
- Create a safe and sustainable 

infrastructure project  
Values & priority 
measures/20 STS 
principles (see Chapter 
3).  

This category was 
populated from policies 
involving the criteria by 
which the ETN project is 
judged successful at all 
levels.  
Based on the reviewed 
data sources, documents, 
reports and interviews 
from the ETN related 
literature, it was identified 
that the success of the 
ETN project can be 
measured by the extent to 
which it satisfies its values 
and priority measures 
which reflect and are 
associated with 20 STS 
principles (see Chapter 3). 

1. Multifunctionalism   
2. Congruence  
3. Flexible Specification 
4. Joint Optimisation  
5. Participation  
6. Designing design  
7. Experimentation  
8. Flux  
9. Responsibility 
10. Values 
11. Boundaries   
12. Constraints  
13. Multidisciplinarity 
14. Resource flows 
15. Uniqueness 
16. Variance Control 
17. Functional Purposes 
18. Job characteristics 
19. Simplicity and Scale  
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Levels of AH Description ETN elements (adopted from the City of 
Edinburgh Council, 2014).  

20.  Self-Regulation 
Generalised/Purpose-
related functions of the 
ETN 

This level covers the 
general functions of the 
ETN project that are vital 
for achieving its functional 
purposes.  

- To reach financial closure 
- Provide assurance and confidence in 

project delivery  
- Reduce environmental damage caused by 

traffic  
- Convey passengers from an origin to a 

destination  
- Support local economy by improving the 

accessibility 
- Reduce traffic congestion 
- Provide a fast and high capacity service 
- Reduce the frequency of road repairs  
- Match resources to needs 

Object-related  
Processes of the ETN 

This level presents the 
object-related processes 
of the ETN project.  

- Cost Management Processes 
- Scope Management Processes 
- Risk Management Processes 
- Procurement Management Processes 
- HR Management Processes 
- Integration Management Processes 
- Quality Management Processes 
- Communication Management Processes  

Physical objects of the 
ETN  

This level represents the 
equipment, information, 
people and policies that 
are intended to resolve 
the funding related issues 
of the ETN project.  

- Project Estimate Reports 
- Master Programme Plan 
- Project Risk Management Plan  
- Human Resource (HR) plan  
- ETNP Workstream; Identification, 

Modelling & design 
- A range of communication and media 

methodologies  
- Procurement Strategy 
- System integration procedures 
- BS EN ISO 9001:2000 Quality 

Management Systems 
- Contract database   

 

6.5.2. Results of AH for the ETN project 

Figure 6.5 presents the results of the ETN project summarised at all levels of the AH, 

while Figure 6.6 presents a detailed analysis of the AH, covering the development of the 

top 3 levels of the AH: functional purposes, value and priority measures, and 

generalised functions. These three levels form a basis for establishing what needs to be 

supported and how (using the STS Principles as criteria). Thus, they serve as the basis 

to assess how the presence and application of the STS principles could have avoided the 

failures to meet time and budget targets in the delivery of the ETN project.   

The top level explains the purposes behind the decision to construct the tram system in 

Edinburgh city, which were ‘Improved economic performance’, ‘Promote social 
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benefits’, and ‘Create a safe and sustainable infrastructure project’. These purposes 

acted as the external constraints on the whole project. If they were not met, then the 

project would not be considered to have been successfully delivered. Figure 6.6 shows 

how these functional purposes are linked in a means-ends relationship to the values and 

priority measures, which act as the criteria for how the functional purposes are to be met 

(Vicente, 1999). At this second level, the 20 STS principles (Figure 6.5) act as 

constraints so that the extent to which they are present can be used as a measure of the 

projects’ success and the likelihood of meeting its designated functional purposes (see 

Chapter 3).    

All the 20 STS principles, including the top eight STS principles identified from the 

AcciMap output: ‘constraints’ (12), ‘variance control’ (16), ‘uniqueness’ (15), 

‘congruence’ (2), ‘simplicity and scale’ (19), ‘values’ (10), ‘joint optimisation’ (4), ‘job 

characteristics’ (18) (coloured red) are found to be the key principles in achieving the 

purposes of the ETN project, as they connect with all the functional purposes of ETN. 

Hence, it is very probable that the ETN project delivery failure was mainly negatively 

affected by their absence.  

 

6.5.2.1. Generalised/Purpose related functions of the ETN 

 The AH identifies the 9 key generalised functions that have to be fulfilled in order for 

the ETN project to achieve its intended purposes. These are as follows: ‘To reach 

financial closure’, ‘Provide assurance and confidence in project delivery’, ‘Reduce 

environmental damage caused by traffic’, ‘Convey passengers from an origin to a 

destination’, ‘Support local economy by improving accessibility’, ‘Reduce traffic 

congestion’, ‘Provide a fast and high capacity service’, ‘Reduce the frequency of road 

repairs’, ‘Match resources to needs’.  
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Figure 6.5 Summarised Abstraction Hierarchy (AH) for the ETN project  
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Figure 6.6 Extract from the AH for the ETN project   
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Following the means-ends logic, the general functions provide the means through which 

criteria and values of the ETN project are met, while they emerge from the uses that the 

objects of the project and their affordances (lower two levels of the AH) are put 

towards.  

6.6 Discussion and Chapter Summary 

This chapter set out to explore how STS-based methods as represented in an AcciMap 

and an AH have the potential to pre-empt or prevent the failures identified in the ETN 

project.  

The chapter findings confirm the importance of the STS principles. The lack of 

application of these principles leads to a high likelihood of risk occurring, which had a 

severe impact on successful ETN project delivery.  

The STS principles ranked in descending order in terms of their number of absent or 

missing in the ETN project delivery failure are presented in Table 6.7. This ranking 

reflects the criticality of absence of the STS principles for the ETN project delivery. 

Within the ranking, the principles are divided into three groups, depending on how 

critical their absence is: most critical (between 23 and 6 of the STS principles), less 

critical (between 6 and 2 of the STS principles) and rarely critical (1). The top eight 

principles in the ranking – ‘constraints’ (12), ‘variance control’ (16), ‘uniqueness’ (15), 

‘congruence’ (2), ‘simplicity and scale’ (19), ‘values’ (10), ‘joint optimisation’ (4), ‘job 

characteristics’ (18) were identified to be highly or most critical. The eight principles 

(from 5 to 2 in the ranking) – ‘flexible specification’ (3), ‘experimentation’ (7), 

‘responsibility’ (9), ‘functional purposes’ (17), ‘participation’ (5), ‘designing design’ 

(6), ‘flux’ (8), ‘self-regulation’ (20) were identified to be less critical, while the 

remaining principles including ‘boundaries’ (11), ‘multidisciplinarity’ (13), and 

‘resource flows’ (14) were assessed as rarely critical. 

The top eight STS principles (i.e. most critical) were highly likely to be absent in the 

ETN project delivery process. Hence, it is very probable that the project delivery was 

mainly negatively affected by their absence. Out of all 20 STS principles, ‘constraints’ 

(12) and ‘variance control’ (16) top the ranking, so it seems likely that they were the 

most critical ones for the ETN project and that their absence contributed to the delivery 

failures that occurred.    
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Additionally, the aim of this chapter was to explore the synergies between the AH and 

the STS approach. Based on the work of a number of previous authors who have 

identified CWA as an STS method (Jenkins et al. 2009; Stanton et al. 2012; Stanton et 

al. 2014), the findings made evident the link between the AH and STS theory. The use 

of the AH, while exploratory in nature, has demonstrated that the AH supports STS 

principles.  

Moreover, the findings demonstrated the relevance of the STS principles for addressing 

various problems related to the project implementation and delivery of its results. 
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CHAPTER 7 – SOCIOTECHNICAL SYSTEM-BASED RISK 

MANAGEMENT FRAMEWORK 

7.1. Introduction  

In this chapter an STS-based risk management framework is presented to improve the 

implementation of infrastructure projects through more effective risk management. In 

both, the case study of a collaborative design project reported in Chapter 5 and the 

analysis of the causes of failure in the ENT project in Chapter 6, the presence and 

application of 20 key STS principles extracted from 103 principles identified in the 

extensive literature review in Chapter 3 was diagnosed as a decisive factor in success, 

while failure to apply them was found to be associated with project failure. Moreover, it 

was found that the principles could be ranked in importance, and that specific risk 

factors could be identified. Thus, using an STS perspective, the framework is 

constructed by integrating best practices identified from the literature review with the 

findings reported in the previous chapters.   

7.2. Rationale for the development of an STS-based risk management framework 

for infrastructure projects  

Inadequate risk management has been frequently diagnosed as a key factor in poor 

project performance, especially in the areas of delivering projects within original time 

and cost estimates. According to the World Bank, a lack of systematic risk management 

is a frequent cause of time overruns in many partnered infrastructure projects (Zhang, 

2005). The research findings from the questionnaire survey and interview results of a 

collaborative design project (Chapter 5) and the case study of the ETN project (Chapter 

6) clearly showed that STS-based risk management in infrastructure projects is not dealt 

with effectively and that project participants are often dissatisfied with the way 

infrastructure projects are being managed.   

Different types of risks arise at different stages of the infrastructure projects, which may 

take different forms, depending on the type of project, the specific contract undertaken 

and the procurement process. Thus, managing risks in an infrastructure project is an 

important and complex process. ISO31000 defines the term ‘risk management’ as 

“…coordinated activities to direct and control an organisation with regard to risk” (see 

Chapter 2). Therefore, the framework introduced in this chapter is intended to provide 
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guidelines for different stakeholders and practitioners in managing the key risks 

associated with major consequences in infrastructure projects from the STS perspective.    

7.3. Development of an STS-based risk management framework for infrastructure 

projects  

If a framework is intended to be really comprehensive, it needs to take into account pre-

existing frameworks (Bassioni et al., 2005). Thus, the key principles adopted in 

developing the STS-based framework have been: 

 To make sure that the framework was soundly based on existing frameworks. 

This involved reviewing previous understandings and approaches to risk 

management in infrastructure projects and blending these with the STS 

perspective;  

 To synthesise risk management processes identified in the literature and apply 

these into the STS area. In doing this, existing risk management tools, which had 

been successfully applied in different countries were employed and were linked 

with the needs identified in the STS area.  

The overarching aim was to provide a guide that would be practical and accessible for a 

range of professional users in the field of infrastructure projects. It was intended that the 

guidelines could be used over the whole life-cycle of the project or during specific 

phases and would help different participants in the project activities to identify risks and 

take a pre-emptive approach, rather than just dealing with them as they arose.  

The proposed STS-based risk management framework is shown in Figure 7.1. It 

consists of five phases, adopted from Caltrans (2012), which are: risk management 

planning, risk identification, risk analysis, risk response planning, and risk monitoring 

and review. For each phase, the risk management actions recommended were derived 

from the findings of the literature review together with the research findings obtained 

from the questionnaire results, interview results, and ETN project failure results (see 

Chapters 3, 4, 5 and 6).  The five phases of the framework are discussed below in more 

detail. 
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• Define STS-based risk 
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procedures

• Integrate and synthesise
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• Review the available 
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theory to manage the 
complex risks inherent 
in infrastructure 
projects 

• Project coordinators, project delivery team & project participants 
identify risks using STS-based methods (see Chapter 4)

• Identify the major risks from the STS perspective that can give rise to 
the failure of the infrastructure projects

• Mapping the identified infrastructure projects risks to relevant STS 
principles (see Chapter 5)

• Classify 20 STS principles in to highly critical, critical and less critical 
(see Chapter 5)risks in to External & Internal classificationReview risk 
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See Section 7.3.5 for more 
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Figure 7.1. STS-based risk management framework  
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7.3.1. STS-based risk management planning in infrastructure projects 

The initial phase sets out the procedures for STS-based risk management tasks or 

actions for the infrastructure project. This phase begins once the project has been 

approved by the project coordinator (PC), who is also responsible for the STS-based 

risk management planning process and supported by the project team, which also 

requires the sponsor’s consent. The outcome of the STS-based risk management 

planning phase is a deliverable known as the STS-based risk management plan (STS-

based RMP). It is important to note that this plan is designed to lay out how the STS-

based risk management procedure will be performed, but is not intended to include any 

specified risks, or actions that might be taken in response to risks that might be 

identified for the proposed STS-based framework in this study. The key elements 

included in the RMP are:  

 STS-based risk management methodology: This states the data sources and 

STS-based methods that could be used to carry out STS-based risk management 

of the infrastructure project to deal with any threats that may arise from the 

identified risks. It would comprise guidelines for the initial approach, and 

planning of the required actions and how they would be implemented (further 

details are given in Appendix 6). 

 Roles and responsibilities: This allocates specific tasks to the members of the 

team and specifies who is responsible for each activity in the STS-based RMP 

(see Appendix 6 for further details). 

 Budgeting: The STS-based RMP provides guidelines on how resources should 

be allocated and projections of the funding needed to undertake STS-based risk 

management over the project life-cycle (see Appendix 6 for more details). 

 Schedule of STS-based project risk management meetings: This section 

specifies the timing and frequency of STS-based risk management meetings at 

each stage of the project.  

 Sociotechnical risk reporting format: This section specifies the required 

documentation, accompanying the STS-based risk management process and how 

the findings will be analysed, recorded and reported to key stakeholders, 

together with a template for the sociotechnical risk register that has been 

compiled.  

 Tracking: This part lays out the tracking process used to track risks that have 

been identified and monitor the emergence of new risks to successful delivery of 
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the project.  An example of a template for the STS-based RMP is provided in 

Appendix 6. 

It is important to complete the STS-based risk management planning during the 

planning phase, to ensure that the remaining phases of the framework can be carried out 

successfully. Based on the STS-based risk register (see Appendix 7) compiled in this 

stage, through a cooperative effort between the project management team and the 

sponsor, there is a firm basis to identify sociotechnical risks to the infrastructure project 

so that the team can conduct an analysis and prepare an appropriate response, as well as 

monitoring and reviewing the status of these risks as the project progresses. 

7.3.2. Identification of the infrastructure project risks from the STS perspective   

This phase involves identifying important potential sociotechnical risks that might have 

a negative impact on the project’s objectives. The output (deliverable) of this exercise is 

a register of project risks (usually in the form of a spreadsheets, see Appendix 7), in 

which participants involved in STS-based risk management can record risks that have 

been identified and keep up-to-date on the status of the project risk (Patterson and 

Neailey, 2002; PMI, 2008; Caltrans, 2012; Akoh, 2018). The register is thus a tool of 

communication among the parties involved in the STS-based risk management process 

over the project life-cycle to improve the effectiveness of this process. 

To identify the major risks associated with major consequences in infrastructure 

projects from the STS perspective, the identified risks should be mapped onto the 20 

STS principles (e.g. see Tables 5.3, 5.14 in Chapter 5 and Table 6.3 in Chapter 6). The 

results obtained should be classified from the STS perspective as highly critical, critical 

and less critical (see Chapter 5).  

Table 7.1. Extract from Table 5.3: Mapping the 18 risk factors onto the 20 STS 

principles  
№ Section3: Identification & 

Analysis of 18 Risk factors 
affecting the Collaborative 
Design Project  

Lack of one or more 
of the 20                       

STS principles 

Notes/explanations 

1 Lack of support from ruling party 2 Congruence Team members should ensure that support systems and sub-
systems are congruent with the primary project design.  

2 Project scope changes 6 Designing Design                                                  
7 Experimentation                                                         
15 Uniqueness 

Team members should recognise that each project design 
process is different and itself is an STS, which should be 
treated as 'experiments'.   

3 Project being cancelled due to 
change in ruling party 

9 Responsibility                                            
20 Self-Regulation 

Team members should be given responsible autonomy for 
carrying out tasks, and they should also be given optimised 
conditions under which they become self-regulating.  
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4 Lack of mutual trust and 
understanding among the project's 
parties 

1 Multifunctionalism              
11 Boundaries 

Team members should ensure that boundaries in the project 
design process, including the lack of mutual trust and 
understanding among project participants, do not interfere with 
the exchange of information and learning. Team members 
should draw from a diverse range of skills, and they should be 
skilled in more one function.  

 

 

Table 7.2. Extract from Table 5.14: Mapping the 19 identified risk factors with the 20 STS 

principles  
№ 

Identified risk factor  Lack of                     
20 STS principles Notes/explanations 

1 Insufficient time for project 
design 

2 Congruence                         
4 Joint optimisation            
6 Designing design 

Bearing in mind the tight deadline given for the project design, 
it was not easy to establish the harmony between the planned 
project brief and real physical teamwork process.   

2 Incomplete or late project design 
drawings  

2 Congruence                      
7 Experimentation                    
15 Uniqueness                       
16 Variance control 

Every project design is unique in terms of the problems that 
arise, the project participants, and the project priorities 
assigned; therefore, project design should have been designed 
to fit within the project objectives and project structure.  

3 Project design variations  16 Variance control               
17 Functional 
purposes 

The project should have been capable of serving the purpose 
for which it is designed. Any unexpected, unplanned events, 
deviations, disturbances that could prevent meeting the 
functional purposes of the project should have been eliminated 
at the source.  

 

There are a number of well-established tools and techniques which can be used 

individually or in combination with each other to identify potential risks. These 

potential methods include checklists, brainstorming and consulting experts in the field 

as well as looking at relevant historical data. To carry out this procedure, a designated 

risk management team is assembled, including representatives of the participants 

involved in the project delivery (such as contractors and consultants and the client), 

together with the project manager and previously appointed project risk manager. 

• Checklist: Drawing up a checklist (see Appendix 8) to identify sociotechnical 

risks is a useful activity to start the STS-based risk management process, as it is 

easy to set up and can be carried out either by an experienced risk manager or a 

sub-team representing the different disciplines involved in the infrastructure 

project. It involves using historical information and prior experience from 

similar projects that have been undertaken. It is important to review the STS-

based risk identification checklist after project completion, so that the lessons 

learned can be used to update the list for use on future projects. 

• Hazard and Operability Study (HAZOP) is used in many contexts and can be 

used in risk management to generate a comprehensive list of risks (hazards) that 

might have a positive or negative impact on the project. It takes the form of an 

intensive group exercise, facilitated by the project risk manager. The group 
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might include members of the project delivery team, as well as representatives 

of other parties involved in the project, including the contractors and client. The 

identified risks will then be mapped into the 20 STS principles and classified as 

shown in Chapter 5. 

• Expert opinion: In some cases, it might be useful to consult experts who have 

been involved in risk management of infrastructure projects of a similar nature 

to assess the project from different perspectives and use their experience to flag 

up possible risks.  

Additionally, a broad range of STS-based methods in the safety, risk and accident 

prevention domain is available, ranging from failure, hazard and risk event analysis 

methods to more sophisticated variance identifying methods (see Chapter 4). These 

STS-based methods were reviewed in Chapter 4. A number of STS-based methods, 

including Management oversight and risk tree (MORT), Networked hazard analysis and 

risk management system (NET-HARMS), Work accidents investigation technique 

(WAIT), System theoretic process analysis for privacy (STPA-Priv), HS-RAS are 

available for identifying the project risks (see Tables 4.3 and 4.3a in Chapter 4). The 

majority of these methods tend to serve as tools for identifying, mitigating and 

prioritising the risks, uncertainties and failures associated with human error, non-

standard practices, and procedural non-compliance, any of which can dramatically 

degrade the performance of the entire project (see Table 4.3).  

7.3.3. Analysis of the infrastructure project risks from the STS perspective   

Risk analysis is a process of identifying the potential risks in a project and the relative 

likelihood that each one might occur. It is usually undertaken by mainly the project 

manager or project coordinator, while project team members provide additional support 

as required. 

This process can be performed by quantitative or qualitative methods, as appropriate, 

and used as a basis for evaluating each risk in turn to determine the response (i.e. further 

actions which are needed). The deliverable in this process is the amended the STS-

based risk register (see Appendix 7), which should be updated at all stages of the 

project. The findings of the literature review and the survey and interviews in the 

collaborative design project (see Chapter 5) suggested that qualitative analysis is most 

suitable for this type of risk evaluation process, as quantitative risk analysis is complex 

and requires sophisticated statistical techniques (e.g. Monte Carlo Simulation or 
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Sensitivity Analysis). These methods are costly in time and effort and require a large 

volume of reliable data and input from experts to conduct the analyses. Moreover, 

infrastructure risk management is relatively new in the STS area, and sociotechnical 

risks or STS-based risks tend to be more systemic in nature, and not easily quantified. 

Furthermore, the numerical procedures used in quantitative risk analysis require levels 

of expertise and software resources that are unlikely to be widely available at the 

present time. 

The tools and techniques that can be used to conduct an STS-based qualitative analysis 

of infrastructure project risks from the perspective are explained in the following 

subsections. 

Risk possibility analysis  

This is performed by conducting a survey in which the members of the project delivery 

team rate the possibility of occurrence of each risk occurring (using a descriptive rating 

scale in e.g., 1= very low, 2 = low, 3 = medium, 4 = high, 5 = very high) (see Chapter 5 

and Appendix 2), for definitions of the appropriate ratings in the context of 

infrastructure projects. Based on the research findings only sociotechnical risks 

associated with major consequences are considered.  

Furthermore, based on the results of the survey, these ratings can then be used by the 

project team members throughout the project lifecycle as a framework against which to 

analyse the risks. Then, a mapping exercise is performed, in which the risks are mapped 

onto the 20 STS principles (see Tables 7.1 and 7.2). It ensures that the survey addressed 

the main research objectives, namely (1) to find out whether or not the 20 synthesised 

STS principles can be used to put STS theory into practice and (2) whether an approach 

based on the 20 STS principles is one that can lead to successful project design. 

Subsequently, the criticality score of the missing 20 STS principles is assessed.  

The criticality of missing 20 STS principles in infrastructure projects   

The findings of the investigation conducted in this study through testing for the 

presence of the 20 synthesised STS principles (from Chapter 3) in the teamwork 

performances of the ‘winning’ and ‘losing’ teams confirmed the relevance of the STS 

principles for addressing problems related to project implementation and delivery 

(Chapter 5). These results established that this is a useful approach, which could be 
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employed to predict the success (or failure) of the project, based on these decisive 

factors. 

Thus, it is suggested that a similar qualitative analysis should be carried out at this stage 

of the risk assessment procedure in infrastructure projects to establish the degree to 

which each of the key STS principles are present and identify any that might be absent 

in existing lists of project objectives. The aim is to identify the most critical STS 

principles which might impact the key project objectives, leading to time and cost 

overruns and limiting the quality and scope of the project. The project performance can 

then be improved by giving high priority to making sure these critical principles are 

incorporated in the project objectives and execution.  

Based on the findings derived from the case studies i.e. a collaborative design project 

(Chapter 5) and Edinburgh Tram Network project (Chapter 6), an initial priority list is 

shown below.  

Table 7.3. An initial priority list of STS principles.  

№ 20 STS principles (see Chapter 3) 

Based on the 
findings from 
'Collaborative 
design project" 
(see Chapter 5)  

Based on the findings from the ETN project (see 
Chapter 6)  

 
AcciMap results AH results 

1 Multifunctionalism   
  ✔ 

2 Congruence ✔ 
✔ ✔ 

3 Flexible specification   
  ✔ 

4 Joint optimisation  ✔ 
✔ ✔ 

5 Participation  ✔ 
  ✔ 

6 Designing design  ✔ 
  ✔ 

7 Experimentation   
  ✔ 

8 Flux   
  ✔ 

9 Responsibility ✔ 
  ✔ 

10 Values ✔ 
✔ ✔ 

11 Boundaries   
  ✔ 

12 Constraints  ✔ 
✔ ✔ 

13 Multidisciplinarity    
  ✔ 

14 Resource flows   
  ✔ 

15 Uniqueness    
✔ ✔ 

16 Variance control  ✔ 
✔ ✔ 

17 Functional purposes   
  ✔ 

18 Job characteristics   
✔ ✔ 

19 Simplicity and scale    
✔ ✔ 

20 Self-regulation    
  ✔ 
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The STS principles found to be highly critical or most critical are presented in Table 

7.3. As it can be seen from this table, Chapters 5 and 6 findings confirmed the 

importance of the STS principles. The lack of application of these principles leads to a 

high likelihood of risk occurring, which may have a severe impact on successful project 

delivery.  

The top eight STS principles found to be critical for the team performance in the context 

of the case study in Chapter 5 are: ‘congruence’ (2), ‘joint optimisation’ (4), 

‘participation’ (5), ‘designing design’ (6), ‘responsibility’ (9), ‘values’ (10), 

‘constraints’ (12) and ‘variance control’ (16). Furthermore, based on the AcciMap 

results, the most critical ones for the ETN project delivery (Chapter 6) were 

‘constraints’ (12), ‘variance control’ (16), ‘uniqueness’ (15), ‘congruence’ (2), 

‘simplicity and scale’ (19), ‘values’ (10), ‘joint optimisation’ (4), ‘job characteristics’ 

(18). It is very likely that the absence of these principles contributed to the ETN project 

delivery failures that occurred. Based on the AH results, all 20 STS principles, 

including the top eight STS principles identified from the AcciMap output, connect with 

all functional purposes of the ETN project. Hence, the AH results provide additional 

evidence that the ETN project delivery failure was mainly negatively affected by the 

absence of these STS principles. 

Overall, the findings demonstrated the relevance of the STS principles for addressing 

various problems related to the project’s implementation and delivery of its results.  

7.3.4. Responses to the sociotechnical risks in infrastructure projects  

Risk response is a strategic process which involves developing appropriate feasible 

responses to risks and threats which have been identified. The risk register is then 

updated, along with the project management and risk management plans (Caltrans, 

2012). To initiate this process, each identified risk is allocated to its own project team, 

which is responsible for responding to that particular risk. The ultimate responsibility 

for strategic planning and implementing the risk response lies with the project manager, 

who will decide and approve the appropriate strategies and take the specific actions 

required, which may need time and budget extensions. However, there will be some 

involvement of other actors, including the project risk owner and team members. Any 

decisions will also require the consent of the project sponsor. 
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Risk response strategies  

The most usual techniques employed to respond to project risks are: risk avoidance 

(where the occurrence of the risk itself or its impact on project objectives is avoided;   

risk transfer (where the consequences of the risk are transferred to a third party, e.g. 

through insurance, warranties and contract clauses); risk mitigation (where it is not 

possible to eliminate the risk entirely, so measures are taken to reduce the likelihood of 

its occurrence or the severity of its impact), and risk acceptance/retention (where the 

risk is not considered critical enough to justify the costs of a response).   

The STS-based risk management framework (see Figure 7.1) recommends appropriate 

mitigation strategies for handling different risks in infrastructure projects from an STS 

perspective. These strategies are used to decrease the possibility of occurrence of any 

negative effects of a particular risk to an acceptable threshold.   

The proposed mitigation measures provided are based on the recommendations of the 

interviewees in the case study (see Table 5.13 in Chapter 5). Based on the Table 5.13, a 

new table of the STS risk management approaches is presented in Table 7.4, providing 

mitigation measures for each of the most critical STS risks identified.  

Table 7.4 Sociotechnical risk management approaches.  
 
№    Sociotechnical risk management approaches  

1. Define and set up the project design goal; 

2. Provide sufficient research on project design; 

3. Provide adequate or sufficient research on required materials; 

4. Provide a complete and accurate cost estimate; 

5. Redesign project incorrectness; 

6. Establish a clear plan that meets the project goals and project scope; 

7. Ensure sufficient time for project planning; 

8. Establish a clear schedule that meets the project deadline; 

9. Aim to produce strong, measurable results; 

10. Establish a shared mission and a strong sense of accomplishment relative to the project; 

11. Establish effective control and monitoring to continuously monitor project activities through the duration of the project; 

12. Ensure proper allocation of the tasks, roles and responsibilities among the project design participants; 

13. Establish a key project player who has leadership skills; 

14. Ensure sufficient number of adequate, skilled project design participants; 
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№    Sociotechnical risk management approaches  

15. Train the project participants before working in the multidisciplinary collaborative team;  

16. Develop effective interpersonal communication between project participants; 

17. Ensure rich communication between the project participants; 

18. Ensure effective collaborative team working process; 

19. Provide more support in terms of semantics and translations between diverse disciplines and cultures; 

20. Establish effective coordination, mutual trust, supportive relationships and understanding between project participants; 

21. Ensure that everyone values what each participant contributed to the team; 

22. Modify the team structure by reconsidering the project brief; 

23. Establish effective coordination between project participants; 

24. Establish appropriate and adequate knowledge sharing between project participants; 

25. Provide proper feedback on progress; 

26. Ensure the assessment of the project (make it weighted); 

27. Encourage the project participants to be motivated and inspired to do their best; 

28. Encourage the project participants to be active, passionate and enthusiastic;  

29. Provide project participants authority and power to withdraw those who do not contribute to project activities/processes.  

7.3.5. Monitoring and reviewing the sociotechnical risks in infrastructure projects   

The final stage of the procedure suggested in the proposed framework involves a long-

term monitoring process that continues throughout the project life-cycle, in which the 

status of the identified risks is updated and any previously unforeseen risks are 

identified. Assisted by the project team members, the project coordinator constantly 

checks that the agreed responses have been implemented and whether they have had the 

desired effect and monitors any changes in the project’s overall risk exposure. 

It should be noted that the ratings initially assigned to risks may alter over the project 

lifecycle. The planned responses may have to be altered or abandoned or further 

responses added if the consequences of risks turn out to be more serious than predicted, 

or when new unforeseen risks occur. 

Risk review and reassessment 

In line with the monitoring and reviewing process, regular review meetings need to be 

scheduled at appropriate intervals as a part of the process, to ensure that the relevant 

managers and team members have the opportunity to discuss how to deal with any new 

risks that have been identified or existing ones whose status has changed. At these 

meetings, the main agenda should concern the management of the project risks (rather 
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than including it in more general team meetings, with other points to discuss). Regular 

opportunities to discuss the issues with each other mean the team members are more 

likely to identify new risks or opportunities that arise in changing situations.  

It should be noted that a number of other STS-based methods for identifying the project 

risks are also available (see Chapter 4 and Table 5.13 in Chapter 5). 

7.4. Chapter Summary 

This chapter has set out the development of an STS-based risk management framework 

suitable for infrastructure projects. The development of the framework followed 

principles used in developing previous frameworks and the findings from the 

questionnaire survey, interview results and case studies (see Chapters 5 and 6) and the 

extensive literature reviews undertaken (see Chapters 2, 3 and 4). These elements were 

combined to construct the new framework, consisting of five phases. These phases span 

the life cycle of the project and consist of STS-based infrastructure project risk 

management planning; identification of STS-based infrastructure project risks; analysis 

of STS-based infrastructure project risks, responses to STS-based infrastructure project 

risks, and finally, ongoing monitoring and reviewing of STS-based infrastructure 

project risks.  
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CHAPTER 8 – SUMMARY OF RESEARCH FINDINGS, 

CONCLUSIONS AND RECOMMENDATIONS 

8.1 Introduction  

This chapter summarises the study’s findings and matches them with the research 

objectives laid out at the beginning of this thesis. It then draws overall conclusions and 

discusses the limitations of the research and the methods used. Finally, some 

recommendations are provided for future studies in this area.  

8.2 Research findings and fulfilment of research objectives  

The achievements of the research objectives are summarised below:  

• Review the knowledge base in STS and justify the research through the 

identification of gaps 

Based on the review of the studies in this field, it was argued that the potential 

contribution of an STS approach to infrastructure projects lies in its abilities to deal with 

highly complex systems. This finding justified the choice of the STS approach as a 

theoretical background of this study and the need to find out more about the potential of 

this approach when it would be applied to the management of infrastructure projects. 

• Integrate and synthesise existing STS principles for system design in 

readiness for applying them in the current research 

The systematic review identified the mainstream STS principles for various systems, 

which were then grouped by similarity and synthesised into an updated set of 20 

principles for researchers and organisations to use and discuss.  

The current lack of an integrated approach to organisational and technical change in 

many organisations results in a range of organisational pathologies right through to 

major system failures. By improving the existing sets of STS principles this study 

provides a tool which could enable project design teams to see these emerging 

challenges in a more enlightened way. It fosters the idea that while each STS design 

principle represents a possible risk, at the same time, it can also represent an 

opportunity.  

• Review the available STS-based methods developed between 1951 and 2019 

and demonstrate the visibility (occurrence) and validity of these methods  
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Based on a comprehensive literature search (Chapter 4) 103 STS-based methods were 

identified across five different domains (see Table 4.3). The visibility (occurrence) and 

validity of each method were then evaluated (see Table 4.4), where the findings 

revealed that the STS-based methods in Design Science had higher scores for both 

visibility (occurrence) and validity compared to those in the other domains. The 

outcomes helped the author innovate practical ways to explore the STS issues in 

infrastructure projects. As a start to this, each of the 103 methods was evaluated against 

the degree to which they represented the 20 STS principles (Chapter 4, Section 4.3.3). 

Eventually, that has enabled to organise them into a unifying framework, which is one 

of the major contributions to knowledge of this thesis.  

• Identify and analyse the important complex risks in infrastructure projects 

from an STS perspective 

Findings from a large-scale collaborative design project at Heriot-Watt University 

confirmed that the application of the STS principles affected the performance of the 

project teams and that it was a valuable approach for addressing the project design 

problems. In particular, the success or failure of the teams was found to be strongly 

related to the presence or absence of the STS principles in the teams’ work. This finding 

was supported by quantitative analysis with statistically meaningful results. In addition, 

the top eight most critical STS principles and associated risk factors affecting the team 

performance in the project delivery were identified.  

• To revisit the evidence in favour of STS-based methods when applied to 

real work systems  

The case study chosen to address this objective was the Edinburgh Tram Network 

(ETN) project, which failed to meet the time and budget targets originally set. The 

findings of the case study confirmed the importance of the STS principles. It was 

concluded that the failure to apply these principles had increased the likelihood of risks 

occurrence and, thus, had a severe impact on the project delivery. As an outcome of this 

study, STS principles were ranked in descending order in terms of their criticality for 

the ETN project delivery (Table 6.7). The top eight most critical STS principles, which 

absence negatively affected the ETN project delivery, were found.  

• To develop STS-based risk management framework for an infrastructure 

project to improve management of the identified and analysed key risks by 

incorporating STS principles  

Based on existing risk management frameworks, an STS-based risk management was 

developed, including guidelines for its application at each phase of the management 
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process (Figure 7.1). The guiding principles of this new framework were based on 

aligning the existing frameworks with STS theory and making use of existing STS-

based risk management methods in a way that would provide practical guidance for 

participants in infrastructure projects.   

8.3. Contribution to knowledge 

Deploying STS theory to manage the complex risks inherent in infrastructure projects is 

a relatively new concept. A lack of research in this area means that it is under-

represented in existing international literature. This research increases knowledge in this 

area. Three major contributions are: (1) a contribution to the STS theory via presenting 

the synthesised new list of 20 key STS principles, (2) a contribution to knowledge of the 

methods available via organising 103 STS-based methods identified between 1951 and 

2019 into a unifying framework, and (3) a contribution to practice via defining the 

importance of the 20 synthesised STS principles in the case studies and presenting the 

STS-based risk management framework, designed for the use by practitioners. The 

work has provided the following outputs and can be employed to improve the use of 

STS-based risk management practices in infrastructure projects: 

(1) A review of STS principles extended the earlier formulations of STS contributors. 

It was followed by an important piece of integrative work by mapping these 

different principles across one another to create a fully up-to-date and synthesised 

new list of principles. It is a unique work and makes a contribution to the STS 

theory. It was presented at the IWOT 19 Conference (Festival of Connecting in 

Leuven, Belgium) in September 2015 and received excellent feedback from leading 

experts and practitioners in this field. Later, the work was presented at the 19th 

International Conference on Applied Human Factors and Ergonomics (AHFE 

2019), which was held in Washington D.C. in US in July 2019 and published in the 

Conference Proceedings (Imanghaliyeva et al., 2019).  

(2) The systematic review of STS-based methods from a very wide range of different 

areas including both social and technical aspects of the system shed light on how 

STS-based methods were deployed in practice. The unified list of STS-based 

methods that was produced provides an important contribution to integrating 

knowledge in the field: stated simply, there are numerous STS-based methods, but 

very little work on organising them into a unified list had been done prior to this 

research. This knowledge base can provide a starting point for both researchers and 
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practitioners considering the deployment of STS–based methods to risk 

management in large-scale infrastructure projects.  

The preliminary results of the work: ‘A Systematic Review of Sociotechnical 

System Methods Between 1951 and 2019’, were presented at the 3rd International 

Conference on Intelligent Human Systems Integration (IHSI 2020), at the 

University of Modena and Reggio Emilia in Modena, Italy in February 2020 and 

subsequently published in the Conference Proceedings (Imanghaliyeva, 2020a).  

(3) The importance of the 20 synthesised STS principles from Chapter 3 and risk 

factors was confirmed. The case study of the collaborative design case project at 

Heriot-Watt University demonstrated the relevance of the STS principles for 

addressing project design problems. The findings also made a contribution to 

knowledge by showing how an awareness of critical STS principles could be 

applied to a real situation to identify risk factors.  

The preliminary results of this work: ‘Identifying and Analysing Risk Factors from 

a Sociotechnical System Perspective: A Case Study’, were also presented at the 3rd 

International Conference on Intelligent Human Systems Integration (IHSI 2020), at 

the University of Modena and Reggio Emilia in Italy, in February 2020 and 

published in the Conference Proceedings (Imanghaliyeva, 2020b). 

(4) An STS-based risk management framework for infrastructure projects was 

developed. The benefits of this framework include:  

 It provides practical STS-based risk management processes, together with guidance 

on how to respond pre-emptively to major risks identified in large infrastructure 

projects; 

 It helps risk management practitioners to focus on addressing key risk factors, as 

well as develops appropriate mitigation strategies to take a comprehensive and 

holistic approach to managing major infrastructure projects; 

 It builds on the foundation of the existing frameworks to improve risk management 

practices in relation to the complex risks associated with infrastructure projects; 

 It groups of STS-based risks and the methods for evaluating these risks and 

assessing their effects that can be used as a foundation to help future researchers. 

Thus, it is believed that the current research has made a contribution to the body of 

knowledge in the area of STS-based infrastructure project risk management. 
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8.4 Limitations of the research 

As with most research, this study encountered several constraints regarding time, 

resources, weaknesses in the construction and application of STS theory. The main 

limitations identified are as follows:  

There were inevitable difficulties in reducing so many principles to a short succinct list. 

This was partly due to the inherent complexity of the interactions of the social and 

technical systems and the difficulty of devising sufficiently holistic approach to their 

analysis, as pointed out in Chapter 2. There was also the problem that, as pointed out in 

Chapter 3, the principles themselves are not clearly specified in the literature and 

offered as guidance in different contexts rather than fixed rules, and are therefore not 

critically specified (Clegg, 2000). 

In discussing early attempts to classify and summarise STS principles (e.g., Cherns 

(1976 and 1987), van Eijnatten et al. (1989, p.3) points out that “STS principles have 

primarily been borrowed from ‘natural occurring field experiments’”, which has 

resulted in lack of a coherent theory regarding their relationship with some aspects of 

organisational structure. He cites Kuipers and Rutte’s (1987) claim that the application 

of the STS principles to production, control and preparation has not been clearly 

delineated, “…while design application order has been totally neglected” (van Eijnatten 

et.al. 1989, p.3). 

As pointed out in Chapter 3, earlier works attempting to define and summarise STS 

principles tended to express the prevailing STS viewpoints of the day and there have 

been no comprehensive attempts to integrate or synthesise these principles in 

subsequent studies apart from that of Read et al. (2015). Thus, the present study has not 

had a significant body of previous work to draw on, and there is little work that reflects 

the changes in knowledge and practice that have accumulated over the intervening years 

since the early attempts. Moreover, as pointed out in Chapter 3, there has been a 

conscious attempt among theorists to avoid over-specifying ways of working, to 

promote “…the system’s flexibility and ability for the system to adapt to changing 

environmental conditions” (Johnson, 2009). These attitudes presented a problem in the 

work in this thesis, which aimed at clarifying and classifying the principles and their 

application while acknowledging that there may be no single ‘best way.’  

As explained in Chapter 3, it is hoped that by providing complete traceability (see 

Tables 3.1 and 3.2 in Chapter 3) will allow future studies to critique and revise these 

categorisations.   
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At the practical level, it should be noted that ‘A synthesis of Sociotechnical principles 

for system design’ (see Chapter 3) was completed in December 2018. STS principles 

published from 01 January 2019 onwards are not, therefore, included. However, to the 

best of the researcher’s knowledge, no significant new STS principles have emerged 

since then.  

Some limitations should be noted in Chapter 4 ‘A systematic review of the STS-based 

methods between 1951 and 2019’. Firstly, it is possible that not all the relevant studies 

have been included, only titles and abstracts of peer reviewed articles, books, 

conference proceedings and official reports were included in the search criteria. This 

constraint was because it was expected to find a large number of STS-based methods 

reported in the literature. Thus, some STS-based methods published in the ‘grey’ 

literature could be missed. It was also expected that a majority, if not all studies, would 

make an explicit reference in the abstract to the primary methods used. In addition, the 

eligibility criteria were narrowly defined to emphasise the use of the main methods 

which were to be included.  

Additionally, as the review was completed at the beginning of July 2019, STS-based 

methods published from 01 July 2019 onwards have been overlooked. Finally, the 

review was based on the studies of STS-based methods conducted by other researchers, 

some of whom tested such aspects as the visibility (occurrence) and validity of the 

methods in their analysis while others did not. As such, it is not possible to verify the 

visibility (occurrence) and validity of all the STS-based methods included in the present 

study. The research has a specific and limited scope. It focused on STS-based risk 

management in infrastructure projects. Due to this difficult period resulting from the 

Coronavirus COVID-19 outbreak there was no opportunity to implement the evaluation 

of the STS-based infrastructure project risk management framework (see Chapter 7) in a 

real-world project, in order to evaluate its application. 

8.5 Conclusions  

The current study has shown the benefits of STS approaches that become increasingly 

important as human activity is entwined with technical processes and applications. As 

systems/projects become more complex and the cost of failure more catastrophic, the 

limitations of narrowly focused conventional methods and the benefits of more 

pragmatic systems-based approaches become evident. In particular, an STS approach 

can handle complex social and technical components of a large-scale infrastructure 

projects.  
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An updated new set of the 20 STS principles derived in this study provides criteria for 

designing or re-designing organisational structures and work processes and foster a 

culture in which each principle represents not only as a possible risk, but also an 

opportunity. The thesis has demonstrated the 20 STS principles in action, by studying 

their role in the performance of two case studies, including a real-world large-scale 

transport infrastructure project. It has been shown that the presence of STS principles 

can contribute to enhanced levels of performance, including operational measures such 

as productivity and effectiveness, but also psychological indicators concerned with 

well-being and attitudes.  

The case study findings have confirmed the importance of the STS principles and risk 

factors. Testing the presence of the 20 synthesised STS principles in the first case study 

(i.e., collaborative design project at Heriot-Watt University) has revealed that the STS 

approach based on these principles is a useful approach, which can help to predict the 

success (or failure) of the project and provide benefits for the project delivery. This has 

been proven through a statistical analysis, which yielded statistically meaningful results. 

It was also demonstrated that the absence of the application of the STS principles in the 

project work presented risks to the project, which could lead to its failure. The eight 

most critical STS principles and associated risks, which affected the project delivery in 

the first case study, have been identified. 

Further link between theory and practice can provide the 103 STS-based methods, 

which have been identified and critically reviewed in the thesis. Two of these methods – 

AcciMap and AH, have been applied to analyse the performance of the second case 

study – the ETN project. It has been shown that these STS-based methods can be used 

as effective tools in analysing the reasons for the ETN project failures. The second case 

study also confirmed the importance of the STS principles. In particular, the eight most 

critical STS principles, which were mainly missing in the project implementation, have 

been determined. It has been shown that the lack of presence of these principles most 

probably led to several risks, which had a negative impact on the ETN project delivery. 

Finally, the STS-based framework developed in this thesis, which combines both 

theoretical and practical strands, can be used as a tool to guide the STS-based risk 

management procedures in large infrastructure projects.  
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8.6 Recommendations for future research 

Based on the limitations of the current study, the following suggestions for future study 

are made, to broaden the knowledge base in this field: 

 Undoubtedly, STS principles have had considerable impact upon how large 

infrastructure projects and technologies have been designed. However, due to 

changes to the nature of work during the COVID -19 pandemic (for example, 

emphasising on new forms of work systems such as flexible and distance 

working arrangements, with more focus on autonomous systems and 

digitalisation) it is likely that the 20 STS principles (see Chapter 3) will need to 

be updated. These principles can be applied in different current case studies and 

could then be refreshed to form a new revised and final set of STS principles 

that can be applied to future scenarios in 21st century system designs.  

 Future research could be directed into applying the STS-based methods from 

Chapter 4 to a real-world case study to find out whether these methods can 

detect the STS issues in the case study, and to see if there were any differences 

and similarities. 

 The STS-based risk management framework needs to be evaluated to make sure 

it is suitable for use by the target users (i.e., infrastructure project professionals 

involved in planning or managing large scale projects). It is suggested that the 

framework could be evaluated through a series of semi-structured interviews 

with infrastructure project practitioners working in various countries.   

 The STS-based risk management framework in this study was developed 

specifically for infrastructure projects in the UK. Future studies could conduct 

parallel investigations on current risk management practices in different 

countries and regions to form a basis for cross-country comparisons to see if any 

similarities or differences exist.  

 The real-life case study in this research involved a transport infrastructure 

project. Further research could be carried out on other physical infrastructure 

projects (e.g., power plants, petrochemical installations, hospitals) to find out if 

there are different risks or issues from the STS perspective involved. 
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           Appendix 2: Observational results (adapted from Belbin, 2012)  
 
 

                   DAY 1 – Observational Results 
№ 
 

Heriot Watt 
University 
EGIS 
Departments 
(AE, 
CPM&QS, 
CSE, ID, 
Geography 
and UPPD) -
220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  
The teamwork processes of the students (general environment of the teams, participants’ involvement in the project design process, participants’ skills) 
General Situation 
(Team 
environment: 
Conflict, 
harmony, active, 
silent) 

Communication skills 
(give and receive 
feedbacks from other 
team members in order 
to perform the project 
design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 
 

Cooperation (state 
personal opinions 
and areas of 
disagreement 
tactfully) 

Presence of 
the ideas, 
suggestions, 
opinions and 
sharing with 
those ones 

Task analysing 
skills 

External and 
internal 
constraints of 
each team 

Multidisciplinary teams 1-10 (Room EC 2.03 at Heriot Watt University) 

1 Team 1  
10 students 

Harmony 
 
 

Trying to get to know 
each other 

One member is 
active 

Not fully aware 
about the given 
project design 
brief 

Not detected -  One member is 
active 

-  Two members 
are missing  

2 Team 2 
10 students 

Silent Majority of members are 
reading the given project 
design brief 

two members are 
active 

Trying to work as 
a team 

Not detected -  Two members are 
active 

Two members are 
setting up the 
project design plan 

Three members 
are missing 

3 Team 3 
10 students 

Harmony Finding out solutions for 
technical issues on 
building project 

Two members are 
active 
 

-   Exist   - 2 members are active  exist Not detected 

4 Team 4 
10 students 

Harmony Having various ideas on 
project design delivery 

Two members have 
leadership skills 

Every member 
enjoyed and 
motivated with 
their project 
design process 

 Exist  -  Having shared goals -  Three members 
are missing  

5 Team 5 
10 students 

Silent Trying to get to know 
each other  

Not detected Trying to work as 
a team 

 exist - Setting the team’s 
name 

-  Not detected 

6 Team 6 
10 students 

Harmony Trying to get to know 
each other  

Shared leadership Members are 
motivated with 
their project 
design process 

Trying to delegate 
the tasks 

Exist   Having shared goals, 
members are offering 
ideas 

Setting the 
strategic project 
design plan 

Not detected 

7 Team 7 
10 students 

Silent Majority members are 
reading the given project 
design brief 

Not detected -  -  -  Further discussions 
will be carried out 
through Facebook 

-  Three members 
are missing 

8 Team 8 
10 students 

Active Trying to get to know 
each other and not fully 
aware about the project 
design brief 

Two members are 
very active 

Trying to work as 
a team  

-  -  Having sense of 
understanding the 
project from 
sociological point of 
view 

Trying to detect 
the technical 
issues 

one member is 
missing 
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University 
EGIS 
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CPM&QS, 
CSE, ID, 
Geography 
and UPPD) -
220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  
The teamwork processes of the students (general environment of the teams, participants’ involvement in the project design process, participants’ skills) 
General Situation 
(Team 
environment: 
Conflict, 
harmony, active, 
silent) 

Communication skills 
(give and receive 
feedbacks from other 
team members in order 
to perform the project 
design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 
 

Cooperation (state 
personal opinions 
and areas of 
disagreement 
tactfully) 

Presence of 
the ideas, 
suggestions, 
opinions and 
sharing with 
those ones 

Task analysing 
skills 

External and 
internal 
constraints of 
each team 

9 Team 9 
10 students 

Harmony Trying to set up the name 
for the their team  

One member is 
active 

Trying to work as 
a team 

 - - Discussing about the 
project design in 
general  

 - -  

1
0 

Team 10 
10 students 

Silent reading the given project 
design brief 

 - - - - - - - 

Multidisciplinary team 11-22 (Room EC 2.07) 
1
1
  

Team 11 
10 students 

Harmony Stated from project design 
planning  

 - Trying to work as 
a team   

-  - Suggestions to 
continue  discussions 
on FB 

- - 

1
2 

Team 12 
10 students 

Harmony trying to set up the name 
for their team 

Two members are 
very active 

- - - Discussing about the 
project design in 
general  

- Two members 
are missing  

1
3 

Team 13 
10 students 
 

Harmony Trying to set up the name 
for the their team 

One members is 
active 

- - - - - - 

1
4 

 
Team 14 
10 students 

active Trying to get to know 
each other 

2 students suggested 
that observing site 
will be core task 

- - - - - - 

1
5 

 
Team 15  
10 students 

harmony Trying to set up the name 
for the their team 

- - - - - - - 

1
6 

 
Team 16 
10 students 

harmony Trying to get to know 
each other 

Not detected   - -  -  Suggestions to 
continue  discussions 
on FB 

 - Missing two 
members 

1
7 

 
Team 17 
10 students 

silent Trying to set up the name 
for the their team 

- Trying to work as 
a team  

- - - -  - 

1
8 

 
Team 18 
10 students 

silent Trying to set up the name 
for the their team 

- Trying to work as 
a team  

- -- - - -  

1
9 

 
Team 19 
10 students 

active Trying to start the design 
from finding out the 
solutions for the 
sustainability issues, 
technical issues 

- - - - Everybody has their 
personal opinions, 
but lack of the 
project planning  

- Missing two 
members  

2
0 

Team 20 
10 students 

Silent  Trying to set up the name 
for the their team 

- Trying to work in 
a group 

- - - - - 

2
1 

Team 21 
10 students 

harmony Trying to get to know 
each other 

- - - - Project planning -  - 
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№ 
 

Heriot Watt 
University 
EGIS 
Departments 
(AE, 
CPM&QS, 
CSE, ID, 
Geography 
and UPPD) -
220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  
The teamwork processes of the students (general environment of the teams, participants’ involvement in the project design process, participants’ skills) 
General Situation 
(Team 
environment: 
Conflict, 
harmony, active, 
silent) 

Communication skills 
(give and receive 
feedbacks from other 
team members in order 
to perform the project 
design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 
 

Cooperation (state 
personal opinions 
and areas of 
disagreement 
tactfully) 

Presence of 
the ideas, 
suggestions, 
opinions and 
sharing with 
those ones 

Task analysing 
skills 

External and 
internal 
constraints of 
each team 

2
2 

Team 22 
10 students  

harmony Discussing about the 
project design   

Collective 
leaderships skills 

Highly adaptable exist exist Setting up the project 
design plan 

exist Not detected 
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№ 
 

Heriot Watt 
University 
EGIS 
Departments 
(AE, 
CPM&QS, 
CSE, ID, 
Geography 
and UPPD) -
220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  
The teamwork processes of the students (general environment of the teams, participants’ involvement into the project design process, participants’ skills) 
General Situation 
(Team 
environment: 
Conflict, harmony, 
active, silent) 

Communication skills 
(give and receive 
feedbacks from other 
team members in order 
to perform the project 
design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 
 

Cooperation (state 
personal opinions 
and areas of 
disagreement 
tactfully) 

Presence of the 
ideas, suggestions, 
opinions and 
sharing with those 
ones 

Task 
analysing 
skills 

External 
and internal 
constraints 
of each team 

Multidisciplinary teams 1-10 (Room EC 2.03) 

1 Team 1 
10 students 

harmony 
 
 

Lack of situation 
awareness (did not read 
the given project 
overview brochures)  

       

2 Team 2  
10 students 

silent   Trying to work in 
a group 

     

3 Team 3 
10 students 

harmony Solutions for technical 
issues on building project 

     2 students are active   

4 Team 4 
10 students 

harmony Many suggestions on 
inventing the name for the 
Group 

       

5 Team 5 
10 students 

silent   Trying to work in 
a group 

     

6 Team 6 
10 students 

active      Having a clear 
strategy on project 
design 
implementation  

Collective 
project 
task 
analysing 
skills 

 

7 Team 7 
10 students 

silent Lines of face to face 
communication are closed 
and infrequent 

Members are not 
engaged and 
involved in the 
project 

- Face-to-face 
communication gap 

- Further discussions 
from Facebook 

Lack of 
enough 
research 

Decision 
made too 
quickly 
without a 
blend of 
rational and 
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№ 
 

Heriot Watt 
University 
EGIS 
Departments 
(AE, 
CPM&QS, 
CSE, ID, 
Geography 
and UPPD) -
220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  
The teamwork processes of the students (general environment of the teams, participants’ involvement into the project design process, participants’ skills) 
General Situation 
(Team 
environment: 
Conflict, harmony, 
active, silent) 

Communication skills 
(give and receive 
feedbacks from other 
team members in order 
to perform the project 
design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 
 

Cooperation (state 
personal opinions 
and areas of 
disagreement 
tactfully) 

Presence of the 
ideas, suggestions, 
opinions and 
sharing with those 
ones 

Task 
analysing 
skills 

External 
and internal 
constraints 
of each team 

intuitive 
decision-
making   

8 Team 8 
10 students 

harmony Lack of situation 
awareness (did not read 
the given project 
overview brochures) 

2 key players who 
can generate/add 
ideas 

   Sociological 
understanding of the 
design project 

Starting 
from the 
detecting 
the 
technical 
issues 

1 member is 
missing 

9 Team 9 
10 students 

harmony         

10 Team 10 
10 students 

harmony         

Multidisciplinary teams 11-22 (Room EC 2.07) 
11 Team 11 

10 students 
harmony Good start with project 

planning 
       

12 Team 12 
10 students 

harmony open and positive Members are active Project design 
plan are not clear 

supportive Exist  A diverse range of 
ideas 

- Three 
members are 
missing  

13 Team 13 
10 students 
 

harmony         

14 Team 14 
10 students 

active  2 students suggested 
that observing site 
will be core task 

      

15 Team 15 
10 students 

harmony         

16 Team 16 
10 students 

harmony      Suggestions to 
continue  discussions 
on FB 

  

17 Team 17 
10 students 

silent Open lines of 
communication  

Collective team 
performance  

Trying to work in 
a group 

Exist  exist A diverse range of 
expertise; each 
member is offering 
new ideas and 
viewpoints 

Shared 
task 
analysing 
skills 

Not detected  

18 Team 18 
10 students 

harmony Open lines of 
communication  

 Trying to work in 
a group 

     

19 Team 19 
10 students 

active Trying to start the design 
from finding out the 
solutions for the 

    Everybody has their 
personal opinions, 
but lack of the 

 Missing 4 
members 
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№ 
 

Heriot Watt 
University 
EGIS 
Departments 
(AE, 
CPM&QS, 
CSE, ID, 
Geography 
and UPPD) -
220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  
The teamwork processes of the students (general environment of the teams, participants’ involvement into the project design process, participants’ skills) 
General Situation 
(Team 
environment: 
Conflict, harmony, 
active, silent) 

Communication skills 
(give and receive 
feedbacks from other 
team members in order 
to perform the project 
design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 
 

Cooperation (state 
personal opinions 
and areas of 
disagreement 
tactfully) 

Presence of the 
ideas, suggestions, 
opinions and 
sharing with those 
ones 

Task 
analysing 
skills 

External 
and internal 
constraints 
of each team 

sustainability issues, 
technical issues 

project planning  

20 Team 20 
10 students 

Silent  The bonds between the 
team members are weak, 
which affects their 
efficiency and 
effectiveness  

Having a diverse 
viewpoints and less 
successful decision-
making 

Trying to work in 
a group 

   Not clear about what 
they must do ( and 
what they must not 
do) 

 Missing three 
members  

21 Team 21 
10 students 

harmony Open and positive 
communication  

    Project planning   

22 Team22 
10 students  

Active  Open lines of 
communication  

Collective team 
performance  

Having a shared 
understanding of 
what makes an 
effective team  

exist exist Having a clear 
project design 
process and roles  

Total 
commitme
nt to the 
project 
design  

Not detected  
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№ 
 

Heriot Watt 
University EGIS 
Departments (AE, 
CPM&QS, CSE, 
ID, Geography and 
UPPD) -220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  

The teamwork processes of the students (general environment of the teams, participants’ involvement into the project design process, participants’ skills) 
General Situation 

(Team 
environment: 

Conflict, harmony, 
active, silent) 

Communication skills 
(give and receive 

feedbacks from other 
team members in order 
to perform the project 

design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 

 

Cooperation (state 
personal opinions 

and areas of 
disagreement 

tactfully) 

Presence of the 
ideas, suggestions, 

opinions and 
sharing with those 

ones 

Task 
analysing 

skills 

Externa
l and 

internal 
constrai

nts of 
each 
team 

Multidisciplinary teams 1-11 (Room EC 2.03) 
1 Team 1 

10 students 
harmony 
 
 

Open lines of 
communication   

Members make 
decisions too quickly 
without a blend of 
rational and intuitive 
decision-making  

Medium  exist exist Diverse range of 
viewpoints  

 Two 
member
s are 
missing  

2 Team 2 
10 students 

harmony Open lines of 
communication, but 
mostly through Facebook  

 - Medium  exist exist Lines of 
communication is 
carried out through 
Facebook  

 - - 
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№ 
 

Heriot Watt 
University EGIS 
Departments (AE, 
CPM&QS, CSE, 
ID, Geography and 
UPPD) -220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  

The teamwork processes of the students (general environment of the teams, participants’ involvement into the project design process, participants’ skills) 
General Situation 

(Team 
environment: 

Conflict, harmony, 
active, silent) 

Communication skills 
(give and receive 

feedbacks from other 
team members in order 
to perform the project 

design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 

 

Cooperation (state 
personal opinions 

and areas of 
disagreement 

tactfully) 

Presence of the 
ideas, suggestions, 

opinions and 
sharing with those 

ones 

Task 
analysing 

skills 

Externa
l and 

internal 
constrai

nts of 
each 
team 

3 Team 3 
10 students 

harmony Communication is 
carrying out mostly 
through Facebook  

Solutions for 
technical issues on 
building project 

Medium exist exist Two members are 
working as a team, 
the rest of members 
will be 
communicated 
through Facebook 

-  Two 
member
s are 
missing  

4 Team 4 
10 students 

harmony Communication is open, 
and carried out mostly 
through Facebook 

- - - - Diverse range of 
viewpoints and ideas  

-  -  

5 Team 5  
10 students 

silent Open communication 
through Facebook  

 - - - - - - - 

6 Team 6 
10 students 

active Open lines of 
communication, high 
levels of respect among 
members 

Collective team 
performance  

A shared 
recognition of 
team success 

A cohesive  and 
supportive team 
environment    

High level of respect 
among members  

A diverse range of 
expertise; each 
member is offering 
new ideas and 
viewpoints  

Shared 
task 
analysing 
skills  

Not 
detected  

7 Team 7 
10 students 

silent Lines of communication is 
open  

- - - - Discussion mostly 
carried out through 
Facebook  

-- - 

8 Team 8 
10 students 

harmony Open communication  Team members are 
goal-focused 
individuals  

Each member is 
enjoyed and 
motivated with 
their project 
design process  

Everyone is making 
progress towards 
something important 
and worthwhile  

Strong sense of 
accountability and 
trust 

Sociological 
understanding of the 
design project 

Starting 
from the 
detecting 
the 
technical 
issues 

Not 
detected  

9 Team 9 
10 students 

harmony Open and positive 
communication mostly 
carried out through 
Facebook 

 - - - - - - - 

10 Team10 
10 students 

harmony Open and positive 
communication  

Members are 
involved and 
engaged in project 
design process  

Exist  Exist  Decisions made too 
quickly without a 
rational and intuitive 
decision-making  

- - two 
member
s are 
missing  

Multidisciplinary teams 11-22 (Room EC 2.07) 
11 Team11 

10 students 
harmony Open and positive 

communication  
Two members are 
very active  

Medium      

12 Team12 
10 students 

harmony Open  Members are active  Adaptable  supportive Exist  Project design plan 
are not clear 

-  -  

13 Team13 
10 students 
 

harmony Open communication         
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№ 
 

Heriot Watt 
University EGIS 
Departments (AE, 
CPM&QS, CSE, 
ID, Geography and 
UPPD) -220 
participants 

Collaborative Design Project  
Design a building, a ‘College of Construction Skills’  

The teamwork processes of the students (general environment of the teams, participants’ involvement into the project design process, participants’ skills) 
General Situation 

(Team 
environment: 

Conflict, harmony, 
active, silent) 

Communication skills 
(give and receive 

feedbacks from other 
team members in order 
to perform the project 

design task) 

Decision making 
(Leadership skills) 

Adaptability Coordination 
(support group 
decisions) 
 

 

Cooperation (state 
personal opinions 

and areas of 
disagreement 

tactfully) 

Presence of the 
ideas, suggestions, 

opinions and 
sharing with those 

ones 

Task 
analysing 

skills 

Externa
l and 

internal 
constrai

nts of 
each 
team 

14 Team14 
10 students 

active Open and positive 
communication 

2 students suggested 
that observing site 
will be core task 

      

15 Team15 
10 students 

harmony Open communication         

16 Team16 
10 students 

harmony Open and positive 
communication  

    Suggestions to 
continue  discussions 
on FB 

  

17 Team17 
10 students 

silent Open and positive Majority members 
are active 

Trying to work in 
a group 

exist Team atmosphere is 
open and positive  

Having diverse 
viewpoints  

Members 
execute 
project 
design task 
more 
quickly 

2 
member
s are 
missing   

18 Team18 
10 students 

silent Open lines of 
communication  

 Trying to work in 
a group 

     

19 Team19 
10 students 

active Lines of communication is 
open 

Members are active     Unclear project 
design plan 

 Missing 
2 
students  

20 Team20 
10 students 

Silent  Open and positive 
communication  

 Trying to work in 
a group 

     

21 Team21 
10 students 

harmony Open and positive 
communication  

    Project planning   

22 Team22 
10 students  

harmony Having shared goals, 
communicate openly 

Collective team 
performance 

Highly adaptive exist Open and positive Members are 
engaged and 
involved in the 
project design 
process 

High 
performanc
e of 
analysing 
the skills  

Not 
detected  
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               Appendix 2.1: Ethics form to conduct observations of the Collaborative                                                              

Design project  
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Appendix 3: Questionnaire Survey                            
A LETTER FOR CONDUCTING QUESTIONNAIRE 
 

 
 
Doctoral Research Survey: Assessment of the team effectiveness and performance of EGIS the Year 
4 Students on Collaborative Design Project Week  
 
Dear Participant, 
 
I am a researcher at Heriot-Watt University investigating the complexity of projects, operational 
processes of the projects, and the ways of managing sociotechnical risks in projects, the interconnection 
between systems. I am trying to get the answer for the questions such as ‘How can projects/systems* 
resilience be achieved? How can the performance of the systems* be increased?’ A range of project 
failures can be attributed to the interaction of people (social) and systems (technical) that is the 
sociotechnical multidisciplinary problems, with infrastructure projects being Sociotechnical System 
(STS). The STS perspective offers valuable insights on solving the global complex problems of the 
systems. A core value of STS is that given the right choices, social and technical systems can be 
harmonised, optimised and this lead to the successful organisational performance and worker satisfaction 
than either is separately optimised.  
 
The questionnaires are focused on understanding the team performance, and team member satisfaction 
from sociotechnical system perspective. Also it aims to identify social and technical (complex) risk 
factors that may affect the designing the collaborative project.   
 
This survey forms a part of a PhD study being supervised by Dr Guy Walker, Associate Professor. Be 
assured that your responses will be anonymous and confidential following the University’s Research 
Code of Practice. If you have any questions or concerns please contact me at: ai2@hw.ac.uk. 
Thank you for your time and contribution to my research.  
Yours Faithfully, 
PhD Research Student                          
 
 
*A project, organisation, company can be considered as a system. 
 

Template of the questionnaire 
 
Section 1: General Background Information  
 
1.1 Name of the team ------------------------------------------------------------------------------------------- 

1.2 Name of the respondent (optional) ----------------------------------------------------------------------- 

1.3 Telephone Contact------------------------------------------------------------------------------------------ 

1.4 E-mail address----------------------------------------------------------------------------------------------- 

1.5 Please indicate your age ----------------------------------------------------------------------------------- 

1.6 Please circle (O) your gender:     MALE   / FEMALE 

1.7 Please tick the box that indicates your study programme: 

Architectura
l 

Engineering 
(AE) 

Civil 
Engine
ering 
(CE) 

Structural 
Engineering 

(SE) 

Structural 
Engineering 

and 
Architectural 

Design 
(SE&AD) 

Construction 
Project 

Management 
(CMP) 

Quantity 
Surveyi

ng 
(QS) 

Urban 
Planning and 

Property 
Development 

(UPPD) 

Geograp
hy, 

Society 
and 

Environ
ment 

(GSE) 

mailto:ai2@hw.ac.uk
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☐ ☐ ☐ ☐ ☐ ☐ ☐ ☐ 
 

1.8 Please select from the options below your years of working experience and/or internship in designing 

the project (if you have). 

≤ 1 1 - 5 6 - 10 Other (Specify) 
☐ ☐ ☐ ☐ 

 
1.9 Please tick one box only below to indicate the type of organisation you have been worked for (if you 

have) 

Government International 
Contractor 

Local 
Contractor 

Consultant Joint Venture Other 
(Specify) 

☐ ☐ ☐ ☐ ☐ ☐ 
 
Section 2: Team performance and effectiveness questionnaire 
Team effectiveness dimensions or measures 
 
This questionnaire examines team effectiveness from the perspective of three main dimensions: 
 
Purpose and goals of the team  
 
Social aspects of the designing the project (the role of the team members, inter-members’ relations, social 
problem solving, social skills or communication skills and learning);  
 
Technical aspects of the designing the project (team tasks and processes, technical problem solving, 
technical skills and learning)  
 
2.1 Please complete the questionnaire  
 

№ Read through the following 
statements carefully 

Circle O the column that MOST represents YOUR VIEW of 
how well each statement describes your team 
 

Statements Strongly 
agree 

Agree Neutral Disagree Disagree 
strongly 

 1 Our team had a meaningful 
purpose.  

5 4 3 2 1 

 2 Team members clearly understood 
their tasks and roles.  

5 4 3 2 1 

 3  Team members appreciated one 
another’s idea and contribution.  

5 4 3 2 1 

 4  Team members understood one 
another’s roles. 

5 4 3 2 1 

 5  Team members took personal 
responsibility for the effectiveness 
of our team.  

5 4 3 2 1 

 6  Working on our team inspired 
students to do their best.  

5 4 3 2 1 

 7  We had the skills we needed to do 
their best.  

5 4 3 2 1 

 8  We were strongly committed to a 
shared mission.  

5 4 3 2 1 

 9  When an individual’s role changes, 
an intentional effort was made to 
clarify it for everyone on the team.  

5 4 3 2 1 

 10  We addressed and resolved issues 
quickly.  

5 4 3 2 1 

 11  We sought to arrange our priorities 
to meet the client’s needs. 

5 4 3 2 1 

 12  My team had a strong sense of 5 4 3 2 1 
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accomplishment relative to our 
project.   

 13  We focused on big-picture 
strategic issues as much as on day-
to-day activities.  

5 4 3 2 1 

 14  Students on my team were 
rewarded for being team players.  

5 4 3 2 1 

 15  Communication in our team was 
open and honest.  

5 4 3 2 1 

 16  I communicated effectively with 
team members. 

5 4 3 2 1 

 17  I am proud to be part of our team.  5 4 3 2 1 
 18  As a team, we were continually 

working to improve cycle time, 
speed to market, client’s needs, 
customer responsiveness, or other 
key performance indicators.  

5 4 3 2 1 

 19  We set and met challenging goals. 5 4 3 2 1 
 20  Everyone values what each 

member contributed to the team.  
5 4 3 2 1 

 21  Group meetings were very 
productive. 

5 4 3 2 1 

 22  Teaching staff briefings were very 
productive.  

5 4 3 2 1 

 23  Members of our team trusted each 
other.  

5 4 3 2 1 

 24  Our team established trusting and 
supportive relationships with other 
teams.  

5 4 3 2 1 

25 Team members frequently went 
beyond what is required and did 
not hesitate to take initiative.  

5 4 3 2 1 

26 We viewed everything, even 
mistakes, as opportunities for 
learning and growth.  

5 4 3 2 1 

27 We consistently produced strong, 
measurable results.  

5 4 3 2 1 

28 Team members avoided 
duplication of effort and made sure 
they were clear about who is doing 
what.  

5 4 3 2 1 

29 Our team had mechanisms in place 
to monitor its results.  

5 4 3 2 1 

30 Team members helped one another 
deal with problems or resolve 
issues.  

5 4 3 2 1 

31 We worked toward integrating our 
plans.  

5 4 3 2 1 

32 Team members sought and gave 
each other constructive feedback.  

5 4 3 2 1 

33 As a team, we worked to attract 
and retain top performers.  

5 4 3 2 1 

 34  We used various forms of training 
to keep our skills up-to-date.  

5 4 3 2 1 

 35  We made sure our work or task 
helped to the client achieve his 
goals.  

5 4 3 2 1 

 36  When team members’ roles 
changed, specific plans were 
implemented to help them assume 
their new responsibilities.   

5 4 3 2 1 

 37  Our team worked with a great deal 5 4 3 2 1 
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of flexibility so that we could adapt 
to changing needs.  

 38  We were able to work through 
differences of opinion without 
damaging relationships.  

5 4 3 2 1 

 39  Our collaborations with other team 
members were productive, 
worthwhile, and yield good results.   

5 4 3 2 1 

 40  Team members were sure about 
what was expected of them and 
took pride in a job well done.  

5 4 3 2 1 

 41  Our team was excited about the 
contribution it is making to the 
project’s competitive viability.  

5 4 3 2 1 

 42  Team members embraced 
continuous improvement as a way 
of life.  

5 4 3 2 1 

 43  The mission and goals of my team 
were well aligned with the client’s 
mission and goals.  

5 4 3 2 1 

 44  Overlapping or shared tasks and 
responsibilities did not create 
problems for team members.   

5 4 3 2 1 

 45  When we chose consensus 
decision-making, we did it 
effectively.  

5 4 3 2 1 

 46  Team members displayed high 
levels of cooperation and mutual 
support.  

5 4 3 2 1 

 47  The goals of our group supported 
to the given project goals. 

5 4 3 2 1 

 48  Team members considered how 
their actions will impact others 
when deciding what to do.  

5 4 3 2 1 

 49  My team was proud of its 
accomplishments and optimistic 
about the future.  

5 4 3 2 1 

 50  Team members worked to ensure 
we were using best-practice 
methods.  

5 4 3 2 1 

Section 3: Identification & Analysis of major risk factors affecting the Designing the Collaborative 
Projects  
This section identifies complex risk factors that may affect the designing the collaborative projects  
3.1 Please tick only one box in each case to indicate the possibility of occurrence of the following risk 

factors on designing the collaborative projects as shown: 
 

№ Risk factors that may affect the 
designing the collaborative project 

Possibility of occurrence 
 

Very 
Low 

Low Medium High Very High 

1 Lack of support from the University 
ruling party 

☐  ☐ ☐ ☐ ☐ 

2 Project scope changes  ☐ ☐ ☐ ☐ ☐ 
3 Project being cancelled due to change 

in the University ruling party 
☐ ☐ ☐ ☐ ☐ 

4 Lack of mutual trust and 
understanding within the project 
parties 

☐ ☐ ☐ ☐ ☐ 
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5 Project funding problems ☐ ☐ ☐ ☐ ☐ 
6 Project site acquisition problems ☐ ☐ ☐ ☐ ☐ 
7 Contractual disputes ☐ ☐ ☐ ☐ ☐ 
8 Communication breakdown among 

the different project parties 
☐ ☐ ☐ ☐ ☐ 

9 Lack of commitment between project 
parties 

☐ ☐ ☐ ☐ ☐ 

10 Shortage of specialised project experts  ☐ ☐ ☐ ☐ ☐ 
11 Shortage of technical skilled project 

design team members 
☐ ☐ ☐ ☐ ☐ 

12 Lack of joint risk mechanism by 
project parties 

☐ ☐ ☐ ☐ ☐ 

13 Lack of situation awareness among 
the project parties 

☐ ☐ ☐ ☐ ☐ 

14 Lack of coordination and 
communication among the project 
parties  

☐ ☐ ☐ ☐ ☐ 

15 Inexperienced, inadequate project 
design team members 

☐ ☐ ☐ ☐ ☐ 

16 Losing critical project design team 
members at crucial points of the 
designing the project  

☐ ☐ ☐ ☐ ☐ 

17 Insufficient time for project planning  ☐ ☐ ☐ ☐ ☐ 
18 Additional needs requested by project 

parties 
☐ ☐ ☐ ☐ ☐ 

 
*The project design team members, client, teaching staff can be considered as the project parties.  

 
Thank you for your time and contribution to my research 
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Appendix 3.1: Ethics form for the follow up study  
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Appendix 3.2: Participant consent form for the follow-up study   

Participant Consent Form 
Research project title:  Managing sociotechnical risks in infrastructure projects:                         
Sociotechnical system perspectives on systems failure.  
 
Research investigator:           Amangul Imanghaliyeva 
 
The purpose of this research: The study aims to investigate the complexity of 
projects, interconnection between systems, operational processes of the projects, the 
ways of managing sociotechnical risks in projects. It is trying to get the answer for the 
questions such as ‘How can projects/systems* resilience can be achieved? How can the 
performance of the systems* can be increased?’ A range of project failures can be 
attributed to the interaction of people (social) and systems (technical), that is the 
sociotechnical, multidisciplinary problems, with infrastructure projects being 
Sociotechnical System (STS). The STS perspective offers valuable insights on solving 
the global complex problems of the systems. A core value of STS is that given the right 
choices, social and technical systems can be harmonised, optimised and this lead to the 
successful organisational performance and worker satisfaction than either is separately 
optimised. It is intended find out the settings and criteria for designing the reliable and 
sustainable projects.  
To fulfil the above aim, the following specific objectives will be pursued:  

• Detect the successful and unsuccessful projects in terms of meeting the 
requirements of STS theory and STS principles  

• Getting the list of requirements and criteria for successful and unsuccessful 
projects  

• Innovate/develop the STS framework/tool/method using the requirements and 
criteria for successful project and outputs from analysed data  

Participation process:  
1. The study has been approved by the Ethics Committee of Heriot –Watt University.  
2. The interview will take about 1 hour. It is not anticipated that there are any risks 

associated with your participation, but you have the right to stop the interview or 
withdraw from the research at any time.  

3. The interview will be recorded. You are providing permission to Amangul 
Imanghaliy as research investigator to collect data including audio recording of your 
voice.  

4. A transcript of the interview will be produced.  
5. The transcript will be analysed by Amangul Imanghaliy as a research investigator.  
6. Access to the interview transcript will be limited. It will be confidential and will be 

used for future research in relevant domain solely. 

Quotation Agreement 
I also understand that my words may be quoted directly. With regards to being quoted, 
please initial next to any of the statements that you agree with: 
 I wish to review the transcripts produced from the interview pertaining to my 

participation.  
 I agree to be quoted directly. 
 I agree to be quoted directly if my name is not published and a made-up name 

(pseudonym) is used. 
 I agree that the researchers may publish documents that contain quotations by me. 
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All or part of the content of your interview may be used:  
• In academic papers or news articles 
• On other feedback events 
• In an archive of the project as noted above 

By signing this form, I agree that: 
• I am voluntarily taking part in this project. I understand that I do not have to take 

part, and I can stop the interview at any time. 
• The transcribed interview or extracts from it may be used as described above. 
• I have read the information part of the current form. 

 
______________________________ by initialising here, I acknowledge that my 
participation in this study will result in audio recording of my voice.  
 
 
____________________________            ______________________         
____________ 
Research Participant                                        Signature                                    Date  

 
____________________________            ______________________         
____________ 
Research Investigator                                       Signature                                    Date  

 
Should I have any questions about this research or its conduct, I understand that I am 
free to contact the research investigator:  
 
Amangul Imanghaliyeva                     ai2@hw.ac.uk                            +44 7481189908 
      
                            I have read, agreed and understood the statements in this form.  
 
 
 
The participant must be provided with a copy of this consent form.  
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:ai2@hw.ac.uk
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Appendix 4: Interview questionnaires                             
A LETTER OF INTRODUCTION FOR INTERVIEW 

 

 
REQUEST FOR INTERVIEW 
Dear Participant, 
I am a researcher at Heriot-Watt University investigating the complexity of projects, operational 
processes of the projects, the ways of managing sociotechnical risks in projects. I am trying to get the 
answer for the questions such as ‘How can projects resilience can be achieved? How can the performance 
of the projects be increased?’ A range of project failures can be attributed to the interaction of people 
(social) and systems (technical), that is the sociotechnical, multidisciplinary problems, with infrastructure 
projects being Sociotechnical System (STS). The STS perspective offers valuable insights on solving the 
global complex problems of the systems. A core value of STS is that given the right choices, social and 
technical systems can be harmonised, optimised and this lead to the successful organisational 
performance and worker satisfaction than either is separately optimised.  
The research aims to find out the settings and criteria for designing the reliable and sustainable projects.  
To fulfil the above aim, the following specific objectives will be pursued:  

• Detect the successful and unsuccessful projects in terms of meeting the requirements of STS 
theory and STS principles  

• Getting the list of requirements and criteria for successful and unsuccessful projects  
• Innovate/develop the STS framework/tool/method using the requirements and criteria for 

successful project and outputs from analysed data  
Thank you for your time and contribution to my research.  
 
Yours Faithfully, 

 
PhD Research Student       
                              
 
Questions to guide semi-structured interviews with interviewees  

Section 1: General Background Information 

1.1 Please tell me the name of the team and your study programme   

1.2 Please can you also tell me your age?  

1.3 Please tell me do you have any experience on project design? (have you been working (in internship) 

or/and as a volunteer in different organisations related with the designing of the project?)  (if yes, 

how many years?)  

1.4 What role did you play in Collaborative Design project? (e.g., project manager, cost analysis 

manager, risk manager, interior designer etc.)  

Section 2: General experiences of designing the collaborative project   

2.1 What aspects of your involvement in Collaborative Design Project have you found most rewarding? 

2.2 In the light of your experience of designing the project:  

Which aspects are working well?                          

Which aspects in project design are in most need of improvement?  

2.3 Are you satisfied with the quality of communication within project participants? How might it be 

improved?  

2.4 How would you describe your relationship with project participants? 

2.5 If communication between project participants were ideal, what would it look like? 

2.6 How might the designing the project can be improved?  
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2.7 What does the project need from team in order to run well?  

2.8 How well is team meeting the needs of the project? 

2.9 If you were to design this project again, what would you change?  

2.10  What advice would you offer to the next year students in a project design for the first time? 

Section 3: Identification of major risk factors affected to the performance of project design 

3.1 Are there any social, technical and organisational risk factors affected the performance of this 

collaborative project based on your experience? Please explain  

3.2 Please tell me about the consequences (impacts) of each of the risk factors identified above on the 

designing the project (Hint: use very high, high, medium, low and very low to explain) 

3.3 Did you keep record of the identified risks? How?  

3.4 How can each of the sociotechnical risk identified in 2.1 above be effectively managed to improve 

the performance of project design? 

 
Thank you for your time and contribution to my research 

 
 

Appendix 5: Posters                             

Posters of the winning teams 
Team 6 

 

Team 8 
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Team 17 

 

Team 22 

 

 

Posters of the losing teams 

Team 1 
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Team 2 

 

Team 3 

 

Team 4 

 

Team 5 
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Team 7 

 

Team 9 

 

Team 10 

 

Team 11 
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Team 12 

 

Team 13 

 

Team 14 
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Team 15 

 

Team 16 

 

Team 18 
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Team 19 

 

Team 20 

 

Team 21 
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Appendix 6: STS-based risk management plan template for infrastructure projects 
(adapted from Caltrans 2012, 2007; Akoh, 2018) 
 

STS-based risk management plan 

This document lays out procedures for designing and carrying out STS-based risk 

management. The plan includes among other possibilities: defining the objectives, 

specifying the roles and responsibilities, processes and procedures which will be 

involved, drawing up the budget and scheduling how often reviews will take place and 

the associated reporting protocols. It also identifies risk categories and ways of defining 

the likelihood of a risk occurring and the types and degree of severity of any 

consequences, together with procedures and formats for reporting their status. 

Project name:  
Project ID:  
Project Location:  
Project Sponsor:  
Main Contractor:  
Consultant:  
Project Manager:  
Date:  
Version:  
 

STS-based risk management plan approval 

The signatories below hereby confirm they have reviewed the STS-based risk 

management plan for the above named infrastructure project. Any alterations to this 

STS-based risk management plan will be coordinated with and approved by the same 

signatories or their designated representative. It is recommended that the authorised 

signatories should include the project manager, project sponsor, contractor and 

consultant. 

Signature: Signature: 
Print Name: Print Name: 
Title: Title: 
Role: Role: 
Date: Date: 
Signature: Signature: 
Print Name: Print Name: 
Title: Title: 
Role: Role: 
Date: Date: 
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Appendix: STS-based risk management plan template sample: continued  

STS-based risk management objectives 

The use of STS-based risk management approaches aims to enable the project team to 

take appropriate measures to:  

 Reduce any negative impacts on the scope, cost, schedule and quality of the 

project                                  

 Seize any opportunities to enhance the project’s objectives by widening its scope 

and improving quality, while reducing costs, and time scales 

 Reduce the incidence of management crises  

 

Roles and responsibilities 

This section specifies the roles and responsibilities of the infrastructure project delivery 

team in terms of planning, identifying and analysing risks and deciding on responses, 

reviewing and monitoring the status of the risks and the progress of the risk 

management process. The project managers, project delivery team members (including 

contractors, consultants & the client) and the project risk manager should be involved in 

these activities. 

STS-based project risk management roles and responsibilities 
 
Roles Responsibilities 

 
Project Managers  Integrate resources and time needed to implement the STS-

based risk management plan in the project budget and schedule 
 Develop, communicate and implement risk management plan                                                                                        
 Develop and update the risk register with the support of the 

project team and integrate it into the work plan                                                                                                                                                                  
 Ensure proactive response to all risks and opportunities that will 

impact the successful delivery of the project. 
 Produce risk management reports for sponsors 
 Schedule and conduct project risk meetings 
 Monitor and update risks 
 Ensure quality of the risk data in the risk register 
 Track and monitor the effectiveness of risk response actions. 
 Recommend training on risk management skills for project team 

as often as required 
 

Project Delivery Team 
Member 

 Identify the risks and describe them (e.g., political, corruption, 
etc.) 

 Evaluate the possibility of the risks occurrence & assign 
descriptive rating (very low, low, medium, high, very high) 

 Evaluate the consequences of risks on project cost, time, quality, 
environmental sustainability and stakeholder management & 
assign descriptive rating as above 

 Assist to identify risk owner and develop risk response strategies 
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STS-based project risk management roles and responsibilities 
 
Roles Responsibilities 

 
 Document risk response strategies and report to project 

manager for integration in risk management updates. 
 Communicate with project manager about newly-identified 

risks, risk analysis, and retirement of risks. 
Project Risk Manager   Support the project manager to develop and update the risk 

management plan and the risk register 
 Promote and direct risk management for the project. 
 Schedule and conduct project risk meetings 
 Perform risk monitoring and updating 
 Ensure quality of the risk data in the Risk Register 
 Document risk response actions 
 Track and monitor the effectiveness of risk response actions 
 Track and monitor the effectiveness of risk response actions. 
 Produce risk management reports for the project manager 
 Report to the project manager on all matters related to risk 

management 
 Compile the lessons learned in the area of risk management 

 

Processes and procedures 

This section explains how the STS-based risk management process will be executing for 

the proposed infrastructure project. It lays out the approaches to planning and 

implementing all the activities involved in that project. 

Frequency of STS-based risk management meetings and review of the project risks 

Meetings for the purpose of discussing and making decisions on the project risk are 

scheduled as: 

A schedule of the meetings which will be held to discuss the project risks and take 

appropriate decisions is drawn up. The frequency of the meetings may be: 

Weekly-----------------Bi-weekly-----------------Monthly-----------------other--------------- 

The STS processes for identifying and analysing and responding to risks will continue 

throughout the project’s entire life cycle alongside the reviewing and monitoring 

procedures. At the beginning of each new phase, a full review will take place and the 

risk register will be updated accordingly.  

STS-based risk identification methods to be used 

Any combination of the following STS-based risk management methods including 

Management oversight and risk tree (MORT), Networked hazard analysis and risk 
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management system (NET-HARMS), Work accidents investigation technique (WAIT), 

System theoretic process analysis for privacy (STPA-Priv), HS-RAS, checklists, 

HAZOP, interviewing and others can be used by the infrastructure project team to 

identify possible risks that could affect fulfilment of each phase of the project. 

STS-based risk analysis methods to be used 

Qualitative risk analysis will be used to analyse the identified risk affecting the 

performance of infrastructure projects 

STS-based risk reporting format 

This section states the protocols for documenting, analysing and communicating the 

outputs of the STS-based risk management processes. It explains what should be 

documented in the risk register and any other risk reports required and specifies the 

format to be used. It also gives guidance and formats for communicating information 

about the project risks. A copy of risk register template should accompany the STS-

based risk management plan. 

Tracking  

A way of recording and preserving the risk management activities should be 

documented, so that the lessons learned can be used to help risk management in future 

projects.  

Budgeting   

This section provides an explanation of how resources should be allocated, and 

estimations of funds required by the STS-based project risk management team to 

manage the sociotechnical risks.  

Risk categories 

These categories are intended to provide a framework to make sure in the procedures 

involved in identifying risks are robust and there is consistency in the levels of detail 

required.  
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Appendix 7: STS-based risk register template for infrastructure projects (Adapted 

from Transport Scotland, UK; Caltrans, 2012; Akoh, 2018)  
Sample of STS-based risk register template for infrastructure projects  

Project Name: 

Project Location: 

Project Coordinator: 

 

SOCIOTECHNICAL RISK 
IDENTIFICATION  

SOCIOTECHNICAL RISK 
ANALYSIS  

SOCIOTECHNICAL RISK 
RESPONSE  

SOCIOTECHNICAL POST MITIGATION 
ANALYSIS  

Sociotechni
cal Risk ID 

Descriptio
ns  

Possi
bility 
level 

Conseq
uence 
level 

Conseq
uence 
Score  Sociotechni

cal 
mitigation 

notes  

Owner  

Possi
bility 
level 

Consequ
ences 
level 

Conseq
uence 
Score 

  

from 
1 to 5 

from 1 
to 5   from 

1 to 5 
from 1 

to 5   

Date 
last 

revie
wed 

ST(Sociote
chnical) 

Insufficie
nt time 

for 
project 
design   

4 4 

  Proper 
allocation 

of the 
roles and 

responsibil
ities 

among the 
project 
design 

participant
s;                                   

Define and 
set up the 

project 
design 
goal;                           

Establish a 
clear 

schedule 
that meets 
the project 
deadline;                       

Establish a 
shared 
mission 
and a 
strong 

sense of 
accomplis

hment 
relative to 

the 
project;                                      
Aim to 

produce 
strong, 

measurabl
e results.    

Project 
Coordi
nator 
(PC) 

2 4 
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Appendix 7.1: STS-based risk register template for infrastructure projects: 

continued 

Entering data into the STS-based risk register 

These steps provide guidance for entering data in the different columns of the risk 

register.  

 Sociotechnical risk ID: Enter a unique identification number/code/shortcut for 

the risk 

 Description of sociotechnical risk: Give a brief description of the event, 

including possible consequences should it occur (see sample above).  

 Rating of the possibility of occurrence of sociotechnical risk: Rate this on a 

scale of 1-5, to show how important it would be to respond to the risk. Select 1 – 

5 where 1 = very low; 2 = low; 3 = medium; 4 = high and 5 = very high  

 Rating of the consequences of sociotechnical risk occurring: Select a rating 

of the consequences from 1 – 5 as explained in the previous point. 

 Sociotechnical consequence score: Enter the product of the two previous 

scores (the possibility of occurrence of sociotechnical risk and the consequences 

of sociotechnical risk occurring) 

 Sociotechnical mitigation notes: Briefly describe the action to be taken in 

response to the risk (either to reduce the possibility of its occurrence or to 

mitigate the negative consequences and reduce them to an acceptable threshold 

 Sociotechnical risk owner: Record the name of the team member who has been 

assigned responsibility for the risk  

 Date last reviewed: Add any changes to the risk or to the assessment of its 

consequences/likelihood and write the date in this column. 

 

Appendix 8: STS-based risk identification checklist (adapted from Team 

effectiveness diagnostic questionnaire statements created by the London Leadership 

Academy:https://www.londonleadershipacademy.nhs.uk/sites/default/files/Team_effecti

veness_diagnostic-LAL1.pdf) 

 

 

 

https://www.londonleadershipacademy.nhs.uk/sites/default/files/Team_effectiveness_diagnostic-LAL1.pdf
https://www.londonleadershipacademy.nhs.uk/sites/default/files/Team_effectiveness_diagnostic-LAL1.pdf
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✔YES ✔NO N/A

1
Project members meet the minimum qualifications to perform the project design processes 

2 Project members complete orientation training prior to being assigned to project design 

3 Project members have completed initial and annual fire safety training 

4 Project members have completed incident report training 

5 Project members have been trained in behaviour intervention techniques 

6
Project members have a shared mission and a strong sense of accomplishment relative to 
the project

7 Project members trained before working in the multidisciplinary collaborative team 

8 Project members have a meaningful purpose.  

9 Project members clearly understood their tasks and roles. 

10 Project members appreciated one another's ides and contribution. 

11 Project members took personal responsibility for the effectiveness of their team. 

12 Project members addressed and resolved issues quickly. 

13 Project members sought to arrange their priorities to meet the client’s needs.

14 Team have a strong sense of accomplishment relative to your project.  

15
Project members focuse on big-picture strategic issues as much as on day-to-day 
activities. 

16 Communication in our team was open and honest. 

17 I communicated effectively with team members.

18
As a team, we were continually working to improve cycle time, speed to market, client’s 
needs, customer responsiveness, or other key performance indicators. 

19 We set and met challenging goals.

20 Everyone values what each member contributed to the team. 

21 Members of our team trusted each other. 

22 Our team established trusting and supportive relationships with other teams. 

23
Team members frequently went beyond what is required and did not hesitate to take the 
initiative. 

24 We viewed everything, even mistakes, as opportunities for learning and growth. 

25 We consistently produced strong, measurable results. 

26
Team members avoided duplication of effort and made sure they were clear about who is 
doing what. 

27 Our team had mechanisms in place to monitor its results. 

28 Team members helped one another deal with problems or resolve issues. 

29 Team members sought and gave each other constructive feedback. 

30 We used various forms of training to keep our skills up-to-date. 

31 We made sure our work or task helped the client achieve his goals. 

32
When team members’ roles changed, specific plans were implemented to help them 
assume their new responsibilities.  

33
Our team worked with a great deal of flexibility so that we could adapt to changing needs. 

34 We were able to work through differences of opinion without damaging relationships. 

35
Our collaborations with other team members were productive, worthwhile, and yielded 
good results.  

36
Our team was excited about the contribution it is making to the project’s competitive 
viability. 

37 Team members embraced continuous improvement as a way of life. 

38 The mission and goals of my team were well aligned with the client’s mission and goals. 

39
Overlapping or shared tasks and responsibilities did not create problems for team 
members.  

40 When we chose consensus decision-making, we did it effectively. 

41 Team members displayed high levels of cooperation and mutual support. 

42 The goals of our group supported the given project goals.

43
Team members considered how their actions will impact others when deciding what to do. 

44 Team members worked to ensure we were using best-practice methods. 

                                              SOCIOTECHNICAL RISKS
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Paper/publications/conferences attended 

Attended and presented the paper ‘An AcciMap of the Edinburgh Tram Network Project 

Delivery Failure’ at the 3rd International Conference on Human Interaction and 

Emerging Technologies (IHIET 2020) which was held as a Virtual Conference 

in France, August 27-29, 2020, and this work was published in the Conference 

Proceedings (Imanghaliyeva 2020c).  

Attended and presented the paper ‘Identifying and Analysing Risk Factors from a 

Sociotechnical System Perspective: a Case Study’ at the 3rd International 

Conference on Intelligent Human Systems Integration (IHSI 2020) which was 

held at University of Modena and Reggio Emilia in Modena, Italy, February 19-

21, 2020. The work was published in the Conference Proceedings 

(Imanghaliyeva 2020b). 

Attended and presented the paper ‘A Systematic Review of Sociotechnical System 

Methods between 1951 and 2019’ at the 3rd International Conference on 

Intelligent Human Systems Integration (IHSI 2020) which was held at 

University of Modena and Reggio Emilia in Modena, Italy, February 19-21, 

2020. The work was published in the Conference Proceedings (Imanghaliyeva 

2020a). 

Attended and presented the paper ‘A Synthesis of Sociotechnical Principles for System 

Design’ at the 19th International Conference on Applied Human Factors and 

Ergonomics (AHFE 2019), which was held in Washington D.C. in US in July 

2019 and this work was published in the Conference Proceedings 

(Imanghaliyeva et al., 2019).  

Presented a poster ‘Sociotechnical system-based methods in projects’ at the 

Infrastructure and Environment Scotland 4th Postgraduate Conference held at 

the University of Edinburgh in May 2017 in Edinburgh, Scotland.  

Attended and gave a presentation on ‘Managing sociotechnical risks in infrastructure 

projects: STS perspectives on systems failure’ at the PGR Research Impact: 

Making a Difference Event held at Heriot-Watt University on 30th March 2016, 

Edinburgh, Scotland. 

Presented a poster 'A review and synthesis of sociotechnical system design principles for 

innovative work organisations' at the Infrastructure and Environment Scotland 

3rd Postgraduate Conference held at Heriot-Watt University in Edinburgh, 

Scotland on December 9th, 2015. 
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Presented a paper 'A review and synthesis of sociotechnical system design principles for 

innovative work organisations' at the Festival of Connecting, 19th International 

Workshop on Teamworking (IWOT 19) held in September 7-8, 2015 in Leuven, 

Belgium.  
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