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Abstract 
 
 
There is currently significant interest in increasing collaboration across traditional infrastructure 
sector boundaries. Greater coordination and integration of resources across historically siloed 
infrastructure networks can potentially affect a range of desirable outcomes, including the 
reduction of total urban waste streams. Despite considerable and persistent enthusiasm for such 
cross-sectorally integrated projects among academic, policy and practitioner communities alike, 
however, there are to date few existing examples where integrated, ‘looped’, and ‘circular’ 
infrastructure has been realised at the urban scale.  

 

This thesis aims to support the practice of planning such complex, cross-sectoral infrastructure. It 
is structured in two parts. The first addresses knowledge gaps in our understanding of the 
challenges encountered in cross-sectoral integration practice. Drawing on the experiences of 
seven integration projects, it validates and extends the integration challenges described in the 
extant literature, as well as provides the empirical foundation for the thesis. Using complex 
adaptive systems (CAS) theories, the existence of four mechanisms influencing integration 
practice is subsequently postulated. Their dynamics are used to explain why the development of 
a strategic value proposition is a particularly critical, as well as challenging, aspect of cross-
sectoral integration processes. It is concluded that insufficient clarity of strategic integration 
objectives limits the necessary buy-in by those stakeholders with the critical capacities for 
for influencing change. 

 
The second part of the thesis responds to the preceding diagnosis of challenges faced by 
proposing the use and adaptation of Problem Structuring Methods (PSMs) – a set of decision 
support methods rarely used nowadays in urban planning practice. It details the design of four 
interventions with PSMs in cross-sectoral infrastructure projects. It finds that they can enhance 
both the effectiveness and efficiency of integration practice and recommends their use for future 
strategic cross-sectoral planning exercises, provided their application is adapted to the specific 
pressures of their practical context.  

 
 

 
Keywords: cross-sectoral integration, infrastructure planning, strategy development, collaborative 
planning, CAS, PSMs, evaluation, critical realism, experiential research 
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1. Introduction 
 
 
Infrastructure networks that seamlessly function across traditional sector boundaries feature 
prominently in contemporary imaginations of the cities in the future. Depicted as multi-coloured, 
pervasive networks, they provide a technological backdrop to glossy visualisations of future city 
visions intended to enthuse city officials, investors, and other urban enthusiasts alike. Such 
projections of integrated systems bridging traditional silos of energy, water, waste, and 
transportation are currently exerting much influence. Exemplar integrated infrastructure projects, 
such as the Hammarby Sjöstad district in Stockholm, are increasingly presented as reference 
points for global best practice in infrastructure propositions for achieving sustainable urbanism.  
 

The appeal of cross-sectorally integrated infrastructure is high. They are at times presented as a 
panacea that will simultaneously resolve a multitude of challenges in providing services at 
reduced cost, lessening inefficiencies, and enhancing security. If there is such promise in the 
integration of infrastructure systems, however, then why is it not already the status quo? And if 
interest in its pursuit is widespread, then what evidence and knowledge are required for their 
realisation? Where is there need for structured learning, reflection and innovation? 
 
This thesis focuses on the contribution of urban planners1 involved in translating integrated 
infrastructure concepts into action. The practical approaches that these planners employ must be 
suited to delivering such integrated systems. The focus is therefore on how planning interventions 
can be more effective in supporting the realisation of integrated systems. The practical process of 
integration must be demystified. Planners must unpack what happens inside the ‘black box’ of 
complex integrated infrastructure planning. The knowledge, skills and tools needed for planners 
to actualise visions of integrated infrastructure in practice must be explored and shared. As an 
account of a research-driven exploration of the topic by an ‘apprentice’ urban planner, this text 
follows an approach partly grounded in empirical exploration, and partly informed by practical 
reflection.  
 

                                                        
1 ‘Planning’ and ‘planners’ will be used as shorthand terms throughout this thesis to reference the discipline 
of urban and regional planning and the professionals who practice in it. To use Vickers’ (1968) phrase of 
“planning is what planners do” may seem circular, but there is in fact no universal definition of ‘planning’. 
Since John Friedmann posed the question ‘What is Planning?’ (1987), many eminent planning scholars have 
responded with alternative propositions. A universal definition continues to elude, however, and as 
Alexander recently argued, its pursuit is likely a ‘futile’ exercise, as any definition will necessarily be 
contingent (2015:1). 
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In the context of global resource crises, this introductory chapter sets out the ways cross-sectoral2 
integration of infrastructure could offer a possible route to react to these crises (see Sections 1.1: 
‘Planning under pressure’ and 1.2: ‘Integrated infrastructure’). Section 1.3 (‘Challenges for 
planning practice’) reflects upon some of the main theoretical and practical knowledge gaps that 
currently challenge the significant upscaling of integrated infrastructure examples. A proposal is 
then outlined in Section 1.4 (‘Research focus’) for an intervention in integration practice that is 
believed to have potential for addressing some of the challenges faced. Finally, Section 1.5 
(‘Research structure’) outlines the research approach, including the research purposes, questions 
and structure. 
 

1.1 Planning under pressure 
 
Resource crises 
Global resource consumption is now at a level where it has surpassed the biosphere’s capacity 
for resource supply and regeneration (WWF 2014). Driven by the growth of the middle classes, 
who are typically characterised by high levels of resource consumption per capita, the projected 
demand for natural resource commodities will continue to accelerate. By the mid-2030s, twice the 
amount that our planet is able to supply will be required to meet this demand (World Bank 2012).  
 
The implications of this global resource overconsumption are bewildering. A myriad of 
interdependencies between different resource types, which includes materials, water and energy, 
mean that disruptions in the lifecycle of one resource can induce serious disruptions on the 
availability of another (Andrews-Speed et al. 2012). This can be observed for example when 
energy production is disrupted by a period of drought as water is used for cooling power 

generation processes. The long-term impacts of global overconsumption are even more 
perturbing: degradation of the environment, irreversible loss of biodiversity, scarcities of 
resources, depletion of some resources, and anthropogenic climate change (MEA 2005; IPCC 
2007; Rockström et al. 2009). Their combined impact on our global ecosystem has been so 
powerful and transformative that a new geological epoch has been designated: the Anthropocene 
(Zalasiewicz et al. 2011). The consequences of this era of human impact on this planet are more 
than likely to leave us grappling for the foreseeable future with issues of intergenerational, 
geographical and socioeconomic inequity. 
 
The crisis of resources consumption is also a crisis of waste. Whilst global waste figures are 
currently difficult to estimate, data for Europe highlights that only 20% is recovered or recycled, 
and 42% of municipal solid waste is landfilled (EEA 2009). Furthermore, many of our waste 
                                                        
2 A ‘sector’ is a description of the primary resource flow within an infrastructure network. Examples are 
electricity in an energy sector network; people in a transport sector network; and wastewater in a sewerage 
network. 
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treatment processes result in the often irreversible loss of large amounts of nutrients. It is 
estimated that 4.3 million tons of phosphorus, an irreplaceable mineral critical to food and biofuel 
production, are lost globally each year in wastewater treatment alone (Dockhorn 2009). 
 
More sustainable resource management regimes are required. At present policy-making in pursuit 
of such approaches favour propositions that achieve total reductions of resource use with 
increased provision of services from production, so called ‘eco-efficiency’ (WBCSD 2000; 
UNESCAP 2009). As eco-efficient approaches are more than likely a necessary, though 
insufficient, step towards a complete transition to sustainable development (Duchin and Lange 
1994; Kemp 1994; Allenby 1999; Ayres 1999), there is a widespread search for insights into how 
such eco-efficiency can be delivered in practice (EU-STOA 2013; PWC 2013; IISD 2015). 
 

Urban infrastructure 
In order to achieve a more ecologically secure future, there are both imperatives and 
opportunities for cities to facilitate transitions towards increasingly sustainable, eco-efficient 
economies (WWF 2012). As ‘users’ of resources, cities share in the responsibility for impacts of 
the magnitudes of global waste streams. A city resident generates on average four times as much 
waste as their rural counterpart (Hoornweg et al. 2013). As places, cities are the concentrations of 
global resource use, covering just 3% of the land surface whilst consuming approximately 75% of 
resource flows producing 50% of global waste (UNEP 2012). As destinations they are also the 
vulnerable and at-risk locales for natural or man-made disasters and disruptions, such as floods 
or major workforce strikes (Hodson and Marvin 2009; Albrito 2012; Muggah 2014). Yet crucially, 
as administrative units with access to local knowledge and stakeholder networks, they are often 
also actors with greater capacities for agile action in resource management policies than their 
national government counterparts (Bulkeley and Betsill 2005; Barber 2013). 
 
Built to mediate the supply and removal of urban resource flows, urban infrastructure networks 
have critical roles to fulfil in enabling improvement of the resource impact of cities (Guy et al. 
2001; Monstadt 2009; Hodson et al. 2012). The design and operation of infrastructure can be 
conceived and applied as instruments of sustainable development (Moss 2001) and may require 
considerable reconfiguration in order to enable more sustainable forms of urbanism (Hodson and 
Marvin 2010). Interpretations of what constitutes infrastructure vary widely from large technical 
networks such as roads, sewers, water supplies and energy sources, to more recent discussion 
on inclusion of more socially-oriented facilities such as green spaces, schools and leisure facilities  
(Marshall 2010; Weber and Alfen 2010). This work draws on one of several definitions of (urban) 
infrastructure from Fulmer (2009) and adapts it to focus on resources. Infrastructure is therefore 

defined as “the physical components of interrelated systems providing resource-based 
commodities and services essential to enable, sustain, or enhance societal living conditions in 
cities”.  
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Urban planners are a group of actors in instrumental positions in the governance of city 
development. They exert significant influence on the design and implementation of resource 
efficient infrastructure (Williams 2013). At their disposal typically is a range of mechanisms by 
which they can facilitate changes towards more eco-efficient development, ranging from provision 
of information through consultation, to financial levers using market-based (dis)incentives, 
collaborative action by mediating, regulation such as target setting and land use planning (Rydin 
2010), and crucially innovation through the introduction of novel ideas into the design process 
(Williams 2016). 
 
Planning under pressure 
Whether a planning officer within city government, an advising consultant, or a planner within a 

utilities operator, the context within which planners operate fashions the resource-based 
infrastructure services and related outcomes that they deliver. Their choices are shaped by 
contextual constraints, objectives and expectations. There are currently three prevalent 
considerations with particular influence on what planners seek to deliver on infrastructure 
development projects: value, resilience, and cost. 
 
Firstly, infrastructure plans will be appraised on the expected type and scale of value that they will 
add, as well as, conversely, to what extent they will minimise any social or environmental 
externalities. This typically includes assessments of the degrees of their environmentally sensitive 
or low carbon design. Planners are expected to have clear sight of the assumptions made about 
the nature of value added, as well as where its impact will occur. How far upstream or 
downstream are consequences accounted for? How local or regional are the benefits 
considered? Are the impacts of infrastructure planning complementary or in opposition to 
planning action in other sectors such as well-being and accessibility? 
 
Second, planners seek to deliver infrastructure that is secure and resilient. Infrastructure must be 
designed and operated to minimise disruptions to infrastructure service provision, reducing the 
vulnerability of cities to political and economic disturbances elsewhere in global, interconnected 
networks (Hodson and Marvin 2010, 2011). This typically involves reducing dependencies on 
distant non-local resource sources and sinks. Furthermore, planners are expected to enhance 
this security with embedding the ability to cope with future change within infrastructure plans. 
Enhanced robustness of planners’ decisions on infrastructure projects is typically achieved by 
increasing the number of redundancies within the networks (Dalziell and Mcmanus 2004; VEIL 
2010).  

 
Third, with many cities facing constrained budgets, planners are expected to provide 
infrastructure configurations that are both competitive and economical. The circulation of 
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resources for urban infrastructure service provision to citizens demands enormous capital and 
operational expenditures (WWF 2010). In part this is because urban infrastructure capital 
expenditure usually requires the redrawing of links, additional excavating, and extensive and 
costly construction labour. Infrastructure needs assessment exercises frequently report poor 
’scorecard’ performance and significant deficits in investment levels (see ICE 2014). Much of 
cities’ infrastructure (predominantly in developed countries) has aged past its intended design life, 
and the global scale of development for infrastructure replacement, repair, rebuild is estimated at 
around USD 40 trillion over the duration of the 2005-2030 period (Doshi et al. 2007). 
 
Lastly, besides the what, planners face expectations with regards to how they deliver 
infrastructure for cities. They are faced with a multitude of expectations that the planning process 
by which they deliver urban infrastructure is transparent, accountable and just (Bernstein 2001; 

Waldner 2004; Laurian et al. 2010). In order to deliver urban infrastructure for lower resource 
futures, the effectiveness and efficiency with which infrastructure is planned will need to be 
enhanced.  
 
 

1.2 Integrated infrastructure 
 
In an exposition of the unsustainable patterns of consumption in cities, Girardet (1992) made a 
powerful argument that the dominant way of thinking about resource flows in cities was critically 
limiting our collective capitalisation on potential opportunities for more eco-efficient resource 
management in cities. He asserted that the ways in which the supply, use and disposal of 
resources are considered are highly linear and that such linear thinking has led to increased 

consumption and increased waste disposal by failing to tap into potential for reuse of waste etc. It 
has been argued since that in order to attain sustainable urban development, urban production 
and consumption systems must be viewed as circular rather than linear processes (Girardet 1996; 
Rogers and Gumuchdjian 1998). A seemingly straightforward notion, it has since become an 
influential urban planning and development principle that has been branded under many guises, 
such as: ‘circular urban metabolism’ (Wolman 1965; Kennedy et al. 2007); ‘zero waste cities’ 
(Zaman and Lehmann 2013),  ‘cradle-to-cradle’ cities (McDonough and Braungart 2002); and 
‘closing the loop’ (Desrochers 2001). 
 
 
 
Closing the resource loop 
Transitioning from a linear to circular resource model involves reusing and recycling resources in 
output streams of one process in order to turn it into input material for another process. This 
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recovers resource-based value in waste by converting initial use of a resource stream to another, 
either as a functional whole, as components, as material, or as fuel (Lifset 2002). Examples 
include recycling wastewater for use in irrigation, reusing waste packaging as construction 
material, or the recycling of output industrial low-grade energy for heating public buildings. 
 
Closing previously distinct ‘stages’ in generic linear resource management lifecycles from 
‘production-consumption-disposal’ to ‘production-consumption-output-production-consumption-…’ 
leads to both reduced net disposal of waste, as well as net intake of, typically virgin or high 
quality, material (Chertow 2000; Korhonen 2002) (see figure 1 for a visual summary). When 
coupled with other measures that impact on the production and consumption stages, the closing 
of waste loops can yield even further reductions on the resource impact of cities. Examples of 
such measures include the introduction of renewable resources and ecosystem services  on the 

production side, and use of technology-based efficiency improvements and demand side 
management techniques on the consumption side. 
 
Figure 1. Transitioning from (a) linear to (b) circular, closed loop models in urban resource management 

 
 
 
Hodson and Marvin warn that as there will most likely always be a need for exogenous sources 
and resource ‘sinks’, “cities are never truly bounded or autonomous spaces” (2009:207). 
Therefore, they argue, complete circular independence from external relations is unattainable and 
must instead be conceived as a metaphor and descriptor for a way of thinking. Despite these 
limitations, however, the proposition is popular and Coutard and Rutherford (2011) identified 
closed loop thinking as one of four urban development approaches most likely to influence and 
actualise sustainable futures for cities.  
 
 
Integrated infrastructure 
The starting point for closing the loop is typically to look within a sector’s own traditional 
boundaries, such as e.g. energy, water, material waste, transport, and food (see McDonough and 

Material and energy inputs Waste and pollution

Linear resource use 
in a city system

Circular resource 
use in a city system

Reuse of resource streams

(a) (b)
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Braungart 2002). If relations beyond these sector boundaries are conceived, however, then the 
field of options is expanded and the opportunity for identification of other or additional mutually 
beneficial exchanges between participating parties enhanced (Jonsson 2000; Roelich et al. 
2015). Such cross-sectoral exchanges might include the reuse of municipal waste in incineration 
to generate electricity, integrating the waste and energy sectors, or the use of wastewater biogas 
byproduct as fuel for public transport vehicles, connecting the wastewater and transport sectors. 
Such enhancement of the production of infrastructure services through coordination of the 
different technical network components is termed an infrastructural ‘synergy’ (Jonsson 2000:83). 
It is this kind of cross-sectoral integration of infrastructure that can enable step changes in 
attaining eco-efficient cities (UNEP 2012) and is the focus for this thesis.  
 
Cross-sectoral infrastructure integration has been receiving much attention in the planning 

community (see Kennedy et al. 2010; World Bank 2010), where “infrastructure integration is the 
resurgent watchword as a key strategy for sustainable urbanism” (Neuman 2014:803). At present, 
this interest is arguably amplified by the emergence and growth of ‘smart’ city development 
concepts promising to tap into ‘smart ideas for smarter cities’ (IBM 2011), deliver 
‘smart+connected communities’ (Cisco 2012) and unlock previously unrealised potential for cross-
boundary system exchange and communication for cross-system benefits (LivingPlanIT 2016). 
 
Integrated infrastructure as defined for this research combines two distinct but closely related 
concepts: 1) cross-sectoral infrastructure synergies; and 2) circular, ‘closed-loop’ thinking. That is, 
integrated infrastructure comprises networks of cross-sectoral synergies that could in the long-
term contribute to a closing of resource loops in cities. Cross-sectoral infrastructure synergies 
(see figure 2) and ‘closed-loop thinking’ are first defined individually below and then summarised 
into one visual definition of integrated infrastructure in figure 3. 
 

1) cross-sectoral infrastructure synergies  
 

An infrastructure synergy comprises a mutually beneficial coordination of different 
technical components of two or more sectoral networks. There are three primary types of 
infrastructure synergies that can exist between multiple infrastructure networks when 
considering the proximity and basic function of network components (Jonsson 2000). 
Figure 2 depicts these synergy types. 
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Figure 2. Infrastructure synergy typology (adapted from Jonsson 2000:92). Synergies depicted are 
between two sectors3, denoted X and Y. Circles are nodes4; lines are links5; and arrows indicate the 

direction of resource flow6 

    
 
2) ‘closed-loop’ thinking 
 

A resource ‘loop’ describes the application of circular thinking in attempts to ‘re-internalise’ 
and ‘re-localise’ resource use (Hodson and Marvin 2009), with increased resource 
efficiency of overall service provision as the intended outcome. ‘Closing the loop’ is a 
description of a design principle rather than final outcome, as there will never be one 
definitive or singular loop in an infrastructure network. This is more easily interpretable 
when considering Hammarby’s network of reuse and recycling of resource streams in 
figure 4. 

  
Figure 3. Definition of integrated infrastructure 

 
 

                                                        
3 As introduced previously, sectors are a description of the primary resource flow within a network. 
4 Nodes are junctions within an infrastructure network where resources are produced, stored or processed. 
Examples include power generation plants, landfills and cooking stoves. 
5 Links are the connections between nodes in infrastructure networks. Examples include pipes, channels, 
and radio frequencies. 
6 Flows are the movement of resources through an infrastructure network. Examples include energy, heated 
water, and vehicles. 

system X

system Y

system X

system Y

system X system Y

I. co-located links

e.g. decreased energy use as waste 
heat from district heating pipe 
facilitates biological decomposition in 
adjacent sewer pipe

II. shared links

e.g. increased spatial concentration 
as blue-green waterways are used 
for waste transport

III. shared node

e.g. domestic waste used to 
generate electricity in combined 
heat and power plant
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Whilst arguably a complicated notion, this definition is proposed as it communicates the ‘what’ 
that constitutes the object of interest, whilst not losing sense of the ‘why’ context that provides the 
higher motivation for this work. Thus far no other research has explicitly separated out these two 
concepts. References to ‘infrastructure integration’ and ‘circular infrastructure’ are typically 
conflated and at times used interchangeably (see Vernay 2013; Pandis Iverot 2014). This 
research distinguishes between them as not all cross-sectorally connected infrastructure is 
circular (e.g. electricity use for operating flood pumps), and not all circular thinking involves cross-
sectoral synergies (e.g. 100% recycling of water on large-scale developments). 
 
The nature of these two concepts also differs: cross-sectoral synergies are descriptive of a 
physical realisation (the ‘what’); circular, ‘closed loops’ are about a way of thinking (the ‘why’). 
This is not to say that these concepts are unrelated: circular cities require holistic thinking, across 

scales and sectoral boundaries, and are expected to be more effectively realised where cross-
sectoral synergies exist. Similarly, cross-sectoral synergies are driven by rationales for reducing 
total resource use volumes. Therefore, whether actively or passively, they feed into thinking that 
is complementary to the application of circular, closed loop thinking. Their dissimilarities may also 
be considered to derive from the different scales at which these concepts play out: closed loop 
thinking focuses on the supra-network, city level; cross-sectoral synergies require attention at the 
smaller scale nodes and links level.  
 
Integrated infrastructure illustrated: Hammarby Sjöstad 
The above definition of integrated infrastructure is perhaps helpfully illustrated with an example. 
Hammarby Sjöstad is a district-sized development in Stockholm conceived as part of the city’s bid 
to host the 2004 Olympic Games. The project transformed a brownfield industrial area south of 
the city centre into mixed use residential and work area with 17,000 housing units. The vision was 
to create an urban district with an environmental performance twice as good as any built in 1995. 
Crucially, the utilities infrastructure was “to be designed jointly with the goal of achieving synergy 
effects from environmentally effective solutions with regard to energy supply/usage, water and 
sewage management, and waste management” (Stockholm Municipality 1996, emphasis added). 
It has become an exemplar of integrated infrastructure systems and is commonly referenced as 
the ‘Hammarby model’. It is illustrated in figure 4.  
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Figure 4. Hammarby model of circular, cross-sectorally integrated infrastructure (GlashusEtt 2006:15) 

 
 
 
There are tentative but indicative findings in the literature of how cross-sectoral and looped 
infrastructure fits within the issues most likely on planners’ consciousnesses (introduced in 
Section 1.1: ‘Planning under pressure’ as ‘value added’, ‘resilience’, and ‘cost’). First, the value 
propositions offered by infrastructure integration is attractive as it is able to promise unaltered 
service dimensions of volume, content and quality, but lessen environmental impact by reducing 
the overall service volume (Jonsson 2004).  
 
Furthermore, as Hodson and Marvin (2011) have argued, integrated infrastructure fits with 
resilience and security agendas as their localised, circular and renewable power-supported 
metabolisms enable autarkic operation of cities and developments and reduce vulnerability to 
external disturbances.  
 
Third, with regards to cost, the economic drivers for integrating cross-sectoral resource streams 
are derived from a function of multiple factors: investments at the time of initiation (real and 
avoided), economic savings (direct and indirect) and new revenues and costs incurred (Van 
Berkel et al. 2009). For example, nodes common to several networks and sectors imply fewer 
physical plants, installations, and other physical infrastructure, as well as the creation of 
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opportunities to make use of secondary products. Shared nodes can also indirectly lead to spatial 
concentration of public, commercial and social functions around nodes, reducing transportation 
requirements, energy use and overall land use (World Bank 2010). No published evidence exists, 
however, validating claims that circular integration in urban development leads to significant 
operational cost savings (see World Bank 2010; SymbioCity 2011). 
 
Finally, whilst greater integration of infrastructure is not a panacea for global resource crises and 
cities’ infrastructure challenges, there are likely opportunity costs associated with not exploring 
ways of increasing the degree to which this infrastructure model is realised, whether that be 
missed opportunities for better coordination of public services; reducing duplication of effort; or 
mitigating inflexible infrastructure network legacies. 
 

 

1.3 Challenges for planning practice 
 
Planning as a discipline is fundamentally about change; identifying what change might be 
possible, and managing the process by which such change unfolds (Rydin 2011). It requires an 
engagement with both theory and practice. As such, within a context of global and local resource 
pressures and the potential opportunity offered by cross-sectoral infrastructure synergies, this 
thesis focuses on investigating how planning can progress ideas of integrated infrastructure from 
theoretical concept into reality, and the implications this has for planning practice. In order to 
develop this opportunity for an improvement of practice, the current state of integrated cities and 
infrastructure, and extent of existing knowledge about the challenges to practice are considered 
as points of departure. This is preceded by some additional clarification of the research’s 

motivations for focusing on planning practice. 
 
Practice-oriented interests 
This research was undertaken in partnership7 with BuroHappold, a built environment engineering 
and planning consultancy, whose portfolio includes a significant focus on producing multi-
disciplinary masterplans8. As a firm, BuroHappold has a reputation for developing integrated 
approaches to planning and design, and was at the forefront of a mid-90s movement in the 
engineering industry towards greater use of cross-disciplinary teams to develop products and 
services for clients. 

                                                        
7 Formally this research was undertaken as Engineering Doctorate (EngD) research, in which a partnership 
between an academic institution, a researcher and an industrial partner has explicit intent to meet needs of 
‘practice’. 
8 A masterplan is a document that describes the ways in which an area will be developed. Typically this 
includes descriptions of future land use, infrastructure, landscape design and built form. The scope of an 
area can range from strategic planning at a regional scale to the level of a building. This thesis focuses on 
city-scale masterplans. 
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The original industrial and commercial motivation for this project was to capitalise on this culture 
and explore integrated infrastructure as a potentially discrete area of service delivery, as well as 
identify any related opportunities for BuroHappold to enhance its capabilities in the field of 
infrastructure planning. These interest are reflective of those of BuroHappold’s competitors, who 
are at present also working to distinguish themselves as experts in cross-disciplinary approaches 
to infrastructure and resource management for masterplans and city development: e.g. ARUP 
(‘integrated urbanism’); ATKINS (‘systems integration’); SWECO (‘integrated approach’), 
Bioregional (‘One Planet Living’); WSP (‘Systems Integration’). Competitive advantages will go to 
the consultants who can clearly position themselves as being at the frontier of knowledge, actively 
working with knowledge gaps, and innovating to offer greater effectiveness and efficiency of 
service to their clients. 

 
Status quo 
Recent years have seen an increase in city planning and engineering rhetoric that promotes the 
integration of networks across traditional system boundaries (see World Bank 2010; TSB 2012; 
HMT 2014; FCC 2014). In a survey of 50 global cities, 80% of cities surveyed responded that they 
see major opportunities in the foreseeable future from increased system integration 
(ClimateGroup 2013). 
 
This enthusiasm for integrated infrastructure has extended to suggestions that the Hammarby 
model could act as a blueprint to be transferred into other developments in order to brand these 
exemplars in the field of sustainable development (see Yan and Girardet 2006; Pandis Iverot and 
Brandt 2009; Hodson and Marvin 2010). Such notions are arguably propagated by commercial 
architects, planners and engineers, who promote the export of urban development principles into 
different contexts, which includes closed loop planning solutions creating a demand for a product 
that they are able to supply (Hult 2013; Rapoport 2014). One particularly notable self-marketing 
effort, actively promoted and supported by the Swedish government via their international 
development agency, is SymbioCity9 - a formal export mechanism for planning and design 
services overtly branded with notions of integrated infrastructure cities. 
 
However, despite enthusiasm and almost 50-year history of existence of notions of circular, 
integrated infrastructure (Wolman 1965; Kennedy et al. 2014), their realisation has been limited 
and remains an exception rather than the norm. Several well-publicised cross-sectoral, circular 
developments, such as Dongtan in China, have not made it from masterplanning into 
implementation stage. Only a handful of city masterplans branded with integrated infrastructure 

and circular, closed loop development are operational worldwide. These include Hammarby 

                                                        
9 See www.symbiocity.org. 



1. Introduction 

 14 

Sjöstad in Sweden (Pandis Iverot and Brandt 2009; Williams 2012); Vaxjö also in Sweden (Vaxjö 
Municipality 2011); Almere in the Netherlands (DuurzaamheidsLab Almere 2010); and the 
national eco-towns in Japan (Van Berkel et al. 2009). Furthermore, of those integrated 
infrastructure projects that do make it into construction, often much of the initially conceived 
cross-sectoral designs are abandoned (see Pandis Iverot et al. 2010) and designs revert to 
traditional intra-sectoral improvements.10 
 
Three observations of particular relevance to practice can be made on this status quo of high 
enthusiasm for, but low realisation of, integrated infrastructure as part of city planning and 
development. 
 
First, there is little published research specifically on integrated infrastructure systems, little critical 

review of the status quo, and almost no record of the experiences of how the planning unfolded in 
practice. There is therefore a lack of empirical evidence from which we can deduce patterns in the 
barriers and challenges that are encountered during the planning, design and delivery of 
integrated infrastructure systems. This has resulted in limited knowledge explaining the current 
limited state of realisation of integration projects. For practitioners, the effect of this is a 
heightened perception of cross-sectoral integration as a risky, costly route to pursue on 
infrastructure projects, making it much more challenging to ensure the necessary buy-in from 
project sponsors.  
 
Additionally, opportunities for learning and innovation of practice are limited by a lack of 
documentation of experiences in integration practice. Limited empirical reflection and 
understanding of the critical mechanisms underpinning integrated infrastructure planning result in 
restricted insight into the ways planning practices can be adapted to more effectively deliver 
integrated infrastructure. This could include insights clarifying issues such as: how principles of 
integration can better be introduced into the planning process; how the integration process could 
be better embedded throughout the planning and implementation phases; whether or not there is 
a logic that should shape the sequencing of the planning process; which roles planning 
practitioners should fulfil; etc.   
 
Finally, even though the process of their planning, design, and implementation appears a rich and 
complex process, there is little documentation available with propositions for how to deliver 
integrated infrastructure. Two practical guides are known of: the World Bank’s Eco2 Cities: 
Ecological cities as economic cities (World Bank 2010) and Symbiocity’s The SymbioCity 
Approach (SymbioCity 2012). Both are useful reference texts, though each with individual 

                                                        
10 For example, despite being branded as a cutting edge integrated infrastructure city (see SWECO 2011), 
China’s Caofeidian city now draws on sector-based technologies alone, such as pneumatic waste system 
and renewable energy plants  (Joss and Molella 2013). 
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limitations. Eco2 Cities is highly conceptual in nature and provides minimal practical directions or 
guidance on methods and techniques to be employed to support integration. SymbioCity has 
more explicit ambitions as a manual for implementing a Hammarby-like model elsewhere. In 
terms of content, however, it contains more practical how-to guidance for sustainable urban 
development planning in general, rather than that of infrastructure integration per se.  There 
therefore remains a lack of advice on initiating integration processes, engaging stakeholders, 
ensuring longevity of the project, managing costs, etc. 
 
Enhancing integration: a wicked research problem 
At the outset of this research there was no definitive problem statement capturing why 
progression of integrated infrastructure ideas into reality is challenging. Decision-making about 
where the problem boundary should be set remains distributed among multiple stakeholders. 

Importantly, these stakeholders come from different sectors and disciplines, each with their own 
world views and traditions of analysis and interpretation. They also approach integrated 
infrastructure from different operational contexts, such as city officials, engineers, planners or 
utilities operators. It is therefore posited that the problem challenging planning practice for 
integrated infrastructure is a wicked problem - one that can be described but eludes definitive 
definition and of which knowledge is distributed and subjective (Rittel and Webber 1973).  
 
Wicked problems are not amenable to standard problem-solving procedures (Conklin 2001). They 
have no stopping rule, and there is no conclusive set of alternative solutions for them (Conklin 
2001; Coyne 2005). Rather than provide clear, linear pathways to their resolution, they require 
exploration, new discoveries and incremental adjustments. Each attempt to develop a solution 
supports an improved, shared understanding of the problem as a whole (Uhl-Bien et al. 2007). 
  
In academic research, working and engaging with wicked problems remains an evolving and, to a 
large extent, emerging effort. Much of the research that addresses such ill-structured problems 
largely comprises repetitive descriptions of the reality of their wickedness, as opposed to 
compelling theoretical or empirical investigations to resolve them (Xiang 2013). Within planning 
research, despite the fact that most planning problems are wicked problems (see Hall 1978), the 
focus is too often primarily on raising awareness, calls for acceptance, and advocacy of creative 
adaptation strategies and innovative approaches. To date, however, little has been reported in 
published planning literature on how such research approaches for engaging with wicked 
problems can be realised. 
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1.4 Research focus 
 
An exploration of integrated infrastructure planning practice necessitates an approach capable of 
engaging with the wide range of challenges encountered, as well as capable of engaging with 
stakeholders across multiple sectors and disciplines. Two ‘lenses’ are proposed to focus such an 
encompassing yet in-depth approach from which a research proposition is constructed: the first a 
mindset to structure considerations of practice known as ‘systems thinking’; the second a focus 
on a particular stage in the lifecycle of a planning project, namely the strategic planning phase. 
 
Systems thinking lens 
Any proposition made by this research must be able to explore the cross-sectoral, holistic picture 
of integrated infrastructure planning practice. It should balance breadth with depth in its approach, 
as well as allow for a wide diversity of objects and processes considered, such as technical 
infrastructure components, socio-technical elements, stakeholder objectives, and the wider socio-
political context. Additionally, it should be capable of overcoming the commonly encountered 
sectoral and disciplinary fragmentation within urban infrastructure development practices. 
 
The research proposition also needs to be grounded in an approach that avoids the reductionist 
tendencies currently still dominant in planning practice (Innes and Booher 2010). When seeking 
to make sense of complex problems, planners have historically reacted by seeking to reduce it 
into its component parts. Reduction of such wicked, complex problems loses the holistic picture 
perspective and masks their critical and emergent behaviours. This not only reduces the 
likelihood of identifying feasible opportunities for improvement, but also increases the vulnerability 
of the integrated design to unforeseen consequences. Therefore, an approach that makes the 

complex manageable without losing  insight into its critical emergent features is desired. 
 
An approach that addresses both of these requirements can be derived from the ‘systems 
thinking’ paradigm (Capra 1996; Meadows 2009). Systems-based approaches principally 
comprise the representation of a situation in terms of diverse interacting elements situated within 
a wider, complex environment, allowing for a holistic, non-reductionist perspective on a 
problematic situation (Mingers and White 2010). By drawing on concepts not bound to any 
particular discipline, such as ‘boundary’, ‘behaviour’, ‘structure’, ‘hierarchy’, etc., systems-based 
approaches are particularly suited to cross-disciplinary explorations.   
 
Systems thinking is not unfamiliar in city planning. There has been much advocacy recently for a 
‘city systems approach’ or ‘one system approach’ for urban infrastructure planning (Suzuki et al. 
2010; FCC 2014; Foresight 2016). While there has been much advocacy for its use, however, a 
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comprehensive description is lacking for what exactly systems thinking entails in action for 
infrastructure planning process and practice. 
 
Strategy development lens 
Planners are often expected to look towards distant, future time horizons and make sense of any 
emergent implications for nearer-term decisions and actions (Swain 2016). The nature of change 
in cities means that some infrastructure planning outcomes may not be realised until years or 
decades later. Though no formal model exists for the lifecycle of a planning project, in practice 
planners conceive phases familiar to those used in project management: an initial concept 
scoping and strategy development phase; followed by detailed design of selected options; 
followed by the implementation of a plan or delivery of services; and finally decommissioning 
(APM 2014).  

 
This thesis focuses on exploring the relationships of the early strategy development phase to 
integrated infrastructure development overall. This focus is in part motivated by the strong 
interests of the industrial partner, BuroHappold, in researching and developing existing 
knowledge gaps in this area. A second motivating rationale derives from the potential impact that 
interventions in this early planning phase could have on the practice of integration planning. 
Activities during early project phases can exert considerable influence across the lifecycle, 
whether by enhancing the development process’ efficiency by providing greater clarity of the 
requirements for the design phases, or by impacting the process’ overall effectiveness by 
focusing actions on clearly identified needs. In practice, however, strategic work in the project life 
cycle of infrastructure planning projects is often poorly structured and planners generally poorly 
equipped to elicit essential strategic objectives and assumptions (Dimitriou 2007). 
 
Proposition: make use of Problem Structuring Methods 
This work seeks to develop holistic, systems-based approaches that take into account and align 
stakeholders’ individual objectives in order to guide individual integrated infrastructure 
development projects from the conceptual phases eventually into operational phases. The focus 
is therefore on identifying approaches that are useful during the earlier strategic phases of 
infrastructure development and capable of addressing fragmentation and uncovering 
opportunities. 
 
This research proposes that an existing set of tools, known as ‘Problem Structuring Methods’ 
(PSMs), can be used to support early strategic phases of infrastructure development.11 

                                                        
11 PSMs were not presumed a ‘solution’ to the challenge of infrastructure integration from the outset of the 
research project. Instead, a proposition for its use emerged over time as initial evidence of the challenges 
was collected and analysed. Whilst in practice iterative, the process by which the proposition was developed 
is documented as a linear narrative in this thesis. The following sub-section provides further detail of the 
structure and research narrative followed throughout the chapters. 



1. Introduction 

 18 

 
PSMs comprise a set of non-quantitative decision support instruments that focus on facilitating 
collaboration across different areas of expertise. They were designed for addressing problems 
characterised by high levels of complexity due to the inter-relationships between different problem 
elements, as well as high levels of uncertainty originating from external and internal problem 
aspects. They typically also engage with problems characterised by significant levels of conflict in 
their cognitive and political dimensions (Rosenhead and Mingers 2001). PSM interventions are 
centred on conceptual models that use words, pictures and/or numbers. They aim to represent 
people’s understandings of a problematic situation, the assumptions underpinning a particular 
stakeholder’s perspective, and the activities that might improve the situation. Predominantly these 
models are constructed collectively in a workshop environment. While PSMs develop a common 
understanding of an issue, they do not necessarily achieve consensus. Instead, the outcome may 

alternatively comprise an agreed understanding of the differences between people’s perspectives 
and the possible accommodations (Checkland and Scholes 1990). 
 
PSM approaches have a long history of application in sectors such as healthcare and 
organisational development (for reviews see Mingers and Rosenhead 2004; Franco and 
Montibeller 2010). However, despite their potential value and contribution to planning, PSMs have 
remained largely unfamiliar to practitioners working in the areas of urban and infrastructure 
development. A systematic demonstration that the use of PSMs can address some of the existing 
challenges encountered in current integrated infrastructure strategy development practice will be 
instrumental to discussion of whether, and where, they could provide greatest support and value 
to practice. 
 
 

1.5 Research structure 
 
In order to support practice, research should resolve problematic situations by both reflecting on 
them, as well as engaging with them. Reviews by the academic planning community have 
observed, however, that theoretical insight is insufficiently translated into practice, and vice versa 
(Balducci and Bertolini 2007). Methodologically, in order to more systematically bridge reflection 
and action, this means that planning research should endeavour to engage in both problem 
definition and solution testing (Straatemeier et al. 2010). As a practice-focused thesis, the two-
part organisation of core content reflects these two distinct but related exercises: ‘Part I: 
Understanding’ and ‘Part II: Resolving’. 
 
 
 



1. Introduction 

19 19 

Part I: Understanding 
The first part will develop an understanding of the nature of the problem faced in integrated 
planning practice. It will draw on empirical accounts of practical challenges encountered on 
precedent and current strategic planning of integrated infrastructure, and will establish regularities 
in these experiences. It will then establish the entities and mechanisms that can account for 
producing the regularities in challenges encountered.  
 
Part II: Resolving 
The second part will focus on resolving some of the challenges uncovered by intervening in the 
process with PSMs. It will asses the effects of the use of PSMs upon the performance of the 
planning process as a means of informing decision-making about planning practice and improving 
future projects. 

 
Research purposes 
Explicit acknowledgement of the type of knowledge contribution that a research project is 
intending to provide can make it more focused in meeting objectives (Blaikie 2007). This research 
has four distinct, closely related, research purposes separated across the two parts introduced 
above (understanding, resolving): 
  
Part I 

• to describe the challenges encountered during strategy development for integrated 
infrastructure planning projects; 

• to explain the mechanisms that give rise to these encountered challenges; 
 
Part II 

• to change the approach taken on a selection of integrated infrastructure projects in order 
to address some of the challenges experienced, specifically by intervening with PSMs; 
and 

• to evaluate the performance of PSMs in supporting the practice of integrated 
infrastructure planning. 

 
Research questions 
Four primary research questions structure the research. They inform the purposes outlined in the 
previous section:  
 

Q1. What challenges do planners encounter during the strategy development for integrated 

infrastructure projects? 
 
Q2. Why do the identified challenges arise on integrated infrastructure planning projects? 
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Q3. How can PSMs support the integrated infrastructure planning process? 
 
Q4. What are the impacts of using PSMs in the practice of integrated infrastructure 

planning? 
 

Research outline 
This thesis consists of 9 chapters organised into four sections. The sequence of these sections 
loosely reflects the experiences of this research and is outlined in figure 5.  
 
The first section (Chapters 1, 2 and 3) provides the context and design for the research. Chapter 
1 introduced the role of integrated infrastructure, which incorporates circular thinking with cross-
sectoral synergies, and its potential role in mitigating global, urban resource crises. It establishes 

the research focus on the practice of planning and use of systems thinking and strategy 
development lenses to do so. It briefly introduces the proposition developed more thoroughly 
within the research that the use of PSMs can support the practice of cross-sectoral infrastructure 
integration.  
 
Perhaps unconventionally, the research design in Chapter 2 (‘Methodology’) precedes a review of 
existing literature in Chapter 3 (‘Relevant work’). This permits an introduction of the critical realist 
principles that provide the philosophical foundation of the research. This provides the common 
platform that enables engagement within this thesis with systems thinking, planning theory and 
practice, PSMs, and evaluation theories. It also provides a set of assumptions about validity and 
transferability with which the existing literature is reviewed. A research design is developed from 
critical realist methodological principles, using retroduction as its main logic of enquiry. A case 
study approach using multi-methodology in data collection and analysis of integration experiences 
and PSM workshops within BuroHappold is outlined.  
 
Chapter 3 (‘Relevant work’) provides an overview of four somewhat disconnected areas of 
research that have informed this research. First, the current state of knowledge of cross-sectoral 
integration in urban infrastructure is covered. Second, three trends within planning theory and 
practice are reviewed: a turn towards more collaborative planning approaches; the rising interest 
in strategic planning approaches; and the relevance of developments in complexity theories and 
complex adaptive systems for our understanding of practice. Third, the Operational Research field 
of problem structuring methods and key knowledge gaps are reviewed, as well as their history of 
engagement in urban planning. Finally, the chapter concludes with an overview of the state of 
theory and practice in the evaluation of planning support, which draws on some of the insights 

developed in the PSMs evaluation literature. 
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Part I (‘Understanding’) constructs an understanding of the challenges encountered in integrated 
infrastructure planning practice. Its constituent chapters (Chapters 4 and 5) each correspond to 
one of the first two research questions. Chapter 4 (‘Challenges’) describes practitioner 
experiences of planning integrated infrastructure and summarises these into five thematic areas 
of challenges. Why these challenges arise is explained in the following chapter (5: ‘Mechanisms’) 
using a qualitative complex adaptive systems model. It identifies four invisible, underpinning 
mechanisms that give rise to the challenges and opportunities created on integration projects. 
 

Part II (‘Resolving’) focuses on resolving some of the challenges identified. Its constituent 
chapters (Chapters 6 and 7) each correspond to one of the last two research questions. Chapter 
6 (‘Intervention’) develops a proposition for the use of PSMs in integration practice in order to 
resolve some of the challenges identified in Chapter 4 (‘Challenges’). It tests this proposition on  

integrated infrastructure projects within BuroHappold (Chapter 6). Chapter 7 (‘Evaluation’) 
assesses the impacts of these PSM interventions on integration practice.  
 

The fourth and final section (Chapters 8, 9) provides overarching reflections on the work of Parts I 
and II. Chapter 8 (‘Reflections’) reviews some of the lessons learnt about the nature of integration 
practice and the impacts of PSM use. Chapter 9 (‘Conclusion’) provides a summary of the 
research contributions, findings, recommendations, and areas for further research.  
 

Figure 5. Structure of thesis 
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2. Methodology 
 
 
Research involves a series of linked decisions and assertions about what should be done, in what 
way and why. These decisions range from considerations about the researcher’s role in the 
process, to choices about the approach taken, specific logics applied, as well as decisions 
regarding methods to be used for data selection, collection and analysis. While different in their 
scope and nature, each of these decisions will in turn be underpinned, either implicitly or 
explicitly, by a set of assumptions and beliefs about the process by which research creates or 
contributes to knowledge (Chua 1986; Guba 1990). A methodology constitutes the primary 
apparatus of research for weaving these decisions and beliefs into a coherent design fit to fulfil 

the research purposes (Bryman 2008).  
 
Studied consideration of ontological and epistemological beliefs and assumptions provides a 
useful means for enhancing the compatibility of multiple methodological decisions (Blaikie 2010). 
Furthermore, because these decisions introduce by their very nature introduce constraints early 
during the research process and determine what a project could or could not accomplish, a 
transparent account of methodological design rationales employed is useful for later critical 
reflection on the relative merits and handicaps of specific research activities. This will in turn 
facilitate external appraisal of  the research contributions as a whole.  
 
This chapter first outlines the primary philosophical and theoretical assumptions made within this 
research. These draw on experiential approaches to practice-oriented research and ground them 
in critical realist philosophy (Sections 2.1 and 2.2). A retroductive process is outlined for the 
interpretation and analysis of data (Section 2.3), and an overarching methodological framework 
presented that aligns these three elements (experiential approaches, critical realist philosophy 
and retroductive processes) for responding to the four research questions (see figure 9 at the end 
of Section 2.3). The chapter then outlines details of the data collection (Section 2.4) and analysis 
methods used, including reflections on the researcher’s positionality (Section 2.5). 
 
 

2.1 Research approach 
 
In order to generate knowledge useful to planning practitioners for enhancing the outcomes of 
planning activities, Schön (1983) argued that the theory of planning and action in planning must 
be explicitly linked. Within the planning community, however, he observed that the two were 
largely considered the distinct domains of planning research and planning practice respectively. 
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Drawing on educational theories that focused on understanding of the nature of knowledge about 
practice, as well as the learning processes both for and within practice, he proposed that the 
development of planning by any individual requires engagement with both reflection and action. 
Since Schön’s seminal work on reflective planning practice, planning research and action have 
largely remained separate activities, however (Balducci and Bertolini 2007; Lord 2014). Only 
recently was a methodological approach to planning research proposed by Straatemeier et al. 
(2010) that builds explicitly on Schön’s model of learning about and for practice: ‘experiential 
learning’. 
 
Much of Schön’s work was influenced by Dewey’s (1938) early contemplations on the relationship 
between thought and action. Experience, he argued, provides the most effective situation for 
learning about action, and learning about practice must therefore happen ‘by doing’. The value of 

this learning for the improvement of action, he further argued, is leveraged by ‘reflective thinking’, 
such as when a problem arises out of present experiences, suggestions for a solution come to 
mind. This is consequently followed by the formation of a hypothesis, which is then acted upon, 
and finally tested through observation of empirical data. 
 
Later Lewin (1948) observed that much of the existing research about practice remained 
predominantly theory-oriented and observation-based. In response, he advocated approaches 
that pursued the development of knowledge about practice as a “social learning and problem-
solving process” (Kolb 1984:22). Specifically, he became most well-known for his advocacy of an 
engagement-based approach that purposefully used research as a tool for intervention in 
practice; an approach that he described as ‘action research’. Action-based research typically 
comprises two stages: the first a diagnostic stage with focus predominantly on reflecting on a 
problematic situation; the second, a therapeutic stage involving responsive action (Barton et al. 
2009). 
 
Drawing heavily on the work of Lewin, a multi-dimensional process of linked activities, now often 
used as a model for action research (see Kemmis and Mactaggart 2000), was later articulated by 
Kolb (1984). Known as the ‘experiential learning cycle’ (shown in figure 6), it describes a process 
where knowledge about practice is developed by beginning with a concrete experience, from 
which observations and reflections are made about the state of the status quo. These lead to the 
formation of abstract concepts and generalisations, which can include ideas for needed change, 
upon which the implications of these concepts are tested in new situations. This ultimately leads 
back to experience, highlighting the continuous nature of learning. The alternation between 
reflection and action-based activities captures the bilateral nature of their development: theory 

can contribute to action, and action can contribute to theory. 
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Figure 6. Experiential learning cycle (after Kolb 1984:21) 

 
 
Experiential planning 
As a practice-oriented discipline, planning research has a role not only in the intervention in 
planning practice, but also in the mediation between theoretical and practical learning and 
development (Balducci and Bertolini 2007). Much planning research fails to bridge between these 
two domains, however, and focuses predominantly on description and explanation alone 
(Straatemeier et al. 2010; te Brömmelstroet and Schrijnen 2010).  
 
Straatemeier et al. (2010) articulate an explicit link between Kolb’s experiential learning cycle and 
planning research practice. Planning research, they argue, should bridge the theory-practice gap 
by covering all of Kolb’s four experiential learning stages, iteratively moving between the 
respective knowledge domains of planning theory and knowledge of planning practice, in an 
approach they coin ‘experiential planning’. As they believe sequential case study use is a 
methodological requirement for the advancement of planning practice, they modify Kolb’s 
experiential learning cycle to make the connection more apparent (see figure 7).  
 
Figure 7. Experiential planning (adapted from Straatemeier et al. 2010). There is close similarity between 
the experiential planning cycle stages and four defined research purposes (Section 1.5: ‘Research 
structure’). The significance of this similarity will be discussed in a following section in this chapter (Section 
2.3: ‘Research framework’) 
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While the defined stages provide clarity about research purposes within the design of planning 
research, the proposition by Straatemeier et al. (2010) does not, however, fully elucidate the 
logical mechanism by which the knowledge developed in one stage leads into the consequent 
one (e.g. the methodological rationale by which ‘observation and reflection’ are a pre-requisite for 
‘the forming of abstract concepts’). More explicit engagement with the underpinning philosophical 
assumptions would clarify the linkages and compatibility between the proposed sequence of 
activities for planning research design. 
 
Implications for experiential EngD research within the field of planning 
Throughout the course of this project there was implicit understanding between the researcher, 
academic supervisory team and industrial partner that the underpinning study should endeavour 
to support learning about planning practice wherever feasible, empowering both colleagues and 

other stakeholders in the infrastructure planning process, wherever possible or appropriate. From 
the outset, the research was expected to leverage an opportunity for the project’s sponsors to 
structure a potential improvement in a problematic, practical situation that characterised their 
experiences in integrating infrastructure systems. Though the links were initially not made 
explicitly, this resonated strongly with the founding rationale for the industrial EngD programme, 
where industry-based research projects are intended to contribute to practice through reflective 
thought and action-based learning within the environment of the subject practice itself (Godfrey 
2012). Therefore, not only in terms of its subject matter but also its role in a wider programme for 
practice-oriented research, this EngD collaboration could be argued to have been shaped by 
principles of action research from its inception.12 
 
While a case is actively made in this thesis for an experiential approach to research in order to 
inform and change particular planning practices, it acknowledges that use of the associated four-
stage cycle for knowledge development introduces risk to the quality of the research’s outcomes. 
Attempting to advance through a complete cyclical experiential sequence within one doctoral 
project risks compromise in the levels of rigour and richness of knowledge typically achieved in 
more traditional planning research projects that predominantly focus on only a single or smaller 
subset of knowledge development stages (i.e. typical descriptive and explanation-only planning 
research projects, as characterised by Straatemeier et al. 2010). This EngD project justified its 
decision to pursue breadth with some depth in knowledge types (as opposed to depth with little 
breadth) from the outset with an assumption that this could potentially achieve greater total 
research value for the two main stakeholders involved (academic and practitioner). It was also 
assumed that in moving through multiple reflection stages, an opportunity would arise to explore 
the theoretical and practical implications for experiential EngD research. In the accounts that 

                                                        
12 Each EngD centre has a unique mission. Whilst an action-based approach is not explicitly acknowledged 
at the UCL Centre for Urban Sustainability and Resilience, it is at other EngD centres such as the Bristol 
Systems Centre (see Yearworth and Edwards 2014). 
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follow of work done for this EngD project, there is therefore repeated reflection on the practical 
and methodological experiences in progressing through the linkages connecting the different 
experiential planning stages. 
 
 

2.2 Research paradigm 
 
An understanding of the relationship between abstract theory and practical experience requires a 
viewpoint on what the world is and related beliefs about how it can be investigated. A research’s 
‘paradigm’ captures the related set of philosophical perspectives with which a research project 
attempts to understand the world, while connecting it to experience. 
 
Research paradigms are constructed from sets of ontological and epistemological assumptions. 
The former comprise the researcher’s beliefs about the nature of reality, spanning considerations 
about what the world is made of, and the ways in which its different components interact with 
each other. The latter comprise beliefs about the nature of knowledge itself. That is, the means by 
which reality can be known, the kinds of knowledge that are possible, and the ways by which the 
adequacy of knowledge can be judged. 
 
Critical realism 
This research adopts a critical realist philosophy (Bhaskar 1975, 1998; Keat and Urry 1981; Sayer 
1992; Danermark et al. 2002). It is used as the fundamental research paradigm because its 
primary mission is to inform research approaches seeking to derive causal explanations for 
complex phenomena in a holistic manner. It has been described by some as an alternative that 

sits somewhere between the two more historically prevalent philosophical paradigms of positivism 
and interpretivism (Wynn and Williams 2012).13 Critical realism is a relatively new but increasingly 
influential philosophy for conducting research (Reed 2009; Wynn and Williams 2012). Extant 
critical realist-based research spans a growing range of disciplines, such as sociology (see 
Pawson and Tilley 1997); economics (see Lawson 1997; Downward et al. 2002); management 
(see Fleetwood 2005); Information Systems (see Mingers 2004; Smith 2006); and geography 
(see Pratt 1995; Yeung 1997). As it is a relatively little known paradigm within planning research, 
the following section outlines critical realism’s primary tenets in order to highlight and clarify the 
assumptions underpinning the decisions made in subsequent methodological sections. 
 
 
 
                                                        
13 Positivism assumes an objective reality, where cause and effect require little attention to the mechanisms 
that link them. Interpretivism holds that reality is a subjective construction and can thus only be understood 
through analysis of actors’ interpretations and actions. 
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Ontology 
There are principally four ontological assumptions that underpin critical realist philosophy (Wynn 
and Williams 2012). First, there is a reality independent of human knowledge or our ability to 
perceive it. Experience by humans constitutes only a portion of the real world. 
 
Second, reality is stratified into three nested domains, illustrated in figure 8. The Real domain 
includes all of the entities that make up reality. The relationships between these entities give 
‘structure’ to the real world. The potential, or causal ‘power’ of structures to bring about change 
constitutes a ‘mechanism’. The Actual domain contains events14 that occur when mechanisms in 
the Real domain are enacted, regardless of whether or not their effects are observed by humans. 
The Empirical domain contains the subset of actual events generated that can be experienced via 
perception or measurement. These empirical events are therefore only a subset of the actual 

events generated (Archer 1995; Sayer 2000). 
 
Figure 8. The nested Real, Actual and Empirical domains (Mingers 2006:23). Structures in the Real domain 
are not deterministic, where not all mechanisms that exist in the Real domain are activated to produce 
events in the Actual domain. Similarly, not all events that occur in the domain of the Actual when a 

mechanism is activated are perceived in the domain of the Empirical15 

 
 
Third, powers of structures emerge from the interactions between their constituent entities. They 
cannot be identified by simply aggregating the properties and powers of individual entities. As a 
result, the choice of a particular analytical focus means that access to other levels of analysis (i.e. 

                                                        
14 Events exist at different scales, both spatially and temporally. They can range from a decision, to a 
workshop, to a conversation, to a sharing of information, etc. 
15 An example provided by Wynn and Williams (2012) illustrates the relationship between structures, their 
power, mechanisms and events across the three domains: copper is comprised of entities of electrons. It has 
the power to conduct electricity because of free electrons that exist in the atoms. This power is present in a 
piece of copper, irrespective of whether it is connected to an electrical circuit or not (Real domain). When 
connected to a circuit, the power to conduct activates the conduction mechanism that causes an event to 
occur where copper conducts  (Actual domain). Only when touch or an electrometer are applied, however, 
do we have empirical experience of these events (Empirical domain). 
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moving between observations and reflections about individual behaviour and group behaviour) is 
not a straightforward exercise (Easton 2010).  
 
Finally, reality is an open system in a dynamic, variable environment. This means that events are 
not only dependent on causal powers of a structure, but also the changing contextual conditions 
and evolving properties of other components within a structure. It can therefore not be assumed 
that mechanisms enacted in a given system and context will generate identical events if they 
were enacted in future (Sayer 2000). There will, however, be patterns in the outcomes of 
repeatedly activated mechanisms. Consequently, consideration of a causal relationship should 
always make explicit the focus on particular tendencies of a mechanism within a specific 
contextual environment at a specified time. 
 

Epistemology 
There are five closely related critical realist epistemological tenets (Wynn and Williams 2012). 
First, human knowledge of the world is fallible and socially constructed (Sayer 1992). The real 
domain cannot be directly accessed. Empirical experiences in a given situation must therefore be 
analysed instead to infer what the world must be like in terms of underpinning, real structure and 
mechanisms (Mingers 2014). This does not imply an epistemological relativism; it does, however, 
signify that some theories approximate reality better than others. Rather than uncover general 
laws, critical realist studies seek to understand the underlying causal structure and mechanisms 
that explain specific types of events.  
 
Second, as a set of events will rarely lead to identical outcomes in an open, dynamic system, 
critical realist approaches focus on explanation rather than prediction (Sayer 2000). It is the 
existence of regularities in the outcomes of events that means that the development of, for 
example, national policy design or planning interventions for a range of similar contexts is not a 
philosophical fallacy.  
 
Third, critical realist approaches seek to explain specific phenomena by focusing on mechanisms. 
Their attention is on the fundamental nature and capabilities of the things researched rather than 
simply their measurable properties. The chronology of events often serves as evidence for 
identifying mechanisms that drive association between events (Hedstrom and Swedberg 1998).  
 
Fourth, as mechanisms are unobservable, knowledge of reality is not always based on an ability 
to be perceived, where “observability may make us more confident about what we think exists, but 
existence itself is not dependent on it” (Sayer 2000:12). The use of hypothetical entities and 

powers that might account for mechanisms is therefore a critical part of the process of knowledge 
production.  
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Finally, there will typically be multiple sets of possible and plausible explanations of mechanisms 
that could have produced observed outcomes. Interpretation is complicated by the possibility of 
multiple explanations for an event, each with different contextual conditions and structural 
hypotheses, yet that each lead to similar outcomes (equifinality), as well as explanations that 
draw on similar initial conditions and mechanisms leading to varying end effects (multi-finality). 
The challenge for research is establishing an acceptable means of judging which explanation is 
the most plausible, and research should make explicit assumption in navigating such choices. 
 
Systems thinking 
The application of systems thinking is a key area of interest within this study, for reasons 
previously discussed in Section 1.4 (‘Research focus’). Despite its sometimes questionable 
utilisation in practice, it is currently enjoying a period of significant popularity, and holds the 

promise of a non-reductionist perspective for resolving problematic, multi-disciplinary situations, 
such as the cross-sectoral integration of infrastructure. For the sake of ensuring compatibility 
between all methodological and theoretical principles incorporated, as well as elimination of 
unnecessary redundancies, the philosophical overlap between systems thinking and critical 
realism is considered and made explicit in this section.  
 
Systems thinking offers both a way of looking at the world and a means for engaging with it 
(Senge 1990). Therefore, where critical realism spans both ontological and epistemological ideas, 
systems thinking is predominantly within the domain of the latter. Checkland appropriately 
cautions us:  

[We] need to remind ourselves that we have no access to what the world is, to ontology, only 
to descriptions of the world, … that is to say, to epistemology. … Thus, systems thinking is 
only an epistemology, a particular way of describing the world. It does not tell us what the 
world is. Hence, strictly speaking, we should never say of something in the world: “It is a 
system,” only: “It may be described as a system” (1983:671). 

 
Crucially, critical realism appears to be underpinned by principles that have indisputably enjoyed 
a significant history of development within the field of systems thinking. Mingers (2014) notes that 
whilst this overlap is arguably evident, there is a remarkable absence of acknowledgement of the 
systems thinking tradition in the writings of Bhaskar and other critical realist literature. Whether 
the result of a lack of familiarity with the considerable volume of systems thinking literature, or a 
calculated effort to maintain a unique identity for the critical realist field, Mingers (2014) calls for 
more attentive exploration of the degree of overlap and outlines a number of principal shared 
ideas. 
 

First, critical realism draws on one of the core tenets of systems thinking: that behaviour of a 
system cannot be understood in terms of the properties of its constituent entities alone, but is 
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instead the outcome of the interactions between these entities. From these interactions, 
characteristic system properties emerge. Second, systems can be decomposed into a set of 
integral sub-systems, or can themselves be considered constituent sub-systems of a higher level 
supra-system. This nested systems nature is closely reflected in the stratification of the critical 
realist Empirical, Actual and Real domains. Closely related again is the critical systems practice of 
boundary definition. Both in systems approaches (see Midgley 2000) and critical realism, the 
observer must define a system boundary that differentiates the properties of a set of structures 
from their contextual environment in order to be able to meaningfully analyse any observations 
made. Fourth, systems thinkers have long argued that system behaviour follows structure. Much 
akin to the proposition of generative mechanisms of critical realist analysis, Sterman (2000) and 
Senge (1990) argued for the existence of ’system archetypes’, which are common and recurring 
patterns of behaviour produced by underlying, unobservable linked causal relations in social 

systems. Finally, a ‘soft turn’ in the systems thinking field in the early 70s (see Rosenhead 2006) 
was premised in part on the belief that agents inevitability bestow individual meaning on a 
system. As in the critical realist view, the understanding by actors of reality is therefore socially 
constructed and any analytical approaches applied for the identification of action must be 
grounded in the exploration of actors’ different perceptions (Checkland 1983). 
 
Mingers convincingly argues that a more explicit engagement with the linkages between critical 
realism and systems thinking would be of mutual benefit to both intellectual traditions (2014). 
Critical realist literature can benefit systems thinkers by offering a set of rigorous, mediating 
philosophical concepts into a field persistently caught between interpretivist and positivist 
debates. Conversely, by virtue of its history, systems thinking is able to offer critical realism 
clarification of frequently debated critical realist concepts such as ‘emergence’ (Elder-Vass 2005). 
Furthermore, there is also potential for other relevant but currently unexplored systems concepts 
such as feedback loops to challenge and enhance the currently highly linear critical realist 
narratives of generative mechanisms. Also, whereas there is currently much enthusiasm in the 
field of urban infrastructure for systems-based approaches to problem resolution, the engagement 
with critical realism in planning literature is in nascent stages. There is therefore potentially an 
opportunity for systems thinking to act as a more familiar platform for the translation of this set of 
philosophical ideas into the everyday world of planning practice. 
 
 

2.3 Research strategy 
 
There is little published guidance for the practical translation of critical realist philosophy into 
methodological design (Mingers and Willcocks 2004). Much of the critical realist research strategy 
debate so far has focused predominantly on the limitations and inadequacies of traditional logics 
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of inquiry, such as induction and deduction (Fleetwood 2005; Smith 2006). It is often argued 
instead that critical realist studies are better suited by a retroductive logic (Mingers 2006; Wynn 
and Williams 2012), though there is, however, little extant literature that offers practical guidance 
on the design of retroductive studies. 
 
Retroductive inquiry 
One of the most recent and valuable contributions has come from the field of Information Studies, 
where Wynn and Williams (2012) considered the ontological and epistemological assumptions of 
critical realism and derived from them five16 methodological principles for critical realist research. 
Whilst closely resembling stages, they warn that these principles are not intended to serve as a 
rigid framework for the approach to inquiry, but rather primarily as structured guidance on the 
logic to be applied throughout. Their four methodological principles for research practice are 

outlined below: 
 
1) Resolution 
In order to have a starting point for the exploration of ‘cause’, a critical realist approach needs to 
abstract from experience the ‘events’ being studied. Events can comprise actions, outcomes, and 
the experiences of individuals. The latter are are typically engaged directly by the researcher to 
assist in the identification of significant events, usually through contributing stories about their 
experiences.  
 
2) Redescription 
In order to link the Empirical with the Real, events have to be ‘redescribed’ into structural entities, 
their contextual environment, and the relationship between them. Structural entities may be 
organisations, actors, etc. They will have a range of emergent properties and causal powers, and 
researchers can make use of and adapt pre-existing theories for the process of redescription. As 
redescription into increasing levels of detail could become very time-consuming, it is the 
researcher’s responsibility to judge the boundaries required to maintain a pragmatic focus on the 
purpose of research or intervention (Wynn and Williams 2012). 
 
3) Retroduction 
The primary challenge for causal explanation is the mode of reasoning that will permit the 
researcher to propose structures and mechanisms out of consideration of empirical data (Wynn 
and Williams 2012). There are a number of different ‘logics of inquiry’ that support such inference 
from data, each with their own starting point, series of steps using particular styles of reasoning, 
and end points, each of which are strongly influenced by ontological and epistemological 

assumptions. Consequently, they will inevitably vary in their individual degrees of appropriateness 
                                                        
16 Wynn and Williams (2012) identified a fifth principle of ‘triangulation’ that is not covered in this section but 
later in Section 2.5 (‘Data quality’). 
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for use in different contexts. The American philosopher Peirce (1878) argued that there are 
fundamentally three such logics of scientific inquiry: induction, deduction and retroduction,17 
 
Induction and deduction tend to be the most widely known approaches for enquiry (Blaikie 2010). 
Inductive approaches derive generalised observations from empirical data. They excel in the 
provision of descriptive responses to ‘what’ research questions, but are limited in their capacity to 
explain ‘why’ research questions. Induction assumes that a set of universal laws can be derived 
from observed patterns in a set of particular observations. It does not theorise for the existence of 
entities not represented within empirical data. This conflicts with critical realist views that context 
has definitive influence on the impacts of mechanisms in the Real domain, and that not all events 
are located within the empirical domain. Conversely, deductive approaches derive specific 
statements from established theories and use empirical data in attempts to falsify hypothesised 

relationships. They are popular for their focus on explanation of ‘why’ questions, rather than 
description. As they rely on empirical trial and error approaches to incrementally advance 
knowledge in relation to variations of already established theories, critical realist requirements for 
methodologies that encourage the development of alternative mechanisms in the Real domain 
are not easily accommodated. 
 
Of greater compatibility with the critical realist paradigm (Mingers 2006) is the use of retroduction 
- and this is the primary logic of inquiry that this thesis draws on. According to Bhaskar (1978), 
merely knowing that event ‘C’ had been followed by event ‘D’ is insufficient - of greater interest is 
gaining an understanding of how ‘C’ gave rise to ‘D’. Retroduction draws on observations from the 
Empirical domain to create and test a compelling causal model that links powers of structures in 
the Real domain to events in the Actual domain. The hypothesised mechanism must take the 
contextual conditions into account.  
 
Peirce argued that retroduction is in effect therefore “the only logical operation which introduces a 
new Idea: for induction does nothing but determine a value, and deduction merely evolves the 
necessary consequences of a pure hypothesis” (1965:171). There is general agreement in the 
literature that mediation between the Real, Actual and Empirical domains requires creativity 
(Hempel 1965), intuition (Medawar 1969) and guesswork18 (Feynman 1967), and that the 
practical application of retroductive logic requires therefore “a rare blending of intellectual, 
practice-technical, and perceptual skills” (Bhaskar 1975:47).  
 
                                                        
17 In his early works, Peirce used the terms ‘retroduction’ and ’abduction’ interchangeably; a tradition which 
persists today (Chiasson 2005). He later reserved ‘abduction’ for formation of hypotheses and retroduction 
as process of testing and refining hypotheses and final selection (Rescher 1978). For simplification, 
‘retroduction’ is used as the overarching descriptive term throughout this thesis. 
18 Retroduction does not require a hypothesis. Its starting point is description in answer to a question, and 
use of traditional hypotheses can introduce unnecessary and unhelpful rigidity in the considerations of 
possible mechanisms for consequent explanation. 
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4) Empirical corroboration 
Establishing whether a proposed mechanism offers a sufficiently compelling explanation for a 
phenomenon in comparison to alternatives is done by corroboration with empirical data. Causality 
is demonstrated “if and only if it is the case that some event E would not have occurred, under the 
conditions that actually prevailed but for [mechanism M]” (Bhaskar 1998:101). The principle of 
empirically testing observation for a match with theoretical propositions is a familiar approach to 
validation and has been used widely in scientific inquiry (see Lee and Hubona 2009 for 
summative validity and Yin 2003 for pattern matching). 
 
It is possible for retroduction to produce a proliferation of feasible explanations. As not all 
mechanisms result in events in the empirical domain, the proposed mechanisms can remain 
untestable for validity. Mingers warns that this is one of the primary weaknesses of the critical 

realist approach, as 

“how is the scientist, especially the social scientist, ever going to be able to undertake testing 
that unambiguously rules out or rules in particular hypothetical mechanisms, particularly when 
such mechanisms may be unobservable, and their powers may be unactualised?” (2006:28).  

The output of critical realist research is therefore always a candidate mechanism, which 
continually remains open to further investigation and (in)validation (Wynn and Williams 2012). 
 
Research framework 
As an understanding of cause provides the knowledge required to change the social world 
(Bhaskar 1989), the critical realist focus on mechanisms makes a comfortable fit with 
improvement-oriented research about planning practice. Planners seek methodological 
frameworks capable of accounting for the broad range of socio-technical issues that characterise 
planning systems. Furthermore, critical realist approaches allow detailed causal explanations of 
events in terms of both the actors' interpretations, and the structures and mechanisms that 
interact to produce the outcomes under investigation. They can thereby equip a planning 
researcher with a philosophy that balances critical recognition of the roles of subjectivity and 
context with 'beliefs’ in a role for planning that transcends particular contexts and is able to 
transfer lessons learnt from one context to another (Grover et al. 2008). 
 
Furthermore, the critical realist paradigm is complementary to research that uses an experiential 
learning approach. As previously noted, the model for experiential planning has not yet articulated 
a methodological logic for the process by which knowledge developed in one stage of the 
experiential learning cycle is developed into knowledge for the following stage. Critical realism 
with its ontological constructs that mediate between the Empirical, Actual and Real domains 

provides a framework for doing so. The retroductive methodological exercise of ‘resolution’ 
identifies ‘observations and reflection’ from the Empirical domain; ‘redescription’ explicates these 
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reflections into entities within the Real domain; ‘retroduction’ is concerned with ‘forming abstract 
concepts’ by postulating generative mechanisms in the Real domain; and ‘empirical corroboration’ 
utilises ‘testing in new situations’ to produce effects in the Actual domain, from which ’concrete 
experience’ in the Empirical domain can be used to eliminate any insufficient candidate 
mechanisms.  
 
Figure 9 illustrates how the research purposes and the nature of their required knowledges, 
activities of experiential planning, and assumptions of retroductive enquiry and systems thinking 
through critical realism are integrated into a single, unified research framework. The result is the 
research structure introduced previously, comprising of two overarching parts (‘Part I: 
Understanding’; ‘Part II: Resolving’), with four core chapters that develop different types of 
knowledge (description of challenges; explanation of requirements; change for improvement with 

use of problem structuring methods; and evaluation of their performance in practice). 
 
Figure 9. Overarching research strategy and its fit with the thesis structure 

 
 

 

2.4 Data collection 
 
Translation of a research strategy into the doing of retroductive reflection requires methodological 
decisions about broadly three attributes of evidence used in research: the range of data used 
(how it is selected; what form it should take; what sources it should come from); the methods 
used (how it is collected); and the approach taken to making sense of it (how it is reduced; how it 
is analysed). The following sections outline details of decisions made for each of these attributes 
within this experiential research design. 
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Data selection: case studies 
A case study approach is used for selection of data. A case study is “an empirical inquiry that 
investigates a contemporary phenomenon in depth and within its real-life context” (Yin 2003:13). 
They are well-suited to each of the research’s descriptive, explanatory, intervention-oriented, and 
evaluative purposes (Gummesson 1991; Yin 2003). Furthermore, case studies suit research in 
which the problem is ill-defined and a “technically distinctive situation [exists] in which there will be 
many more variables of interest than data points” (Yin 2003:13-14). As case study analysis can 
be undertaken iteratively, the flexibility offered for moving between different stages of reflection at 
different points in time is also conducive to experiential research designs (see Straatemeier et al. 
2010). Lastly, because of their proclivity for rich empirical data, case studies have also been 
identified by critical realist researchers as a fitting approach for exploring interactions between 
Real structures, Real context, and Empirical events for the retroduction of causal mechanisms 

(Miles and Huberman 1994; Mingers 2004; Easton 2010).  
 
Whilst case studies are a very popular approach to data selection in research, their use in 
producing generalisable insights is rarely satisfactorily justified with formal philosophical rationales 
(Easton 2010). Positivist assumptions about case research often prevail (e.g. Eisenhardt (1989) 
recommends 4-10 case studies as an ‘ideal’ number of cases to be pursued). In practice, 
however, requirements for large sample sizes to meet statistical generalisation conditions are 
incompatible with much case research in planning. 
 
In contrast, adopting an explicitly critical realist methodology can mean that a single case is 
sufficient for claims of representativeness and transferability of conclusions. This is because 
critical realist generalisations are derived from outcomes from the contingent activation of 
universal, Real domain mechanisms. Therefore, contrary to the prescription for multiple case 
studies in experiential planning research designs (Straatemeier et al. 2010), multiple cases are 
not an essential requirement for achieving transferability of insights in research areas with few 
precedents, such as integrated infrastructure.19 
 
 
Case study identification 
A single supra-case study is used to explore the challenges facing integrated infrastructure 
planning practice: the integration practices of a formal group of built environment consultant 
practitioners, working on strategic systems integration projects (i.e. BuroHappold).  
 

                                                        
19 This is not to intend that there is no value in having multiple case studies. Multiple case iterations can, for 
example, add additional value by providing further evidence for reflection and corroboration of postulated 
mechanisms. 
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The term ‘supra-’ case study is used to distinguish, and avoid confusion, between two levels of 
enquiry. A case study is a unit of inquiry. They can themselves be conceived as comprising of 
multiples sub-units of analysis. BuroHappold integration practice is the main, single (supra-) case 
study of this research. From within BuroHappold, however, individual projects involving cross-
sectoral integration provided the sub-level units of enquiry. These are from here onwards referred 
to as the ‘case studies’ and provided the data of integration experiences at different times, in 
different project contexts, from which a BuroHappold ‘way of working’ on systems integration 
continues to emerge and evolve.20 
 
During the research period, projects with circular infrastructure integration remained an 
uncommon phenomenon. Spotting potential case studies was also a challenging task, as cross-
sectoral elements were often not perceived as such by some of the project team members until 

later stages in the project’s concept and strategy development stages. A multi-pronged approach 
was therefore used to identify potential cases. One step involved using keywords in conversation 
with BuroHappold consultants to ‘uncover’ any less visible, potential project cases. These 
included ‘integration’; ‘holistic’, ‘circular’; ‘resilient’; ‘zero-waste’; ‘self-sufficient’; ‘island strategies’; 
‘shrinking’; ‘smart’; etc. A similar approach was used in parallel where a list of technological 
elements likely to feature on integration projects was constructed and used as prompts in 
exploratory conversations. These ‘engineering solutions’ made some of the higher level concepts 
more tangible and relatable, and a summary is provided in table 1. 
 
Table 1. Technological, cross-sectoral synergy nodes used for identifying potential case studies 

Output® 
¯Input  Energy Water Waste Biomass Transport Information 

Energy  pump bacterial 
decomposition algae vehicle laser 

Water district 
heating  treatment 

plant agriculture - - 

Waste incinerator anaerobic 
digestion  fertiliser biogas - 

Biomass incinerator reed field building  biogas - 

Transportation - - - -  smart-wheel 

Information smart grid 
Urban 
Operating 
System 

- - 
Intelligent 
Transport 
System 

 

 

                                                        
20 Focusing data selection on project-specific experiences was also helpful in minimising any anticipated risk 
that interviewees would share reflections relating to more ‘generic’ infrastructure planning experiences, 
rather than experiences specific to cross-sectoral integration that could be triangulated and used for 
retroduction. 
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Six criteria were used to select case studies from the list of identified potential integration projects. 
Three criteria were essential for a project to be included in the selection; three criteria were 
desirable. A summary of these criteria and explanations of their essential/desirable considerations 
are provided in table 2. Table 3 presents the final selection of case studies. 
 
Table 2. Three essential and three desirable case selection criteria for integration projects 

 Criteria Details 
ESSENTIAL   
I. Integration  Is there cross-sectoral 

integration of 
infrastructure? 

Typically case studies should include (at least) one of the 
three cross-sectoral synergy types: ‘I. Co-located links’; ‘II. 
Shared links’; ‘III. Shared nodes’ (see Section 1.2: 
‘Integrated infrastructure’). In some cases it might be that 
cross-sectoral perspectives exist, but that these have not 
yet been translated into physical infrastructure component 
decisions, or that integration does not involve physical 
change (i.e. integration of social systems alone).  

II. Strategic 
planning 

Are there strategy 
development aspects on 
the project? 

Projects will typically have long time perspectives and be in 
early scoping or concept masterplanning phases, or 
possibly have strategy development as part of the brief.  

III. Data 
availability 

Are there sufficient data 
sources to support 
triangulation? 

Selected projects would need to have a minimum of two 
data sources available for triangulation. 

DESIRABLE   
IV. Circular 
resource 
streams 

Is there a closing of 
resource streams? 

Project objectives would likely include reductions in 
resource inefficiencies (where resources include energy, 
water, materials). 

V. 3+ sectors  Are three or more sectors 
involved in the integration 
process?  

Ideally a broad spectrum of sectors would be included to 
focus on specific differences between more common 
masterplanning exercises and systems integration 
exercises. The definition of sectors is typically dependent 
on individual city contexts, but will typically include: 
electricity, heat, water, waste, transport, and information 
and communications technology (ICT). 

VI. Scale  Is the project at city scale? Projects can range from building, to large development, to 
city, to regional scales, etc. A preference was for projects 
that reflected the challenges as faced by planners working 
at city authority level. 
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Table 3. Integrated infrastructure projects: seven BuroHappold case studies. The reference date for project 
status is 1 September 2016. 

Project Location Resource 
sectors 
involved in 
integration 

Representative 
cross-sectoral 
synergy  

Scale & 
project type 

Status Used for 
thesis 
Part I, II 

KA-CARE 
masterplan 

Kingdom 
of Saudi 
Arabia 

Electricity; 
cooling; waste 
management; 
wastewater; 
irrigation for 
food production; 
smart ICT 

Waste-to-energy 
(type III); district 
cooling (type III) 

City-scale;  
new city 
masterplan 

Ongoing 
[2010- ] 

I 

PlanIT 
Valley 
masterplan 

Portugal Energy; waste; 
water; smart 
ICT; transport 

N/a City-scale; 
new city 
masterplan 

Closed 
[2010- 
2012] 

I 

Detroit 
Future City 
strategic 
framework 

United 
States 

Electricity; gas; 
water; 
wastewater and 
drainage; roads; 
public lighting 

Spatial 
integration of 
infrastructure 
development 
(type I) 

City-scale;  
strategic 
framework 
development 

Ongoing 
[2010- ] 

I 

Berezniki 
Mining 
urban 
renewal  

Russia Electricity; 
water; 
wastewater; 
roads; building 
stock 

Spatial 
integration of 
infrastructure 
development 
(type I) 

City-scale;  
strategic 
framework 
development 

Closed 
[2012-
2013] 

I 

Future 
Riyadh 
strategic 
framework 

Kingdom 
of Saudi 
Arabia 

Electricity; 
water; 
wastewater; 
flood protection 
roads; land 

N/a City-scale;  
strategic 
framework 
development 

Closed 
[2013-
2014] 

I & II 

Kuala 
Lumpur 
International 
Finance 
District 

Malaysia Energy; district 
cooling; 
wastewater 
treatment; smart 
ICT; transport 

Combined Heat 
and Power (type 
III) 

Development
-scale;  
new city 
masterplan 

Ongoing 
[2011- ] 

I & II 

KSA Budget 
Adjustment 
Framework 

Kingdom 
of Saudi 
Arabia 

Electricity; 
water; 
wastewater; 
flood protection 
roads; land 

N/a National-
scale;  
strategic 
prioritisation 
of budgeting 

Ongoing 
[2015- ] 

II 
 

 
 

Data collection: multimethodology 
The period of data collection began September 2010 (the start date as EngD researcher with 
BuroHappold) and ended August 2016 (end of formal BuroHappold affiliation). Project case 
studies spanned different periods within this time frame, with considerable overlap between them. 

Figure 10 shows their relative inception and completion dates, as well as indicative periods during 
which data was collected.  
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Figure 10. Case project timings with indicative periods of increased data collection 

 
 
Longitudinal case studies are part of the critical realist tradition. Capturing change over time 
allows emergent properties of structures and activated causal mechanisms to become apparent 
(Bhaskar 1998; Dobson 2001; Easton 2010). For the study of strategy development for urban 
infrastructure, longer longitudinal data collection periods are important as projects typically span a 
year or longer and core ideas can take months to evolve and develop into clearly articulated 
forms.  
 
Multi-methodology 
Multiple methods were used to collect data on the case studies. The use of multiple methods for 
data collection is known as multi-methodology. Historically, research tended to draw on single 
methods, with different disciplines predominantly relying on standard, clearly bounded sets of 
methods. Over the past three decades or so there has, however, been an accelerated move 
towards research drawing on greater combinations of methods (Tashakkori and Teddlie 2003). 
Methods are combined in sequence or in parallel (for example combining participant observations 
with interviews), but also in less conventional, more trans-disciplinary combinations (such as use 
of anthropological methods in urban economics studies), at times thereby also mixing quantitative 
and qualitative methods. 
 
Use of combinations of methods has been argued to allow research to benefit from the strengths 
of different methods to overcome the weaknesses of individual ones. Use of multiple methods 

KA-CARE

PlanIT Valley

Detroit Future City

Berezniki Mining

Future Riyadh

Kuala Lumpur IFD

KSA Budget Adjustment

2010 2011 2012 2013 2014 2015 2016

Project duration. Line starts at first contractual relationship 
and continues throughout follow up agreements

Period of data collection (interview)
Period of data collection (active participation)
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also tends to extract data from multiple data sources, which supports triangulation for validation of 
data accuracy of observations (Denzin 1978). 
 
There are those who contest the acceptability of multi-methodology. They argue that pluralism in 
data collection methods necessitates a mirrored pluralism within the theories used for data 
analysis so that methods used share the same ontological and epistemological assumptions 
(Midgley 2010). Others argue, however, that as long as the purpose and intended impact of 
research are served, and a research clearly establishes boundaries of whose perspective is 
considered (or not), cross-paradigmatic approaches are both possible and permissible (see 
Midgley 2000). They warn instead that it is a fallacy to pursue a single, universal meta-theory that 
justifies pluralism with a ‘foundational theory’ (see Flood 1990). They believe this would limit the 
scope of evidence considered to fit within a theoretical lens (see Midgley 2010). 

 
Multi-methodology fits with this research’s critical realist design. First, critical realism sees reality 
as constructed of different types of structure (social, physical, cognitive, etc), each with their own 
unique characteristics and properties. Description of these diverse properties is supported by 
corresponding diversity in the methods used to collect those different types of knowledge. 
Second, retroduction of candidate mechanisms benefits from access to as much data as possible 
for capturing observed and unobserved events. Third, as access to knowledge is limited by 
individual perceptual limitations, the use of multiple viewpoints can address some of the gaps and 
biases. Similar arguments in favour of combining multiple methods have been proposed in recent 
decades within the fields of systems research and operational research (see Mingers and 
Brocklesby 1997; Mingers and Gill 1997; Mingers and White 2010). Researchers are cautioned, 
however, that multi-methodology likely requires additional familiarity, equipment and 
competencies from the researcher, which may constrain its feasibility in practice (Mingers 2001). 
 
Data sources 
This research uses a mixture of primary and secondary source data. Primary data is obtained by 
the researcher directly from the intended sources. Some secondary data of news reports, emails, 
and newsletters were used to triangulate and validate findings (Section 2.5: ‘Research quality’). 
Sources were individuals and experiences on case studies and were accessed by means of three 
methods: interviews; passive and active participation; and a review of documents. Table 4 
summarises approximate volume of data collected with each method, further details for which are 
outlined further below. 
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Table 4. Methods and data collected 

Data source Number Indicative volume Part I, Part II 
Interviews 18 about experiences 

10 about workshops 
24 hours 
6 hours 

I 
II 

Observations (passive) 7 projects N/a I, II 

Observations (active) 2 projects - modelling 
3 projects - workshops 

7 months 
10 hours 

I 
II 

Document review 
7 projects - masterplans, project 
documentation, powerpoints 
5 projects - team emails 

2000+ pages 
 
 

I 
I, II 

 
 
Participant observation 
Participant observation was used to collect data on the practice of the integrated planning 
process (see Spradley 1980). As an EngD researcher, I was considered an integrated member of 
the BuroHappold group and a colleague who could ‘talk the talk’ and ‘walk the walk’ on 
infrastructure planning projects (DeWalt and DeWalt 2002). Over the duration of the project this 
involved passive types of participation, such as overhearing conversations in an open plan office, 
or sitting in on project update meetings but not necessarily contributing. About 30 meetings were 
attended in this way between September 2010 and June 2014.  
 
Importantly it also involved more active approaches to participation, such as contributing directly 
as a member of the project team to integration work or organising internal workshops to explore 
challenges. On some integration projects the researcher participated in external meetings with 
clients and partners specifically about the integration of infrastructure systems. Internally the 
researcher participated in project team meetings and supported the synthesis of BuroHappold 
messaging about rationales underpinning infrastructure integration. The researcher also 

contributed to the development of the cross-sectoral infrastructure analyses and design on two 
projects (i.e. ‘Detroit Future City strategic framework development’ and ‘Berezniki Mining urban 
renewal’ projects). This primarily comprised quantitative scenario modelling of possible cost 
impacts of different cross-integration approaches. In total this amounted to the approximate 
equivalent of working alongside colleagues for at least two days per week for a continuous seven 
month period. Finally, the researcher also contributed to three integration projects by organising 
workshops that used PSMs to support the integration process on three different projects. Chapter 
6 provides details of what this involved.  
 
The types of observation and participation used on different projects are summarised in table 5. 
Notes on the observations and experiences, also known as ‘field notes’, were collected in 
research notebooks. These were reviewed on average every few months and those notes 
considered relevant to the research questions transcribed electronically. 
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Table 5. Types of passive and active observation used for data collection on integration case projects 

 Passive  
observation 

Active 
observation 

    

  Client 
meetings 

Team 
meetings 

Modelling Report 
writing 

PSM 
workshop 

KA-CARE yes      
PlanIT Valley yes yes     
Detroit Future City  yes yes yes yes  
Berezniki Mining   yes yes   
Future Riyadh      yes 
Kuala Lumpur IFD yes  yes   yes 
KSA Budget 
Framework 

     yes 

 
 
Interviews 
Interviewing was one of the primary methods used for data collection. As it enables participants to 
share detailed accounts of the Empirical world essential to uncovering relationships between 
entities and their respective powers in the Real world, it complements critical realist studies. They 
are also suitable for practice-based EngD research as they offer flexibility in the timing of 
individual data collection interviews, which offers benefits to both the researcher and participants 
with busy schedules, based in different locations. Interviews are sometimes believed to be 
disadvantageous compared to other data collection methods because of the fleeting contact they 
sometimes establish between the researcher and their subjects (Bryman 2008). They can 
therefore be criticised for limiting the researcher’s potential appreciation of participants’ social 
reality. EngD projects are able mitigate this effect in some instances by retaining longer-lasting 
contact between researcher and interviewees. Crucially, interviewing can actually help address 
power differentials between interviewer and interviewee in transferring knowledge and learning by 
giving both parties the opportunity to ask questions (Kvale and Brinkmann 2014). In the context of 
EngD research, where researchers often fulfil R&D roles within an institution, reciprocity is 
essential. The potential anonymity of critical reflections in one-to-one interviews is a comparative 
advantage over, for example, engaging groups of practitioners in focus groups. 
 
Interviewees for this research were individuals involved in projects involving infrastructure 
integration. They primarily comprised planners, engineers and project managers. A purposive 

sampling approach (Bryman 2008) was used for selection of interviewees, with the first research 
question seeking to uncover the experiences and challenges encountered in practice leading this 
exercise. Where possible and feasible, diversity in the roles, seniority, number of years employed, 
educational background of BuroHappold consultants working on a project was targeted. It was 
believed that this would provide diversity of experiences and perspectives helpful in uncovering 
hidden mechanisms. Typically project leaders were asked to suggest initial members of the 



2. Methodology 

43 

project team to be interviewed. Interviewees were then asked for any thoughts on further 
individuals to include. The stopping rules for the total number of interviews undertaken was set for 
when additional interviews were no longer contributing evidence that changed insights.21 In total, 
19 different individuals were interviewed over 38 interviews, each for a typical duration of one 
hour. Table 6 presents a summary of interviews conducted. 
 
Table 6. Overview of interviews. Interviewee age brackets were defined based on an approximate halfway 
point of professional practice years, assuming a starting age at 20 and retirement age at 70 

  Interviewee background Date Format Length 
 

Project         

  
BH/external; sector 
background; male/female; age  

    

Mins KA
-C

AR
E 

Pl
an

IT
 V

al
le

y 

De
tro

it 
Fu

tu
re

 C
ity

 

Be
re

zn
iki

 M
in

in
g 

Fu
tu

re
 R

iya
dh

 

Ku
al

a 
Lu

m
pu

r I
FD

 

1 BH, Infrastructure engineering, Aug-11 Face-to-face 60   x         

  m, 45-70 Jun-16 Face-to-face 15 x           

    Jun-16 Face-to-face 50           x 

2 BH, Strategic planning, May-14 Face-to-face 60         x   

  m, 20-45 May-14 Face-to-face 60       x     

3 BH, Environmental 
engineering, Jun-11 Phone 45 x           

  f, 20-45 Aug-11 Phone 20     x       

4 BH, Economic planning, Jun-16 Skype 20     x       

  m, 20-45 Jun-16 Skype 20         x   

    Jun-16 Skype 20       x     

5 BH, Strategic planning, Jun-16 Skype 15 x           

  f, 20-45 Jun-16 Skype 45     x       

6 BH, Strategic planning, May-14 Face-to-face 75     x       

  m, 20-45 Jun-16 Face-to-face 20     x       

    Jun-16 Face-to-face 20           x 

7 BH, Waste engineering,  Jun-16 Face-to-face 25 x           

  m, 20-40 Jun-16 Face-to-face 30           x 

8 BH, Transport engineering, Aug-11 Face-to-face 45   x         

  m, 20-45 Aug-11 Face-to-face 15 x           

9 BH, Strategic planning, Aug-11 Face-to-face 60 x           

                                                        
21 In practice this was done through rough rule of thumb by checking whether coding of transcript was not 
covered by approximately 80% of existing codes in coding template. See more in section 2.5: ‘Data 
reduction’. 



2. Methodology 

44 

  m, 45-70 Aug-11 Face-to-face 60     x       

    Aug-11 Face-to-face 30         x   

    May-14 Face-to-face 60     x       

    May-14 Face-to-face 60       x     

10 BH, Strategic planning, Jun-16 Face-to-face 15 x           

  m, 45-70 Jun-16 Face-to-face 30 x           

    Jun-16 Face-to-face 15   x         

    Jun-16 Face-to-face 15       x     

    Jun-16 Face-to-face 15         x   

11 BH, Spatial planning, 
f, 20-45 May-14 Face-to-face 75       x     

12 BH, Infrastructure engineering, 
m, 20-45 May-14 Face-to-face 115           x 

13 BH, Energy engineering, 
m, 20-45 Jun-16 Skype 40           x 

14 BH, Spatial planning, 
m, 20-45 Jul-16 Face-to-face 20           x 

15 BH, Infrastructure engineering, 
m, 20-45 Aug-11 Phone 45 x           

16 External, strategic planning, 
m, 20-45 Jun-16 Skype 50     x       

17 BH, Spatial planning, 
f, 20-45 Jun-16 Face-to-face 15           x 

18 BH, Infrastructure engineering,  
m, 20-45 Jun-16 Skype 60           x 

        
 

(=9) (=3) (=8) (=5) (=4) (=8) 
 
A brief description of the research, its purpose, likely topics to be covered, and an indication of 
any interest in a specific project were sent to interviewees beforehand. The interviewing approach 
was semi-structured to allow the perspective of the interviewee to dominate the answers and to 
mitigate the imposition by the interviewer of preconceived ideas about the challenges and 
difficulties in working cross-sectorally. Questions were kept open-ended where possible (e.g. How 
did you feel about …? if you were able to, how would you adjust …?). An interview guide was 

prepared and broadly covered: challenges experienced; perception of relationships; factors 
influencing outcomes; reflections on the efficiency and effectiveness of the integration process; 
tools and skills required; as well as early ideas for areas of improvement.22 Later periods of 
interviews also invited reflections on the performance of PSMs and ways by which the feasibility 
of the workshop interventions have been enhanced. Appendix A contains the interview guides 
                                                        
22 Interview participants sometimes offered reflections that were not specific to a particular project. This 
information was not discarded, however, as it could have emerged from the individual’s history of 
experiences and reflections. 
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used. Where participants were re-interviewed, the same guide was used, focusing on confirming 
prior findings and identifying changes. In a few instances during the final round of interviews in 
May-June 2016, a draft version of project event timelines (for an example see figure 15 in Section 
4.1: ‘Integration experiences’) were used to focus conversation on project experiences and 
validate the research’s synthesis of precedent data collection.  
 
All interviews were conducted by the researcher. The majority were conducted face-to-face; ten 
were conducted via phone or Skype. Where possible, interviews were conducted in private and 
quiet locations. Interviews always commenced by a summary of its purpose, followed by an 
invitation for any questions, and an invitation to sign an agreement to participation that contained 
details of the research purpose and data use and protection (included in Appendix B). All were 
digitally recorded, usually with two recorders to offer insurance in the case of either 

malfunctioning. Recorders were kept switched on until interviewees exited the room, as initial 
interview experiences showed that many critical reflections on ways of working often happened in 
the final few minutes of wrapping up conversation. All interview data was transcribed verbally. 
Whilst some were transcribed by a hired contractor to save researcher time, most were 
transcribed by the researcher as it helped familiarisation with material collected. Many were 
transcribed within days of the interviews themselves. Notes made by the researcher during 
interviews were digitally attached to interview recordings and transcripts. In the majority of cases 
the researcher offered to share an electronic version of the interview transcript with participants to 
review for accuracy, but none asked for this.23  
 
Analysis of documents 
For each case study, project documentation was reviewed for relevant content or other related 
observations (e.g. on communication devices used) that would help shed light on the integrated 
planning process. The types of documents reviewed primarily comprised project deliverables such 
as masterplans (both draft and issued versions); project work (internal and external powerpoint 
presentations; project reports); project management documents (terms of reference; risk review 
registers; project plans); business development documents; and email exchanges between 
internal and external project stakeholders.  
 
Documents ranged in size from single page notes to 600-page submissions. A list is not included 
here for both for confidentiality and practicality reasons. The researcher did not get permission to 
share details of documents beyond content included in the analysis of Chapters 4-9. A list of the 
estimated 10+ final deliverables, 20+ items of project management documentation, 60+ 
powerpoint presentations; and 100+ emails would also be practically challenging, and any details 

                                                        
23 This could have helped with internal validation of evidence. Usually, most interviewees were satisfied with 
an option to be re-engaged when the research’s finding would be disseminated. Hence during later periods 
of interviews, the researcher sometimes forgot to offer. 
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can be shared by the researcher upon request. Where especially informative, analysis in chapters 
4-9 reproduces, cites and references specific content of these documents. 
 
 

2.5 Data analysis 
 
Retroductive analysis benefits from a process of ‘data reduction’, which is the process that 
renders collected data more easily digestible by ‘cutting’ it into different chunks and organising it. 
This research used coding as a process for this ‘transitioning’ between the collection of data and 
its interpretation (Richards and Morse 2007:137). Coding accomplishes three tasks within one 
process. First, it iteratively filters aspects that are considered to be less useful from the gross 
volume of data collected. Second, it distils some of the content’s essential meanings. Third, it 
facilitates further analysis by ascribing a label that summarises the content of a chunk of data. 
 
Data reduction: coding 
Coding seeks to “capture a datum’s primary content and essence” (Saldaña 2014:3) by assigning 
a summative attribute label, a ‘code’, to a portion of data. A portion of data can range from a 
single word to an entire page of text. Interview transcripts, participant observation field notes, 
images, analytical notes, emails, video, etc. can all be coded.  
 
There is no one ‘right’ way of coding, as “[a]ll coding is a judgment call [into which researchers 
introduce] our subjectivities, our personalities, our predisposition, [and] our quirks” (Sipe and 
Ghiso 2004:482-3). There are many variations of coding approaches (e.g. ‘Descriptive’, ‘In Vivo’, 
‘Temporal’, ‘Structural’, ‘Process’ coding). A helpful overview of their similarities and differences is 

provided by Saldaña (2014). He suggests that there are broadly two approaches to coding: first, 
approaches that use pre-existing research and theories to distil content (a theory-driven approach 
known as ‘template’ coding (King 1998)); and second, approaches that draw directly on collected 
materials without pre-determined constructs, known as ‘inductive’ code generation (Boyzatis 
1998). He further argues that the suitability of a coding approach is dependent on the research 
purpose and that it is therefore acceptable to use a combination of approaches to inform studies 
with multiple research purposes. This research with its four purposes used combinations of 
theory-driven and inductive coding approaches.  
 
In practice, coding is often done in two cycles: the first to establish familiarity with the content of 
interest; the second as a process of organising connections between codes according to patterns 
of similarity and regularity. Charmaz describes this two-cycle approach as first “generating the 
bones of your analysis”, and the second cycle then to “assemble those bones into a working 
skeleton” (2006:45). 
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A baseline coding template was constructed from the literature on precedent infrastructure 
integration research and collaborative planning practice24. This was supplanted with four 
additional approaches to coding of the data collected. The first identifies data that could support 
explanation, known as ‘descriptive coding’ (see Saldaña 2014). The second focuses on data of 
participant behaviours and reactions in the integration process (e.g. ‘expressing disappointment’, 
‘seeking improvement’), known as ‘process coding’ (see Corbin and Strauss 2008). The third, 
known as ‘evaluation coding’, focuses on reflections by participants on what worked, did not work, 
and their recommendations (see Rallis and Rossman 2003). The fourth draws the language used 
by participants themselves in a datum known as ‘In Vivo coding’ (see Corbin and Strauss 2008). 
Stringer (1999) argues that the latter has particular value in action research, as it retains a 
participant’s ‘voice’ and interpretation of what is happening. 

 
The first cycle25 resulted in 66 codes at the code and subcode levels. A computer aided 
qualitative data analysis software (CAQDAS) was used to support the coding process, as it 
allowed searching, filtering of data, and linking of audio and written transcripts in one place. NVivo 
v10 from QSR International Ltd was the CAQDAS used.26  
 
The second coding cycle iteratively compared coded segments to identify thematic patterns and 
develop code categories. In NVivo, nodes were organised into a hierarchical structure of code 
categories and subcategories. Once codes were organised into a hierarchy, this process 
facilitated the identification of system elements and contextual aspects helpful in explicating and 
explaining the structure of the integration process. This ‘axial’ coding generated a final coding 
template with 6 categories for a total of 67 codes (with various sub-level codes) representing over 
1,000 data segments. Table 7 illustrates some of resultant code categories and codes. Final code 
categories and representative codes are presented in Appendix C. 
 
  

                                                        
24 These are the disciplinary contexts for the first two research questions addressed in Part I: Understanding. 
Details of the relevant literature for these topics are provided in Sections 3.1 (‘Cross-sectoral integration’) 
and 3.2 (‘Planning practice and complexity’). 
25 In practice, an early step in this first coding cycle coded 10 interviews (3 about KA-CARE; 2 about PlanIT 
Valley; 2 about Detroit Future City; 1 about Kuala Lumpur; 1 about Future Riyadh) to refine and identify 
conceptual gaps in the coding template. As new concepts were identified codes were created along with a 
definition for each. Labels and definitions for codes were updated throughout the coding process. 
26 http://www.qsrinternational.com/nvivo-product 
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Table 7. Sample code categories and codes 

Sample Category Sample codes  
Structures Pressures 
 Goals 
 World views 
Practice Tools 
 Ways of working 
 Rationalities 
Outcomes Process longevity 
 Product novelty 
 Shared meaning 
Challenges Clarity objectives 
 Buy-in 
 Information availability 
Processes Building relationships 
 Exploring options 
 Managing risk 
 
A challenge in using coding to reduce data is deciding whether or not to include a piece of data 
Some scholars have argued that all data that is captured should be considered. They argue that 
insight might arise from content not considered relevant initially and that researchers should not 
commence data analysis with preconceived ideas of what has value and what does not (see 
Strauss 1987; Lowland et al. 2006). In critical realist studies, a similar principle exists where the 
retroduction of invisible mechanisms benefits from engaging with a broad-ranging diversity of 
data. There are practical limitations, however, to seeking to include as much data as possible in 
the coding process. The volume of data generated throughout the duration of an EngD project 
could require resources too challenging to justify against other demands on the researcher’s time. 
Some methodologists argue instead that a researcher can summarise much of collected data, 
and not include all of it in intensive data analysis (e.g. Seidman 2006). As a critical realist 
perspective interprets all records of the Empirical world as incomplete versions of existing 
mechanisms in the Real domain, a researcher is argued to be limited anyway in their access to 
data from the beginning of the research process. It is therefore argued to be beneficial to focus on 
the quality rather than volume of data coded (Saldaña 2014).  

 
Reliability was established for codes and coding process using inter-rater assessment (Guberman 
1994; Boyatwzis 1998). A colleague familiar with qualitative data analysis but not associated with 
the research project was given coding template, summary of research project and brief 
description of two projects. This material was discussed and initial equations answered. The 
colleague and researchers separately coded 30-minute segments of the same transcribed 
interviews. Results were compared and discrepancies discussed. After three rounds on three 
different segments, a total match percentage (=(#matches) / (#matches + #mismatches)) of over 
65% was achieved. This provided support for the reliability of the data coding. 



2. Methodology 

49 

Research quality 
This research espouses the development of knowledge useful to planning practitioners. Such a 
pragmatist stance on the quality of research outcomes (c.f. Peirce 1878) requires specific criteria 
for methodological considerations of the adequacy of both the rigour and relevance of data 
selection, collection, reduction, and analysis.  
 
Within the methodological literature, the development of criteria for research quality has largely 
been driven by debates on realist positions; that is, whether it is possible to presuppose a single 
absolute account of social reality, or whether there can be several accounts. Increasingly there 
have been arguments for more ’subtle’ realist positions (e.g. LeCompte and Goetz 1982; 
Hammersley 1992) that posit that as there can never be absolute certainty about the truth of any 
account, the validity of claims of truth must be judged by explicit consideration of the 

‘trustworthiness’ and ‘authenticity’ of evidence offered (Guba and Lincoln 1994). Such a view of 
research quality fits with critical realist epistemological assumptions. There are several different 
dimensions, however, in unpacking what constitutes either ‘trustworthy’ or ‘authentic’ research. 
Table 8 sets out four and five criteria respectively for both aspects of research quality as outlined 
by Bryman (2008). The descriptions of these criteria have been supplemented with notes using 
the synonymous terms also commonly used for each principle (e.g. ‘internal validity’; ‘reliability’). 
Table 8 also sets out a guiding question that can be used for their assessment, as well as 
summarises how this research has endeavoured to take each into account.  
 
In retroductive enquiries, the methodological principle of ‘empirical corroboration’ serves as a 
particularly critical aspect in realising trustworthiness and authenticity within a research project. In 
summary, by employing a combination of multi-methodological approaches, multi-source 
triangulation of data, and discussing and exploring findings with participants, experiential, 
retroductive approaches enhances both the trustworthiness and authenticity of experiential, 
retroductive research design. 
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Table 8. Research quality assessment criteria (adapted after Bryman 2008:377-380) 

Criteria Guiding question Notes 
Trustworthiness   

Credibility 
Did the research allow for 
triangulation of data 
sources? 

This parallels what researchers often know as ‘internal 
validity’. In order to determine the acceptability of an 
account of empirical reality, research must confirm 
whether informants’ contributions were correctly 
understood. This research did this by means of 
participant validation through paper feedback, and 
follow-up interviews. Credibility is further checked 
through triangulation with other data sources. This 
research triangulated multiple interviews on integration 
projects with masterplan content, etc (see Section 2.4: 
‘Data collection - multi-methodology’). 

Transferability 

Does the research clarify 
to what degree findings 
can be generalised 
across different contexts? 

This parallels what researchers often know as ‘external 
validity’. This research employed a critical realist 
philosophy to ground generalisations about observed in 
underpinning real world mechanisms (see Section 2.4: 
‘Data collection’ on selection of a single supra-case 
study). 

Dependability 

Did the research adopt 
an approach where 
records were kept for 
future auditing? 

This parallels what researchers often know as 
‘reliability’. This research used a CAQDAS for filing 
evidence used (see Section 2.5: ‘Data analysis’ on 
coding). 

Confirmability 
Did the research aim to 
act in as unbiased a way 
as possible? 

This parallels what researchers often know as 
‘objectivity’. This research acknowledges the 
researcher’s personal agenda and how this influenced 
research action (see Section 2.5: ‘Data analysis’ on 
positionality). 

Authenticity   

Fairness 

Did the research allow for 
fair representation of 
subjects and social 
setting? 

This research attempted to include as many of those 
involved in projects within BuroHappold as possible 
(see Section 2.4: ‘Data collection’ on interviews). 

Ontological authenticity 

Does the research help 
participants arrive at a 
better understanding of 
their environment? 

This research used evaluative interviews and problem-
structuring workshops to provide sense-making 
experiences for participants (see Section 2.4: ‘Data 
collection’ on active participation and Chapter 6). 

Educative authenticity 

Did the research help 
participants appreciate 
perspectives of other 
actors? 

This research used evaluative interviews and problem-
structuring workshops to provide sense-making 
experiences for participants (see Section 2.4: ‘Data 
collection’ on active participation and Chapter 6). 

Catalytic authenticity 

Has the research acted 
as an impetus to 
participants to engage in 
action to change their 
circumstances? 

This research employed an experiential planning 
approach to support participants in taking action (see 
Section 2.1: ‘Research approach’). 

Tactical authenticity 

Has the research 
empowered participants 
to take steps required for 
action? 

This research employed an experiential planning 
approach to support participants in taking action (see 
Section 6.2: ‘PSM interventions in integration practice’). 
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Researcher positionality 
EngD research fundamentally affects the positionality of the researcher. Personally I believed 
from the start that in order to earn the right to have access to information, develop the confidence 
that I had a deeper grasp of the realities of practice, as well as gain the trust necessary to receive 
the support to organise workshops and experiment within BuroHappold’s live projects, I had to 
become fully integrated as a researcher, but also as a colleague planner. This introduced a set of 
pressures into the research period and process that I found challenging to manage at times and 
for which I felt there was little guidance available to learn how to balance. 
 
My relationship with BuroHappold preceded the EngD project with a two-month planning 
internship on an unrelated project. This internship was in part explicitly motivated by intentions to 

learn about the practice of planning as a foundation for future research. The individuals who 
interviewed me were aware of these intentions and my interest in BuroHappold specifically.  
 
As I commenced the EngD project, though the formal nature of my affiliation changed, other 
BuroHappold group members said that they felt our working relationship continued largely 
unchanged. They continued to think of me as a colleague who contributed to the content of a 
number of projects, as well as wider organisational development of the group. This perception 
remained over the years that spanned the EngD project, especially during periods where I 
regularly spent days working on projects. Many BuroHappold members were aware of my 
particular interest in cross-sectoral integration. Many equated this with an interest in ‘smart cities’ 
and as a result often included me in internal exercises looking to develop this area.  
 
With my ‘insider’ (Blaikie 2010) status as a researcher, I was provided with access to company 
servers with project documentation, much of which was confidential. I was also given a desk 
space to work; a BuroHappold email address; and formal roles on some projects. I benefited in 
several ways from these provisions, including ease in getting introductions to reach consultants in 
other parts of the company; the ability to build relationships with interviewee subjects and do 
follow-ups; and access to formal and informal documents and observational data that would be 
largely inaccessible to ‘outsider’ researchers.  
 
The relationships with research participants that developed as a result of this action research 
approach had ethical implications for the conduct of the research. There was an understanding 
based on trust between the researcher and BuroHappold that the access provided would not 
compromise BuroHappold’s commercial activities (for example, by the research causing 

embarrassment to a client by sharing confidential information outside a project), and conversely 
not imposing conditions on the researcher’s work that all work would have to result in commercial 
‘products’. A number of principles were applied to protect all parties involved. Decisions made 
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about the direction of the research and its probable outcomes should be open for collective 
discussion; equal access to information generated by the process should be provided to all 
participants; the research process should maximise opportunities for involvement of all 
participants; any wishes to not participate would have to be respected; any wishes to remain 
confidential would be respected; no one would be held accountable for anything shared during 
the data collection exercises; transparency in the purpose and outcomes of research activities 
would be upheld as much as feasible; permission would be obtained before the sharing of any 
confidential material; and any interest in participating or feeding back on the research would be 
encouraged and supported.  
 
Ethics of planning and intervention research 
This research introduces a normative dimension into the planning processes with which it 

engages. It actively pursues greater cross-sectoral integration in the context of higher-level 
aspirations towards urban resource circularity. This advocates a set of sustainable development 
values, as well as likely advocates a set of practices through its action research approach. This 
presents ethical challenges to the research not unbeknown to either intervention research (see 
Ormerod and Ulrich 2012), or the planning field itself, which is an ‘activity which is concerned with 
making choices about good and bad, right and wrong, with and for other, in relation to particular 
places” (Campbell and Marshall 2006:240). More broadly, whatever the research’s specific 
findings, it also acknowledged that it would need to encourage critical debate and reflection 
throughout, as it would inevitably also contribute to wider trends where a relatively small group of 
global, elitist urban development consultancies, including BuroHappold, willingly or not end up 
reinforcing a set of US and Euro-centred economic and political processes across global locales 
(Rapoport 2014).  
 
Critical realism has “morality at its heart” and therefore allows for research that seeks to balance 
normative with inclusive approaches (Mingers 2014:195). Ontologically it expects moral truths to 
exist in the Real domain, independent of subject views. Human actors must acknowledge the 
subjective nature of our interpretation of experiences in the Empirical domain, however, and must 
always explicitly distinguish what morally ‘ought to be’ from ‘what is’ (Bhaskar 1993). 
 
 
Conclusion 
This research aims to resolve some of the challenges affecting infrastructure integration planning 
practice. An experiential research approach is used to develop an understanding of the 
challenges encountered using both practical experiences and planning theory, and then take 

action to resolve some of these challenges and reflect on insights developed as a result. Systems 
thinking characterises the way in which the research looks at the world and describes it.  
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All data was sourced from a longitudinal study of BuroHappold panning practice, using seven 
case studies of their infrastructure integration projects. A multi-methodological approach is used 
in data collection, combining interviews, passive and active participant observation, and 
document analysis. Principles of ‘trustworthiness’ and ‘authenticity’ are applied as criteria to 
ensure research quality in both the content developed, as well as its conduct and impacts.  
 
Critical Realism provides the research’s philosophical foundation that elucidates the 
compatibilities between the different aspects of the research’s focus, experiential approach, 
systems perspective and decisions made about data collection and analysis. As part of a critical 
realist methodological design, a retroductive research strategy is used as the logic for enquiry that 
justifies the research’s propositions for linkages between planning experiences in the ‘Empirical’ 
domain and explanations using postulated causal mechanisms in the ‘Real’ domain. 
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3. Relevant work 
 
 
The practice of strategic planning for the cross-sectoral integration of infrastructure is not a widely 
researched field. As a bridge between the current state of knowledge about relevant theory and 
practice and this research, this chapter reviews what is known within existing literature about the 
focus of each of the research’s four questions (Section 1.5: ‘Research questions’). It highlights 
knowledge gaps in the existing evidence base and summarises extant theories of particular 
relevance for the two ‘why’ and ‘how’ research questions. An overview of evidence gaps provides 
a sense-check of, and contributes to justification for, the research’s four pursued purposes and 
whether these are likely to lead to novel contributions. A review of extant theories is especially 

pertinent to the retroductive construction of the models that will explain what underpins integration 
practice (see Chapter 5: Mechanisms).  
 
Four distinct research areas are brought together to provide the intellectual baseline for this 
research: 
 

3.1 Cross-sectoral infrastructure 
integration 

 

Beginning with the state of research on cross-sectoral 
systems integration itself, the main debates and 
emerging trends are reviewed. This includes a summary 
of the propositions published to date for ways by which 
the integration process might be enhanced. 

3.2 Collaborative & strategic 
planning practice  

 

As any propositions for intervention in planning practice 
should also be grounded in lessons from the broader 
state of planning practice, the second area reviewed 
focuses on key debates and emerging areas of research 
in planning practice (particularly, infrastructure planning 
practice). 

3.3 Planning support & PSMs 
 

Once a picture of the current state of systems integration 
and planning practice is established, problem structuring 
methods (PSMs) and a set of key implications for their 
research and use in practice are introduced. 

3.4 Evaluation of planning 
support 

 

Finally, this baseline overview of relevant extant research 
work is concluded with a summary of key debates on 
ways that the effectiveness of a proposition to change 
planning practice can be evaluated. 
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3.1 Cross-sectoral integration 
 
The body of published literature with a specific focus on the cross-sectoral integration of urban 
infrastructure is limited. An even smaller subset of this work explores instances where cross-
sectoral infrastructure integration contributes to the ‘closing’ of urban resource streams.27 This 
section present the main debates and insights for planning practice so far that have emerged 
from these two areas of research. 
 
Emerging cross-sectoral perspectives 
There is little tradition of thinking cross-sectorally in the field of infrastructure development (Hall et 
al. 2014). Since the industrial revolution, infrastructure has been developed in institutional and 
professional silos. The management of traditional sectors such as energy, water, waste, 
transportation, and ICT are often even sub-sectoralised (for example, road planning within 
transport planning and gas planning within energy planning) (Marshall 2013). Whilst there have 
been periods of interest in assuming more inter-sectoral perspectives on infrastructure provision 
planning, these have repeatedly been counteracted with arguments that the individual sector 
regulatory regimes, investment time scales and models for risk distribution are too dissimilar and 
misaligned for this to be either feasible or desirable (Allmendinger and Haughton 2007; Holt and 
Baker 2014). 
 
Over the past decade or so, however, an increasing interest in cross-sectoral perspectives on 
infrastructure has persisted. Three areas of research in particular appear to be driving this 
interest. First, concerns regarding the impacts of disruptions across critical infrastructure networks 
has prompted increased exploration of the interdependencies between different infrastructure 

sectors, such as how a power cut might affect the pumps in a flood protection system. The 
analytical approaches adopted to develop our understanding of the nature of cross-sectoral 
vulnerabilities and risk have to date comprised primarily of modelling (e.g. with economic input-
output models (see Haimes and Jiang 2001; Crothwer and Haimes 2010)) and network-based 
and agent-based modelling approaches. 
 
A second research area with increasingly cross-sectoral outlooks has been the nascent field of 
urban analytics that is conceptualising urban infrastructure as a System of Systems (SoS). SoS 
are a class of complex systems that are themselves composed of complex constituent 
components that are “independently operable on their own, but are networked together for a 

                                                        
27 A review of relevant existing scholarly work to inform the circular, cross-sectoral integration of 
infrastructure could draw on experiences in closing the resource loop within single urban infrastructure 
sectors. Whilst there may be relevant lessons to be learnt, this thesis focuses on instances where cross-
sectoral aspirations led the integration process (as was outlined in section 1.2: ‘Integrated infrastructure’). 
There is therefore no consideration of advances in the planning theory and practice of e.g. reuse of low-
grade energy; recycling of waste; or black water management only. 
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common goal” (Jamshidi 2008:38). Though their use as a framing tool has predominantly been 
applied intra-sector, such as electrical power grids (see Korba and Hiskens 2008) and air 
transportation (see DeLaurentis 2008), recent modelling work has now also applied the SoS 
approach to multiple sector infrastructure systems comprising energy, water and transport (see 
Hall et al. 2014). Hall et al. (2014) anticipate that the likely increased adoption of SoS 
methodologies will consequently result in a wider uptake of more holistic and cross-sectoral 
approaches for the analysis of urban infrastructure networks. 
 
The third trend challenging traditional sector-based perspectives on infrastructure development 
comprises change in the models used for infrastructure management. Traditional operational 
models focused almost entirely on the expansion of capacity on the supply-side alone. From the 
1990s there followed a slow but gradual shift towards a greater consideration of the demand side 

in infrastructure management (Guy, Marvin and Moss 2001). Today, the role of infrastructure 
networks continues to be reconceptualised, in which the delivery of resources is increasingly 
framed as a service rather than a product in its own right (see Camci et al. 2012).28 The 
implication of an increasingly service-oriented outlook in infrastructure management is that 
actions targeting increased levels of service provision are no longer presumed to necessitate 
increased resource expenditures (Roelich et al. 2015). The systematic actualisation of service-
oriented infrastructure management regimes will be dependent on the development of necessary 
operational business models. Early work by Knoeri, Steinberger and Roelich (2015) on one such 
disruptive operational model, the multi-utility service company (MUSCo), underlined that in order 
to leverage the true resource saving opportunities offered by MUSCos, infrastructure 
management must become more imbued with cross-sectoral perspectives. There is no 
identification of means for engendering such cross-sectoral perspectives or explorations, 
however, and all empirical work thus far on disruptive MUSCo models has evaluated its 
deployment within the individual sector of energy alone (see Varga, Allen and Varga 2015).  
 
Whilst not exclusively nor definitively, the insights and debates from these three areas are 
currently shaping the design of new infrastructure policy instruments, such as the UK’s National 
Infrastructure Plan (HMT 2014) that presents a cross-sectoral overview of investment pipelines for 
critical infrastructure, as well as the UK’s cross-sectoral infrastructure assessment (ICE 2015) and 
the US National Infrastructure Protection Plan (DHS 2013).29 
 

                                                        
28 The assumption is that end-users are more concerned with the delivery of a comfortable room 
temperature (a service), rather than the exact amount of kWhs of energy delivered to a house by means of a 
heated district heating water vector (a resource). 
29 At the city level, there are policy instruments that strive to take cross-sectoral perspectives, such as issue 
specific constructs such as Climate Action Plans (Wheeler 2008) and Strategic Urban Plans (Newman and 
Thornley 2011). These tend to organise content on a sector-by-sector basis, however, without explicit 
development of cross-sectoral integration strategies. 
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Cross-sectoral perspectives in regional infrastructure development are in relatively early stages of 
development with regards to their empirical and theoretical bases. This partly explains why none 
of the three areas highlighted here have made connections to the potential contributions of cross-
sectoral approaches to closing urban and regional resource loops.  
 
In order to comprehensively make use of the existing body of precedent work that explores 
symbiotic exchanges across infrastructure networks for the benefit of ‘closing the loop’, the 
experiences and insights from a field with a research identity and culture distinct from the field of 
infrastructure planning are considered as a piece to complete the picture: ‘industrial ecology’ and 
its experiences with systems integration. 
 

Understanding urban systems integration 
 
Industrial ecology (IE) is a field with a history of success since the 1970s in realising cross-
sectoral exchanges of heat, waste materials and low-grade water between actors in industrial 
networks of production (Jacobsen 2006; Mathews and Tan 2011) and offers some potential 
insights into the challenges that can be encountered in urban infrastructure integration. Gibbs et 
al. (2005) note that attempts at creating cross-sectoral relationships between industrial actors 
often fail to move from concept into realisation. A number of technical, economic, organisational 
and institutional barriers have been identified to challenge their realisation, including difficulties in 
identifying opportunities for integration (Chertow 2000; Mirata 2004); lack of trust between actors 
(Mirata 2004; Gibbs and Deutz 2007); technical challenges (de Jong 2004; van Timmeren 2012); 
high capital and operational costs (Mirata 2004); fragmented policies and regulations (Baas and 
Boons 2004; Mirata 2004; Hemmes 2009); and fear by actors of losing control over the 

management of their supply streams (Boons and Baas 1997). 
 
Until recently IE scholarship paid little attention to urban areas as contexts for cross-sectoral 
symbiotic resource exchanges (Bai 2007). The majority of a recent increase in interest in the use 
of IE theories and methods to explore urban resource use has been concerned with a city’s 
‘metabolism’ (Kennedy and Hoornweg 2012) - the quantification a city’s inputs, outputs, storage, 
and production of energy, water and specific resources such as precious metals (see Newman 
1999; Kennedy et al. 2007, 2009; Ramaswami et al. 2012).  
 
Only a handful of studies have explicitly reflected on some of the practical attempts to achieve 
cross-sectoral integration of closed-loop infrastructure in non-industrial-only, and urban 
contexts.30 Most of this work has been undertaken by a small group of IE scholars collaborating 

                                                        
30 A distinction between industrial and urban contexts is important. Cities’ infrastructure actors operate with 
different time frames, agendas, capacities and capabilities to their industrial counterparts. Whilst no study 
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with innovation studies and transition studies researchers at TU Delft31 and KTH Stockholm32. 
Their propositions about the nature of the integration process and the challenges that have 
affected practice are summarised in the following section. 
 
Integration as connecting social and technical systems 
A considerable proportion of the existing systems integration literature to date has been 
concerned with establishing the significance of the social dimensions of the infrastructure systems 
involved. Whilst some of the early work in infrastructure research conceptualised systems 
integration as the reconfiguration of technological system components alone, e.g. pipes, plants, 
pumps, etc. (Jonsson 2000), IE scholars argue that integration attempts for closed-loop urban 
infrastructure involve connections of multiple socio-technical systems, each with their unique 
routines, cultures, market processes and rules (Pandis Iverot et al. 2012). In a study of some of 

the earliest development and city-scale attempts at urban systems integration, such as the 
Hammarby-Sjöstad model (see Section 1.2: ‘Integrated infrastructure’), Vernay concludes a 
failure to “understand the required socio-technical arrangements” by the engineering experts 
contracted to lead the integration process sometimes led to integration opportunities not being 
pursued (2013:vii). 
 
Explicitly rejecting techno-centric conceptualisations of systems integration and drawing on 
organisational theory, Vernay and Boons (2015) develop what is currently the leading 
conceptualisation of the urban integration process. It conceives the process as comprising 
changes in the degree of connection between three ‘dimensions’ of socio-technical systems: first, 
the separate technical networked components; second, the separate networks of social actors; 
and lastly, the rules that guide the behaviour of these technological and social components. The 
latter would for example include rules about decision-making practices and existing cultures of 
resource sharing between institutions. 
 
Their model explicitly sees a role of any actors driving the integration process as being involved in 
establishing ‘bridges’ between existing but un-connected socio-technical systems. These 
integration bridges can take many forms and could be either ‘social’ in nature, such as the 
creation of a resident-owned organisational entity for a ground water heat pump in EVA-
Lanxmeer that connected the water and energy systems, or be more ‘technological’ in nature, 
such as the construction of a new biogas distribution system in Stockholm that connected the 
wastewater and transportation systems (Vernay 2013). 
                                                                                                                                                                     
has yet validated this, the influence of context has to be considered and it should not be unequivocally 
assumed that industrial symbiosis practices can be unproblematically transferred into urban development 
contexts. 
31 See TU Delft’s current urban systems integration work at the Department of Engineering Systems and 
Services at http://www.tbm.tudelft.nl/en/about-faculty/departments/engineering-systems-and-services/. 
32 See KTH’s current urban systems integration work at the Centre for a Sustainable Urban Environment at 
https://www.chs.kth.se/en. 
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Conceptualisations of the integration process 
Urban systems integration researchers have on the whole engaged with the nature of integration 
as a continuous process. This contrasts with their more industry-focused IE counterparts, whose 
work rarely reflects the ‘emergent character’ of systems integration (Boons et al. 2011). Time 
frames spanning several years are typical in considering the reconfiguration of socio-technical 
integrated systems. Integration attempts appear to take several years and be incremental in 
nature. For example, Pandis Iverot et al. (2013) trace the step-wise rejection and incorporation of 
several technologies into the Hammarby-Sjöstad development, including district cooling (rejected 
for technical difficulties); solar collectors (rejected for lack of funding); and macerators (rejected 
for lack of funding and then later incorporated when a need for increased biogas production from 
wastewater treatment emerged in the wider city).  

 
To date two approaches have been used to conceptualise the integration processes. The 
approach developed by Vernay and Boons (2013), briefly introduced in the previous section, 
characterises the different degrees of integration across three dimensions of socio-technical 
systems (technical networks, actors, rules). Most recently, Actor-Network Theory (ANT) has also 
been used to trace the changing relationships between the human and non-human actors in the 
network (Vernay et al. 2013; Vernay and Mulder 2015). Both approaches convey a relational and 
co-evolutionary nature of the socio-technical integration process. Both use visual representations 
for relaying key events and phases in the integration process. Figures 11 and 12 provide 
illustrative samples of this work. While useful, these visualisations provide only a little value so far 
as sense-making devices for practitioners looking to understand context and identify areas for 
intervention and improvement. Applications of these approaches to date have only included 
descriptive accounts of major events, however, rather than for explaining how actors were able to 
shape the integration process.33 
 
  

                                                        
33 For example, ANT conceptualisations highlight the ‘alignment’ of actants’ interests and their incremental 
engagement and enrolment into sociotechnical configurations (see Callon 1999; Callon, Lascoumes and 
Barthe 2009). It has been argued that such process-oriented conceptualisations could be helpful in informing 
planning practice research but little precedent exists (Rydin 2010). 
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Figure 11. Changing degrees of connection between multiple sector infrastructure systems in Lille Métropole 
(Vernay and Boons 2013:120) 

 
  

Legend&
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Figure 12. Cross-sectoral integration of Hammarby sewage gas and Stockholm transport systems using 
Actor-Network Theory (adapted from Vernay et al. 2013:197) 

 
 
 
Impacts of cross-sectoral integration 
The majority of the rhetoric surrounding the value proposition offered in urban systems integration 
is premised on claims of beneficial impacts on resource flows (see the account by Vernay and 
Boons (2013) of integration efforts in Hammarby, Lille, and EVA-Lanxmeer). The main other 
positive impacts lauded in published literature are total operational cost savings across multiple 
infrastructure networks (see World Bank 2010 and SymbioCity 2011), as well as acting as a 
catalyst for other types of innovation in the infrastructure sectors (see Vernay et al. 2013).  
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Impacts on resource flows 
There is little conclusive evidence of net resource impact of infrastructure integration. Hammarby, 
for all its publicity and employment as an exemplar for circular urban developments, has little 
conclusive evidence of the net impact its integrated model has on the district’s use of resources 
(Williams 2012). The only published work that attempts a calculation observes that the Hammarby 
model supplies the Hammarby Sjöstad district with 22% of its district heating needs, 24% of 
district cooling, 5% of electricity demand, and a surplus of biogas that is also used within the 
wider city’s public transportation buses and personal vehicles (Pandis Iverot et al. 2013). Its 
impact is therefore a net reduction of waste material and energy flows, though the district remains 
far from self-sufficient. 
 
There are several challenges facing impact assessments of circular integrated infrastructure on 

urban resource flows. For example, much of Hammarby’s district heating is generated from 
combustible waste imported from the United Kingdom (Goel 2013). This presents a 
methodological challenge that is well-known in IE studies of resource efficiency improvements: 
evidence for the impact of closing the loop is dependent on the system’s boundary definition and 
what qualities are measured. While it is not specifically articulated by them, Pandis Iverot and 
Brandt’s boundary definition included four resource streams beyond national boundaries. They 
also focused on quantity of resource streams and not quality (i.e. whether energy is high grade or 
low grade). Their study was also limited by a lack of resource demand values specific to the 
Hammarby development. Instead they used average values for the city of Stockholm. It is 
therefore not known whether there is a significant difference between the city and the district’s 
energy demand profiles and other resource-related user behaviour. It also does not allow for 
assessment of whether or not improvements resulted in rebound effects34. Evidence gaps in 
integration input data are potentially going to be addressed by recent experiments with the 
installation of smart sensor technology. These experiments intend to provide longitudinal 
performance data at the individual building level and thereby close the evidence gap of integration 
impacts, such as recent sensor trials in the Stockholm Smart Port development, though no data 
has been published to date (Shahrokni et al. 2015). 
 
Innovation seed or lock-in? 
A major debate in urban systems integration research has focused on the long-term impact of 
integration on a city’s wider infrastructure development. Some scholars argue that the introduction 
of novel integration concepts enhance a city’s capacity for innovation (Vernay et al. 2013). Others 
argue that it will lock a city’s infrastructure into specific dependency relationships and create 
barriers to future change (Mulder et al. 2011). The evidence remains inconclusive (see Pandis 

Iverot et al. 2012; Vernay and Boons 2015). 
                                                        
34 Also known as ‘Jevons’ Paradox’ in energy studies where improvements in resource efficiency have 
unintended consequence of users using more resources because cost reduced (Alcott 2005). 
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Unclear strategic propositions for integration 
Propositions for circular integration have thus far centred on espoused net positive impacts on 
resource use. In Hammarby the integrated technological response was specified as part of an 
environmental vision for the development, in which “the technical support system is to be 
designed jointly with the goal of achieving synergy effects from environmental effective solutions 
with regard to energy supply/usage, water and sewage management, and waste management” 
(Stockholm Municipality 1996:9, emphasis added). In industrial contexts, however, neither 
environmental values nor policy have traditionally been primary drivers for resource flow 
integration. Instead, industrial ecologists have typically used cost impacts (both capital and 
operational) as the primary incentives for integration (see Lehtoranta 2011). 
 
This raises a number of questions: 1) Are the Hammarby, Lille and Eva-Lanxmeer experiences 

representative of typical stakeholder agendas and the visions that bring them together in working 
towards cross-sectoral systems integration?; 2) Will resource-driven agendas be sufficient to 
realise systems integration in new contexts?; and 3) How else could the strategic case for 
integration be made, if not as an explicit programme as part of a sustainable urban development 
strategy? 
 
 

Insights for enhanced integration practice 
 
A number of propositions have been made within published urban systems integration research 
for actions and provisions that could enhance the likelihood of increased realisation of cross-
sectoral integration attempts. 

 
Aligning individual interests 
Vernay and Mulder argue that integration projects are complicated by the multiple stakeholder 
interests involved and that “a large part of potential for symbiotic relations between urban systems 
is not realised due to the actors being unable to reach agreement” on overarching objectives 
(2015:2). Even in Hammarby, where actors were joined together by a vision of technological 
excellence as part of their Olympic Host bid, initial proposals for systems integration were 
repeatedly rejected because city officials and utilities failed to grasp each other’s objectives: the 
former wanted novel technologies to enhance the ‘brand’ of the athlete’s village, whereas the 
latter favoured use of existing networks to keep capital expenditures low (Pandis Iverot et al. 
2013). A major step forwards involved making the individual interests of both parties explicit and 
then aligning these in order to create critical mass for action (Vernay et al. 2013). While few 
specifics are provided in terms of how this was, or could be, achieved in practice, Vernay and 
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Boons note that it is important to develop “shared understanding of the situation [and] shared 
norms, values and cognitive maps” (2013:108). 
 
Dedicated system integrators 
It has been argued that in order to align stakeholder interests, the presence of “a dedicated 
systems integrator” (Vernay and Mulder 2015:2) supports the coordination of information flows 
and fosters cooperation between stakeholders. For the integration of sewage gas and transport 
systems in Hammarby, it was Stockholm Municipality that convened several city administrations; 
several municipal companies for water, waste and energy; a regional public transport company; 
several private developers; municipal housing companies; architects; as well as other consultants 
(Vernay et al. 2013). No published accounts exist, however, that describes how the city executed 
its role as systems integrator in practice, or which of the provisions made by them supported 

successful outcomes in meetings. 
 
There are disagreements about whether this systems integrator role would be more effectively 
filled by a public or private body. Private actors are argued to lack the leveraging capacity of 
public bodies necessary to run public awareness campaigns, change price incentives, and secure 
new infrastructure investment. The size of niche projects trying to innovate with systems 
integration might also be too small to justify the associated risks of integration to private actors 
(Vernay et al. 2013; Vernay and Boons 2015). Conversely, it has been argued that “giving the role 
of intermediary to the city authorities will not always work out well”, as their public responsibilities 
can make it difficult for them to openly encourage radical ideas or systems changes (Vernay and 
Mulder 2015:7). Further work exploring the role and requirements for a systems integrator is 
therefore required. 
 
New tools for integration 
The most commonly used tools by industrial ecologists for supporting cross-sectoral integration of 
resource flows are Material Flow Analysis (MFA)35 and Life Cycle Analysis (LCA)36. Both methods 
reveal inefficiencies in resource use and provide quantitative, comparative data for informing 
choices between alternative infrastructure network design options (Baccini 1997; Brunner 2007). 
These tools are criticised for being highly technocratic, however, and Vernay and Mulder (2015) 
have called for tools to support the integration process that are capable of accounting for the 
social and political nature of the infrastructure planning process. 
  

                                                        
35 MFA is an assessment of the flow of biotic and abiotic materials across system boundaries between the 
natural environment and the human sphere defined in space and time. It considers these flows across the 
stages of production, consumption, and recycling (Brunner and Rechberger 2005). 
36 LCA is a methodology for assessing all the environmental impacts of a product (or service) from ‘cradle to 
grave’, which is from the initial extraction and processing of raw materials to final disposal (Ayres 1995). 
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Summary: integration evidence gaps 
In summary, there are a number of key challenges and gaps in the available evidence on the 
cross-sectoral integration of urban infrastructure that need to be addressed for the benefit of 
supporting practitioners in planning for these systems. 
 
Expanding empirical evidence base 
Despite interest in the underpinning cross-sectoral integration principles, there is little empirical 
evidence of the experiences in initiating and implementing urban projects. Nor is there sufficient 
analysis of what did, and did not work. Further substantiation and development of existing 
propositions for enhancement of integration practice is therefore also needed.  
 
The pool of reported case studies is small, with only experiences of systems integration in 
Hammarby Sjöstad, EVA-Lanxmeer, and Lille Métropole37 available in published literature. The 

recurrent use of Hammarby Sjöstad as the primary integration example presents a unique 
challenge for policy makers and practitioners looking to extract insights in support of integration 
efforts elsewhere. It has been argued that much of the implementation of the Hammarby model 
was little more than continuation of business-as-usual within Stockholm infrastructure practice, as 
several key technological components of a cross-sectoral exchange network, such as district 
heating and combined heat and power plant, already existed (Pandis Iverot et al. 2013). This 
makes it difficult for outsiders to gauge the significance of pre-existing knowledges and practices 
for successful integration (Williams 2013).  
 
Developing practice-oriented perspectives 
Further study of the practice of integration is needed to advance cross-sectoral ideas and 
aspirations towards realisation. For the development of the Hammarby Model, Stockholm 
Municipality called for “new working methods with integrated co-operation between the research, 
business, national and local communities” (Pandis Iverot et al. 2013:224). As has been observed 
already, however, little record exists with practice level details that describe what happened at the 
workshops, meetings and distributed contributions, nor subsequent reflection on the ways by 
which specific tools, knowledge contributions or practical approaches impacted on the 
effectiveness of this multi-disciplinary planning process. With its disciplinary nature of mediating 
between ideas and actions, a planning perspective would likely be well-positioned to report on the 
experiences of integration efforts.   
 
  

                                                        
37 Several masterplanned developments worldwide have claimed to emulate the Hammarby integrated 
resource model at city scale. Many lack the critical cross-sectoral dimension, however, instead closing 
resource loops within sectoral silos of water, energy and waste. E.g. Caofeidian International Eco-City in 
China (Joss and Molella 2013); Masdar (Joss and Molella 2013); and Tangshan Bay Eco-city 
(Tilvakstanalyse 2014:24). 
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Explanatory models for practice 
Planners’ understandings of the integration process is critically limited by a lack of explanations of 
the critical mechanisms at work that contribute to integration. From a critical realist perspective, 
explicit articulation of an explanatory model that moves between theory (understanding of the 
mechanisms of integration) and action (interpretation of those mechanisms to take action to 
improve them) is essential for planners to be able to make sense of what makes cross-sectoral 
integration so challenging, the aspects of contexts to take into consideration, and the outcomes to 
expect. Conceptualisation of the integration process must better capture its complex nature, 
including the diversity of socio-technical agents involved, their formal and informal interactions, 
and the multiple system boundaries and levels at which different behavioural patterns emerge. 
 
 

3.2 Planning practice and complexity 
 
Understanding the particular challenges affecting the cross-sectoral integration of infrastructure 
inevitably requires engagement with the broader trends and ideas shaping infrastructure planning 
and development practices.  
 
Infrastructure planning practice 
 
Describing what comprises a particular planning practice is challenging. Alexander (2015) 
proposes that it can be understood by reflecting on its object (i.e. the substantive focus of the 
knowledge and activities employed for a planning purpose), its real life practices (i.e. 
characteristic details of the institutional context; knowledge dissemination channels; etc. for a 

particular planning object), and the tools employed (i.e. the intellectual means by which planners 
construct knowledge for action on the planning object). 
 
Infrastructure as an object in planning  
As an object, infrastructure was almost a forgotten topic in urban planning (Neuman and Smith 
2010), where “the relationship between infrastructure provision in its broadest sense and the 
planning system [was] until recently a neglected area of research” (Ennis 2003:2). As planning 
theory and practice became primarily concerned with wider aspects of the design and layout of 
cities during the 1970s, the study of the ‘backbone’ infrastructure networks for cities became 
unfashionable (Tarr and Dupuy 1998; Graham and Marvin 2001). Recent years have seen a 
gradual resurgence of planning interest in infrastructure; however, it remains rarely considered as 
a class of objects for planning with the majority of work disjointed across individual sectors 
(Marshall 2014). 
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Recent changes in infrastructure planning practice 
The traditional institutional context of infrastructure planning has been highly technocratic, in 
which planning has predominantly been treated as a depoliticised activity, grounded in rational 
models and legitimised by ‘scientific expert knowledge’ (Graham and Marvin 2001). Today, 
infrastructure delivery continues to typically be treated as comprising an expert process of 
translating a predefined scope into a clear and logical course of action, where original ideas and 
objectives have to be defended to non-expert ‘outsiders’ (Busscher et al. 2015) 
 
In order to create perceptions of controlled complexity and limited uncertainty about outcomes in 
both the long- and short-term, practical approaches to infrastructure planning often seek to 
simplify the process, compartmentalising procedures into closed, predetermined sequences of 
steps leading towards a particular ‘destination’ (Giezen 2012, 2013). Infrastructure planning 

processes are therefore often insufficiently flexible and problems in one phase often cascade into 
subsequent phases. Linear project management models struggle to effectively deal with messy, 
complex processes. Unsurprisingly, infrastructure planning practice has therefore developed both 
a history and reputation for systematic budget and schedule overruns (Flyvbjerg et al. 2003; 
Cantarelli et al. 2010; De Jong et al. 2013). 
 
As a result of shifts towards increased liberalisation, the governance landscape of infrastructure 
service provision involves increasing numbers of actors. Parallel technological and environmental 
drivers of change, such as the development of smart technologies, user-focused design and 
pressure for stricter environmental standards have also radically changed actors’ expectations of 
the outcomes of infrastructure provision (Guy et al. 2001). Consequently, the infrastructure 
planning field is increasingly recognising a need to directly engage with the social and political 
nature of the planning process (Monstadt 2009). In order to enhance infrastructure planning 
practice, calls have been made for the infrastructure planning community to identify ways of 
introducing more effective communication, understanding, and alignment between stakeholders 
who have diverse backgrounds and differing levels of technical understanding (Hansmann et al. 
2006:156). 
 
Tools in infrastructure planning 
Reflecting on Alexander’s third and final dimension of planning practice (2015), ‘tools’ 
predominantly used in infrastructure planning include ‘Cost-Benefit Analysis’ and ‘Environmental 
Impact Assessment’. The problems encountered in the capacities of such tools to conclusively 
inform decisions have been documented by several authors (e.g. Neuman 2011; Laird et al. 
2014). They typically arise from reliance on high quality data and their inabilities to employ wide-

ranging definitions of ‘value’ in their assessment of planning outcomes. New tools are emerging 
into infrastructure planning practice, such as combined risk and cost-benefit analysis (NRS 2014) 
and LCA (Neuman 2011). As Neuman cautions, however, the challenge remains in knowing how 



3. Relevant work 

68 

to “align the new tools - the province of technocrats and professionals - with money and power - 
the province of politics and finance” (2014:799). 
 
Two further areas within planning theory shaping ideas regarding the content and process of 
infrastructure planning practices are considered here. The first explores the ongoing paradigm 
shift towards more collaborative approaches in planning. The second considers the emergence of 
strategic approaches within planning. These two areas are included for consideration because of 
their particular and respective relevance to two of the major knowledge gaps highlighted in the 
previous review section on the extant cross-sectoral integration literature: first, the challenges 
encountered in managing the multi-stakeholder nature of the integration process; and second, the 
need for enhancing the clarity of the strategic context for integration. As both areas of change 
within planning theory are themselves increasingly influenced by ideas from complexity theories, 

this subchapter on emerging collaborative planning rationality concludes with a brief summary of 
key ideas emerging from this field of study. These ideas will be drawn upon significantly in 
chapter 5: ‘Mechanisms’. 
 

Collaborative planning rationality 
 
Outside of the specialist field of infrastructure planning, planning theorists and practitioners have 
more generally been proposing since the 1970s that hierarchical, rational, sectoral-based and 
procedure-oriented practices are poor at resolving complex planning challenges (Rittel and 
Weber 1973; Batty 2010). One of the primary arguments is that as expert knowledge is itself 
undeniably socially constructed, the validity and legitimacy of the planning process should be 
opened up to non-expert participation. Increased reflection on the implications of the multitudes of 

motives, personalities, beliefs, professional cultures, skills, and emotions that participants bring 
into the planning process followed. A search ensued for approaches that account for inter-
personal power relations and negotiation processes that are intrinsically a part of planning 
decision-making (Schön 1983; Tewdwr-Jones 2002). Planning practice reoriented itself to focus 
more on social processes, comprehensible dialogue, and group-based construction of knowledge. 
By the 1990s, the role of planners had gradually shifted from that of experts leading a linear 
process, to one in which they are one of several participants in the process. 
 
Planning scholars have proposed several normative theories premised on non-rational models of 
planning. All are grounded in beliefs that planning is essentially a social process of ‘reasoning 
together’ and often best practiced with deliberative and collaborative approaches (Forrester 1999; 
Innes 1995; Healey 2006, 2007). Innes and Booher have argued, however, that whilst these 
planning theories often acknowledge the literal complexity of the process of planning, “none 
offered a developed framework for understanding how collaboration plays a part in a complex, 
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changing and uncertain world” (2010:30). They propose that any pursuit to truly enhance the 
effectiveness of planning practice has to fully reject the instrumental rationality of the rational 
planning tradition with a ‘collaborative rationality’. 

A process is collaboratively rational to the extent that all the affected interests jointly engaged 
in face-to-face dialogue, bringing their various perspectives to the table…all participants must 
also be fully informed and able to express their views … Techniques must be used to 
mutually assure the legitimacy, comprehensibility, sincerely and accuracy of what they say. 
Nothing can be off the table. They have to seek consensus (ibid.:6). 

 
The intended outcomes of collaborative rationality are enhancements of both the ‘content’ and 
‘process’ dimensions of planning practice: the first benefits from the generation of better planning 
options, and the second from increased learning at both the individual and group-based level 
(ibid.). In turn, these lead to other beneficial outcomes, including new perspectives on an 
individual’s own beliefs and objectives; new identities; achievement by groups of shared meaning; 

and even at times a “sense of common purpose” (ibid.:7). 
 
Innes and Booher (2010) identify three conditions that need to be met in order for a situation to 
support collaborative rational processes, They are recalled with the acronym ‘DIAD’. First, there 
needs to be Diversity of interests amongst participating stakeholders. Second, there must be 
Interdependence between these interests. Parties must have a need to work together in order to 
pursue a shared understanding of a situation, acknowledge interdependence, and have a final 
outcome situation in which everyone participating wins. Third, Authentic Dialogue has to be 
achieved by facilitating reciprocity in relationships, learning and creativity, using a mixture of ideal 
speech and communication situations, use of story-telling, and management of group dynamics.  
 
The DIAD framework combines well with a critical realist approach to research on planning 
practice. It rejects a universal formula for collaborative action and instead offers a set of reference 
points for the contextual conditions likely to support the mechanisms underpinning collaborative 
rationality (as well as those that most likely would not). They acknowledge that ideal DIAD 
conditions are never completely achieved in practice, nor that they would be appropriate in all 
planning situations.38 
 
Collaborative approaches in infrastructure planning 
The extent to which ideas of collaborative planning approaches have featured in infrastructure 
planning practice has been limited. The professional infrastructure community, predominantly 
planners and engineers, has only recently started to fully engage with the ‘human’ dimension of 
its development processes (Fenner 2011). Linkages between planners and other key 
                                                        
38 For instance, collaborative rationality is neither feasible nor desirable in situations where immediate 
decisions are needed to protect life or property (Innes and Booher 2010). 
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stakeholders such as infrastructure service providers have generally been weak and voluntaristic, 
driven by short-term needs rather than long-term strategic considerations (Ennis 2003:4). Even 
where official project rhetoric has advocated the value of collaborative approaches, in practice it 
remains perceived as “very attractive, but not suitable for every situation” (Woltjer 2000:235). As a 
result, instrumental rationality persists and non-experts often remain excluded from infrastructure 
planning processes (Watson 2007). 
 
Within the research community, there are proponents of more collaborative approaches in the 
planning of infrastructure provision (Legacy 2010; Williams 2013; Holt and Baker 2014). They 
posit that collaborative approaches offer an alternative to the lengthy and costly consultation and 
negotiation processes that are the contemporary staple of participatory models in infrastructure 
planning. More collaborative planning approaches could also achieve greater buy-in from key 

infrastructure provider agencies, without whose direct involvement and cooperation the planning 
authorities often find it impossible to implement plans (Baker et al. 2010). Claydon (2003) 
highlights, however, that realising any shift from the dominant ‘product-only’ onto ‘process-driven’ 
rationales in planning will require skills that are currently rarely required from the majority of 
infrastructure planners. 
 
With regard to infrastructure integration projects, collaborative rationality appears to have 
particular relevance, as its targeted outcome is a reconfiguration of infrastructure that meets 
beneficial objectives for multiple participating parties. The process is unlikely to succeed if not all 
parties feel they are gaining something. If a planning approach can help participants acknowledge 
existing interdependencies, it could help engaged them more in the process. The following 
questions therefore arise: how can actors be made more aware of the interdependence of their 
interests in order to instigate collaborative process to explore integration options? Conversely, 
can collaborative rationality persevere in professional environments of ‘expert’ infrastructure 
planners where techno-rational world views remain common practice? And what planning support 
tools suit such situations and foster collaborative approaches?  
 

Strategic planning approaches 
 
By the early 1980s, in rejecting the rational tradition, planning had also rejected approaches that 
assumed conditions of certainty and clearly structured problems (Schön 1971; Christensen 1985). 
The ensuing search for methods capable of handling uncertainty led to an interest in the strategic 
planning mindsets employed by the corporate sector at the time (Kauffman and Jacobs 1987).39 A 

                                                        
39 A strategy is a cohesive entity that joins up the understanding of a situation with realistic goals, policies, 
and actions. It is premised on an appreciation of an entity’s competencies, its shortcomings, anticipating 
contextual changes, and consequently making decisions about what resources should be allocated to what 
activities (Eisenhardt and Zbaracki 1997; Steiner 1997; Eden and Ackermann 2011). 
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first wave of strategic practice in planning failed to maintain momentum, however, as it fell under 
repeated fire for neither finding a way to deal with poorly-defined problems, nor being able to 
subvert the dominant linear relationship between knowledge and action.40 
 
In the late 1990s, strategic thought enjoyed a second wave of planning interest. This was largely 
prompted by the work of Patsy Healey (1997), which was exploring the complex, ‘relational’ ways 
by which the actions of several actors and institutions shape the future of a place. Her work 
brought strategic planning to the fore as a way of thinking that underpins planning. She describes 
this as a related ‘web’ of activities in which  

a range of people in diverse institutional relations and positions come together to design 
planning processes and develop content and strategies for the management of spatial 
change; an opportunity for constructing new ideas and processes that can carry them 
forward; collective effort to reimagine a city, urban region and to translate the outcome into 
priorities for area investment, conservation, strategic infrastructure investment, and principles 
of land-use regulation (Healey 1997:5).  

This perspective in planning remains very influential at city-level as cities seek to respond to 
multiple pressures whilst continuously repositioning themselves for competitiveness (Newman 
and Thornley 2004; Albrechts 2015). 
 
In infrastructure planning, strategic approaches traditionally received less attention than within 
wider planning disciplines. In part, Marshall (2013) argues this followed from the uncomfortable fit 
between traditional, sector-based approaches and more holistic strategic urban planning. There 
was also, however, little incentive for infrastructure planners to adopt more sophisticated 
approaches. Institutional structures meant that there was often little or no competition; a 
perception of predictable socioeconomic conditions often persisted; and in the operational 
environment investment risk was usually borne by the public. What mattered was growing supply. 
There was little perceived need for developing planning frameworks that took into account other 
factors such as demand profiles and changing socio-political conditions. As a result, publicly 
owned utilities have historically been reluctant to build up strong management teams, and 
strategic decision-making on infrastructure development has, and is, often delegated to 
consultant engineers. This has created a need to develop strategic planning capabilities and skills 
for the urban infrastructure sector. It is important to acknowledge that there are of course some 
notable national exceptions where the national strategic infrastructure planning capabilities are 
well-established, such as in France and Sweden (Marshall 2013; Williams 2013). 
 

                                                        
40 Forrester describes the linear model of strategy development for planning at the time as a predefined 
sequence of activities: first ‘initial agreement’; then ‘stakeholder dialogue’; then ‘Strength-Weakness-
Opportunity-Threat analysis’; then evaluation; and finally a listing of actions (1989:50). 
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There remains much debate and disagreement about the appropriate and effective means of 
doing strategic planning in practice (Albrechts and Balducci 2013). In a recent review of strategic 
(urban) planning theory and practice, Albrechts identifies ideas of ‘co-production’ as most likely to 
shape the development of strategic planning practice. He argues that types of knowledge beyond 
dominant modes of causal and statistical knowledge must be incorporated into the planning 
process. As part of this process, citizens and institutions must be engaged and empowered 
beyond participation alone (Williams 2012; 2013). The reality does not meet espoused theory, 
however (Newman 2008; Allmendinger and Haughton 2009). How different types of knowledge, 
such as tacit knowledge, can be engaged in a repeatable, legitimate process, and how they would 
feature in outputs and outcomes of strategic planning process remains unclear. Albrechts 
believes that the employment of co-production approaches in strategic planning can “reformulate 
the mindsets of actors” (2015:365). He provides no detail, however, as to how this can be 

achieved in practice and laments that there is little recent guidance for the specifics of how actors 
can systematically discuss visions, and uncertainties, how they can create the space, and what 
techniques and tools are at their disposition. 
 

Summary: content-process gap 
Collaborative rationality and strategic planning approaches can be combined as complementary 
aspects of a single process. Broadly speaking, where the latter provides a mindset that focuses 
on short and long-term purpose, the former provides a set of principles for the translation of that 
kind of planning process into practice. In their contemporary theoretical states, both share 
aspirations towards the enhanced incorporation of more knowledge types, from more actors, from 
more sectors and fields, with sustainable and just planning outcomes. 
 

There is, however, a potential dilemma faced in the pursuit of greater degrees of group-based 
thinking as part of more complex and challenging strategic planning. Portugali warns that the 
more participants involved in planning processes, the more likely it is to have disagreement about 
what to plan (2011:250). Any resultant vagueness of visions and objectives then allows broad 
interpretation by participants, unintentionally undermining focused investment of resources. 
Ultimately this can lead to loss of confidence in the planning process.  
 

This thesis perceives the challenge that this dilemma causes for strategic approaches to cross-
sectoral infrastructure planning as a ‘vignette’ of the historic, ongoing tension between the relative 
degree of focus on either the content or process dimensions of planning. As has been covered 
briefly in this section, iterative shifts in the relative focus by planning theorists and practitioners 
has underpinned and shaped both the various collaborative and strategic turns in planning. 

Various waves of critique argued that planning, including infrastructure planning, became too 
focused on the expert-driven development of content and analysis. The later communicative turn 
arguable had a dominant focus on process (Cigar and Porter 2005). A similar shift towards a 
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focus on process is now taking hold of the strategic planning field with its call for co-production-
based approaches. A dominant focus on planning process alone has, however, been criticised 
many times for “hampering both planning and action by de-emphasising substantive planning 
expertise and information” (Helling 1998:345; Christensen 2015). Planning practitioners have 
been dissatisfied with designing process strategies alone (e.g. Couclelis 2005), feeling that the 
low levels of content development responsibility de-professionalises what they do. With a rational 
paradigm persisting in planning education and practice, it is arguably unsurprising to find that an 
appetite by planning practitioners for more content-oriented approaches persists (Allmendinger 
and Tewdwr-Jones 2002).  
 

The knowledge gap to be addressed is therefore not simply ‘how’ can cross-sectoral integration 
be practiced. Rather, it is: how can both process and content be contributed to by practitioners in 
collaborative strategic cross-sectoral infrastructure planning, where “the real art seems to be to 
seek out new ways of combining technical information and communicative approaches in a way 
that they reinforce each other” (te Brömmelstroet et al. 2006:2). 
 

Complexity and planning 
Many of the debates within planning theory about the nature of knowledge, expertise, uncertainty, 
change and control have been shaped by the complexity paradigm shift that has similarly been 
influencing scholarship in many other disciplines since the 1960s.41 Complexity perspectives 
prompt an understanding of cities as not simply places, but rather highlights them as dynamic, 
open, networked systems that are shaped by the exchanges between numerous human and non-
human elements. Their impact on the ways that cities are understood and engaged with are so 
profound that complexity provides the foundation for a ‘new science for cities’ (Batty 2013). 
Applying principles and insights derived from complexity theories into planning practice remains a 
challenge for those with limited training or theoretical understanding, however, and the “transfer of 
complexity theory into the … planning fields is still in its infancy” (Chettiparamb 2014:88).  
 

Complexity principles have been used to construct models of the urban planning process and 
complex adaptive systems (CAS)42 have been used to make these models explicitly systems-

                                                        
41 Complexity science is a revolution in thinking and paradigm shift that has affected every branch of 
knowledge since the 1960s when Hermann Haken and Ilya Prigogine became aware of physical-material 
systems that exhibited phenomena of emergence and self-organisation. Such phenomena had previously 
been regarded as typifying organic and socio-cultural systems, but never material systems (Waldrop 1992; 
Holland 1995; Kaufmann 1995). Insights developed by early complexity scientists diffused into other fields, 
and there is no single unified ‘theory of complexity’; rather, there are several theories arising from various 
sciences studying complex systems, such as biology, computer simulation, evolution and physics. Unlike the 
rapid uptake by the natural sciences, social theories of complex systems developed with far greater inertia. 
Researchers initially concentrated on non-human social systems, such as bees, ants, wasps, but a wave of 
interest in the application of complexity science in the management sciences to study human organisations 
about a decade ago has exponentially increased the current efforts at developing the computational models 
of such systems (Miller and Page 2007). 
42 Complex systems are characterised by dynamic, nonlinear behaviour that has feedbacks and properties of 
irreducibility, non-equilibrium, and emergence. The whole of a complex system is not only more than but also 
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based (see De Roo, Hillier and Van Wezemael 2012). The development of explanatory models 
for planning practice remains, however, a field to be developed into full-scale study (Portugali 
2011). Three notable contributions made to date are highlighted here. They provide starting 
points of development of explanatory model of integration practice in this thesis (see chapter 5: 
‘Mechanisms’). 
 

The first is Portugali’s (2011) ‘Synergetic Inter-Representation Networks’ (SIRN) model that 
captures the cognitive and decision-making processes that interact at both the individual and 
collective level in the planning process. His model highlights the nature of planning and design 
practice as a complex, self-organising system and emphasises the iterative processes that 
adjusts the mental models of individuals and collective and shared understanding between 
groups.  
 

A second CAS contribution to understanding the process of urban planning was made by Alexiou 
(2011) who argued that the majority of artificial multi agent system work in urban planning did not 
directly incorporate the multi-person problem-solving and decision-making nature of the process. 
They therefore inadequately reflected the essential processes of conflict resolution and goal 
adaptation that are part of collective plan generation. Her work uses CAS to conceptualise the 
distributed nature of learning and control in planning and design processes, and the mechanisms 
by which information, ideas, or cognitive processes are collectively shared among group 
members (shown in figure 13).  
 

Figure 13. CAS illustration of the distributed nature of individual learning and control in planning (Alexiou 
2011:252) 

 
                                                                                                                                                                     
different from the sum of its parts (Von Bertalanffy 1968). Their emergent properties mean that whilst 
complex systems demonstrate patterns of behaviour, unlike simple, well-defined systems, they do not allow 
precise prediction of specific events nor outcomes of interventions. CAS are a specific ‘class’ of complex 
systems. Their distinguishing hallmark is that their individual sub-system and collective behaviours mutate 
and self-organise and adapt corresponding to change-initiating micro-events. 
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Finally, whilst breaking down a CAS is an artificial exercise, Innes and Booher (2010) outline 
some of their key features and from these derive implications for collaborative planning. Table 9 
summarises the CAS characteristics that they highlight, supplemented with some of the 
contributions made by Hammer et al. (2012) in the field of strategy development that consolidated 
a similar list.  
 
Table 9. Nine features and characteristics of CAS (based on Stacey 2001; Fowler 2003; Mitleton-Kelly 2003; 
Cilliers 2005; Espinosa and Porter 2011; Hammer et al. 2011) 

CAS Feature Characteristics Detail 
Structure Agents High numbers  

 
(Non)technical  

Very large numbers of individual agents connected 
through multiple networks.   
The relationships between the agents are even more 
numerous. Agents can be technical and non-technical.  

 Interactions Dynamic 
 
Heuristic 
 
 
 
Local and remote 
 
Developing 
Low-high quality 

Endless, repeating and dynamic interactions through 
mechanisms internal and external to system. 
Agents exchanging information and resources 
according to localised heuristics. Even if specific agents 
only interact with a few others, effects propagate 
through system. 
Influences can be far reaching and remote connection 
may be important due to non-linearity. The system has 
a memory not located at a specific place, but 
distributed throughout the system.  

 Boundary Open Open, connected to the system’s environment. 
Active or passive interactions with other CAS can be at 
various levels of integration within and external to the 
CAS. 

 Environment Multi-level Continuously interacting with CAS. 
Behaviour Nonlinear Butterfly effect Unpredictable cause-effect relationships. Small actions 

can have big effects, big actions can have minimal 
effects, and the scale of effects cannot be predicted. 

 Feedback Positive 
Negative 

Interactions are iterative, self-referential with many 
direct and indirect feedback loops.  
Positive and negative can both exist within the system. 

 Emergence Patterns Behaviour is determined by interactions, not agents. 
Coherent patterns of order emerge spontaneously and 
become ‘attractors’ which may develop the pattern 
further. 

 Evolution Adaptiveness 
Robustness 
Co-evolution 
 
Path dependency 

Capacity to evolve if there is sufficient diversity.   
Robust, adaptive CAS can cope, adapt, survive and 
prosper in periods of turbulence so stability is not a 
requirement for progress and can lead to atrophy. 
 Origins and histories of development of agents and the 
CAS constrain and shape options for development.   

 Self-
organisation 

 Agents will adapt to each other, and the system does 
not need the intervention of an external agent. 

 
The first implication drawn for planning practice from these CAS characteristics by Innes and 
Booher (2010) is that planning processes accommodate the high number of actors engaging in 
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participatory processes by organising these into networks of different task forces, where different 
groups within the network focus on different aspects of the issues being addressed. 
Communication within and between groups propagates ideas and actions through the network. 
 
Second, it is the interactions between the participants and not the attributes of individuals that 
have critical impact on the process. The dynamics of the interaction between the attributes of 
individuals and inter-personal dynamics means that group-based planning becomes more than 
the sum of its parts. Continuous dialogue between groups is imperative as it provides the points 
of inquiry for understanding each other as well as the planning system’s behaviour. 
 
Third, collaborative planning is a non-linear process and can be highly sensitive to initial 
conditions. For example, an apparently minor decision to exclude a particular stakeholder may 

drastically change the pathway by which a system evolves over time, whereas a major factor such 
as a lack of trust between two stakeholders may not make much difference in planning outcomes. 
Nothing is settled permanently. Inquiry is continuous and informal processes often become 
indispensable to engaging with the nonlinearity of collaborative planning. 
 
Fourth, feedback between groups may induce individual and collective learning as part of the 
planning process. This learning will build the capacity for self-management in communities. It may 
also enhance the resilience of the planning process, as for example in cases where changes in 
political environment can have impacts on the system, but actors will be able to regroup, adjust 
and continue work. 
 
 

3.3 Planning decision support 
 
A field that focuses on supporting and improving planning practice is the study of ‘Planning 
Support Systems’ (PSS) (Batty 1995; Geertman and Stillwell 2004; Brail 2008; te Brömmelstroet 
2012). By synthesising evidence from different planning disciplines (typically transport, 
environment and land use), PSS make information available for use in planning decision-making. 
Their use extends from decisions about the spatial layout of local developments to decision-
making at the strategic planning level.43 Since the early PSS work of the 1990s, the 
predominantly US and Dutch-based PSS research community has almost exclusively focused on 
computer-based approaches (see Harris and Batty 1993; Klosterman 1997). As a consequence of 
the recent emergence of ‘big data’ analytics and proliferation of cheaper processing power and 

                                                        
43 This distinguishes PSS from Geographic Information Systems (GIS) and Decision Support Systems 
(DSS), which primarily organise information to support routine management tasks in planning (Geertman 
and Stilwell 2004). 
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digital interfaces, it could be expected that the urban planning community’s enthusiasm for digital 
over non-digital approaches to planning support tools is unlikely to be stymied anytime soon.  
 
Whilst there has been some recognition by the PSS community in recent decades of the wider 
collaborative turn within planning and that PSS should therefore “facilitate collective design […] to 
achieve collective goals” (Klosterman 1997:51, emphasis in original), many have criticised the 
field’s engagement with collaborative aspects of PSS use as rarely ammounting to more than 
tokenism. It is only quite recently that there has been some early stage, exploratory work on the 
use of digital mapping tools in workshop facilitation that has begun to more explicitly consider the 
group processes that influence collaborative PSS use (e.g. te Brömmelstroet 2010; Arciniegas 
and Janssen 2012).  
 

Further criticism has been levied at the PSS community for failing to resolve a persistent 
‘implementation gap’ (Vonk et al. 2005). Critics lament that despite the significant efforts 
expended in development of different PSS, few cases exist where these tools are routinely used 
in practice (Brail and Klosterman 2001; Geertman and Stillwell 2003; te Brömmelstroet 2012). 
Some even argue that in the absence of convincing evidence that PSS actually improve planning 
decision-making (Geertman and Stillwell 2003; Geertman 2006), the research community’s 
preference for developing new tools over improving existing and commonly used planning support 
methods (such as ‘Strength-Weakness-Opportunity-Threat’ analysis and ‘Cost-Benefit-Analysis’) 
accounts to irresponsibility in allocation of research and development resources.  
 
In order to close the implementation gap, both the ‘workability’ of PSS designs has to be 
improved, as well as the limitations of their predominantly techno-rational logics addressed (te 
Brömmelstroet 2012). Several have argued that PSS generally fail to leverage the contributions 
they make to the technical content for planning with shortcomings in the ways by which these 
tools fit within planning process itself (Geertman and Stillwell 2004:21). There are therefore now 
calls for research that will help construct a more holistic picture of PSS development by 
highlighting the ways by which their design and use can practically fit with multidisciplinary team 
structures, as well as engage with the multiple agendas of different groups of stakeholders 
(Geertman 2006; Pelzer et al. 2014).  
 
Whilst the link is infrequently made in the PSS or wider planning literature, the work on PSS is 
both directly and indirectly influenced by wider developments in the fields of ‘decision support 
systems’ and ‘Operational Research’ (OR). Some of the major historical and current 
developments in these fields are considered in the following sections, as it is believed that they 

offer valuable lessons and insights for addressing the knowledge gaps outlined so far in both the 
PSS field and infrastructure planning for achieving closer integration of the content and process 
dimensions of collaborative planning approaches. 
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Problem Structuring Methods 
In the wake of WWII’s extensive advancements in modelling and decision support analysis, the 
development of quantitative, analytical approaches for tackling complex societal challenges was 
enthusiastically continued. These efforts were usually premised on assumptions that decisions 
about housing, poverty, planning, etc. could always be informed with a clear problem statement 
and that an optimal solution could potentially be derived for each (Mingers and Rosenhead 2004). 
Consequently, as these social development situations are in fact usually characterised by high 
levels of uncertainty, such problems elude simple definition. The application of ‘hard’ problem 
definition and optimisation approaches therefore more often than not failed to resolve the issues 
at hand (Mingers and Rosenhead 2001). It became apparent that a different type of rationality 
was required for tackling these social, complex problems. Some within the OR community began 
to call for approaches that allowed the subjective interpretation of ill-defined, non-optimisable 

challenges (Ackoff 1977; Checkland 1981).44 By the early 1970s these arguments gained enough 
traction for a new branch of ‘softer’ operational research to be established that pursued the use of 
predominantly non-quantitative tools to bring clarity to complex problem situations (Rosenhead 
and Mingers 2001). The decision support approaches developed in this field became known as 
‘Problem Structuring Methods’ (PSMs). 
 
PSMs seek to enhance the rigour of the analytical process that clarifies the nature of a problem. 
Their distinctive feature is the use of conceptual representations as a primary technique in 
problem definition and resolution (Rosenhead and Mingers 2001). Typically used to represent 
people’s understanding of a problematic situation are systems models (i.e. visual diagrams 
drawing on a mixture of ‘elements’, ‘relationships’, ‘boundaries’, ‘feedback loops’, etc.). These 
models usually also capture some of the assumptions underpinning a particular stakeholder’s 
perspective, and the activities that might improve the situation. PSMs therefore place significant 
value on the process-related dimensions of collective analysis and are predominantly used in 
collaborative workshop environments. The outcomes of their employment may not necessarily 
result in consensus, but rather an agreed understanding of the differences between people’s 
perspectives and the possible actions that could be taken to accommodate these (Checkland and 
Scholes 1990).  
 
There is no clearly bounded set of PSM tools. It is convincingly argued by Yearworth and White 
(2014) that their use can be claimed when a combination of principles is applied. These include 
purposeful and collaborative use of systems models to improve a problematic real-world situation; 
to acknowledge differences between individual worldviews; and to engage with ‘messy’ problem 
contexts. Some of the most commonly known PSMs are ‘Soft Systems Methodology’ (SSM) 

                                                        
44 This positivist-interpretivist split in OR mirrored concurrent debates of postmodernist movements in other 
fields. 
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(Checkland and Scholes 1990), ‘Journey Making’ (Ackerman and Eden 2001)45, ‘Strategic Choice 
Approach’ (SCA) (Friend and Hickling 2005), and ‘Causal Loop Diagramming’ (Sterman 2000). 
 
PSMs and urban planning 
Despite a history of application in defence, healthcare, organisational management, information 
systems design (see Mingers and Rosenhead 2004; Franco and Montibeller 2010), and strategy 
development (Rouwette et al. 2009; Ackermann and Eden 2011), there have been relatively few 
uses of PSMs in the domain of planning throughout their now nearly 50-year period of existence 
(Yewlett 2001; Rosenhead 2005). 
 
The 1970s saw a relatively brief period of exchange between planning practitioners and 
developing soft OR field. PSMs, and SCA in particular, were used in interactive land use planning 

(Yewlett 2001, 2007).  Some planners have argued that it was in fact this short engagement of 
PSMs that first introduced into planning practice a formally articulated means by which planners 
could make sense of uncertainty and assume approaches to planning tasks that did not resort to 
the already rejected notions of blueprint planning (see Bryson 2004; Faludi 2004; Yewlett 2007). 
PSMs had a particularly strong influence in shaping the Dutch planning approach. Fundamental 
changes in planning ideologies, both within the UK and beyond, increasingly rejected systems-
based approaches to planning action.46 By the 1980s, PSMs had disappeared from commonly 
utilised planning support tools (Faludi 2004).  
 
In the context of complex, strategic, multi-disciplinary infrastructure planning, where solutions are 
often presumed without a preceding, well-structured search and articulation of the problem to be 
addressed (De Bruin and Leijten 2007; Priemus 2010), it could be seen opportune to consider the 
potential contribution of collaborative PSMs. In fact, Rosenhead (2005) observed that the more 
recent communicative turn within planning since the 1970s rejection of systems approaches to 
planning could be setting the stage for a reintroduction of PSMs into planning practice. This has 
failed to materialise thus far, however, and Yewlett (2007) argues that the extent to which this is 
likely to happen will be limited by a lack of planners with PSM experience, a lack of clearly 
articulated synergies with new collaborative planning theories, and their absence from planning 
education are likely to continue to limit the extent to which this might happen).47 
 

                                                        
45 Journey Making was previously known as ‘Strategic Options and Decision Analysis’ (SODA). 
46 There has recently been a re-emergence of using the language of ‘systems’, such as smart systems’, 
‘circular systems’, cities as ‘systems of systems’ and ‘systems thinking’ in urban planning research and 
practice. The translation of these concepts into supporting planning practice has primarily remained focused 
on quantitative complexity modelling, in line with techno-rational, computer-based PSS approaches, as 
opposed to new uses of facilitated collaborative, qualitative systems modelling for urban planning. 
47 It should be noted here that where planning practice has not yet reestablished its historic relationship with 
PSMs, OR researchers have on the other hand in recent years identified community-based action and 
development planning as promising new areas for their application (see Rosenhead 2006 and a forthcoming 
special EJOR issue edited by Gerald Midgley and Michael Johnson on Community Operational Research). 



3. Relevant work 

80 

PSM knowledge gaps 
Any (re-)strengthening of the PSM-planning practice relationship should take into account three 
current challenges being explored within PSM research. 
 
Value of using PSMs 
First, despite extensive reflection in the OR literature on the potential strengths and advantages of 
representing problems conceptually with PSMs, there is a surprising deficiency of studies that 
provide substantive evidence for these claims (Mingers 2011). PSMs are believed to achieve 
multi-actor agreement faster and with less conflict (Franco et al. 2004; Mingers and Rosenhead 
2004), resulting in ‘process gain’ where their use during early project stages can lead to more 
efficient delivery of projects (Champion et al. 2005; Eden and Ackerman 2006). There has been a 
recent increase in interest in studies that address the evidence gap for these claims (see White 

2006; Ormerod 2008; Midgley et al. 2013). Details of some of the main debates about how value 
added by PSMs can be demonstrated will be covered in the next and final Section: ‘3.4 
Evaluating planning support’. 
 
Unpacking the PSM ’black box’  
Second, it is unclear exactly how PSMs add value. Velez-Castiblanco, Brocklesby and Midgley 
recently described PSM action as involving “undescribed, possibly unrecognised and (at this point 
in time) relatively unexplored ‘something[s]’ happening during intervention” (2016:969). 
Unpacking the ‘black-boxed’ processes by which PSMs engage the individual, the group and 
wider context to foster improved decision making outcomes is arguably one of the primary 
emerging areas of research in PSMs (Franco 2013). Indeed, the PSM research community is 
currently undergoing a ‘behavioural turn’ in which many believe that deeper engagement with 
behavioural sciences can lead to better understanding of the critical social and collective 
dynamics that constitute a PSM intervention (White 2016). 
 
One of the most considered aspects so far in unpacking the PSM black box has been the role of 
the conceptual models used in collective problem structuring (Midgley 2000; White 2009; Franco 
and Montibeller 2010; Mingers 2011; Ackermann 2012). These visual representations provide 
focus for dialogue and a ‘space’ for expression (Franco and Montibeller 2010). They enable 
presentation of a large volume of information in a relatively condensed format. Their visual 
language is argued to have broad cognitive accessibility, facilitating both a better understanding 
of the nature of a situation, as well as learning by diverse groups of stakeholders (Vennix et al. 
1997). In order to reconcile these multiple contributions of visual models in PSM action, Franco 
(2013) introduces the theoretical construct of a boundary object.48 He argues that visual models 

                                                        
48 A boundary object is “a shareable and tangible artefact around which groups members can interact about 
a problem situation of concern and can involve … prototypes, strategy tools, and narrative” (Franco 
2013:721). 
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provide three overarching roles as boundary objects in intervention: first, facilitate the creation of 
shared language (‘transfer’); second, facilitate the creation of shared meaning (‘translation’); and 
third, facilitate the creation of shared interest (‘transformation’).  
 
The conceptualisation of PSM models with three roles as boundary objects has particular 
relevance to cross-disciplinary and collaborative problem-solving exercises. Drawing heavily on 
the work of sociologist Carlile, Franco argues that cross-disciplinary work brings together experts 
who use different jargon specific to different knowledge domains. In order to communicate, they 
require a shared language that will often require more than the changing of words used. Visual 
models can create such a shared language (‘transfer’). Having a shared language provided 
through the use of diagrammatic models may, however, not necessarily result in the same 
understanding of the meaning of these models by different disciplinary experts. The models can 

also be used to uncover differences in interpretation and highlight dependencies between 
different aspects of the issues focused on from the perspective of different disciplines 
(‘translation’). Where shared reflection leads to shared meaning, further interpersonal negotiation 
can then lead to common interests (‘transformation’).  
 
At the collective level, theoretical and empirical evidence supports Franco’s proposition of PSM 
models as boundary objects with three roles. Work by Rouwette et al. (2009) presented some of 
the first evidence that collective visual model building impacts on an individual’s ‘attitudes’, 
‘subjective norms’, and ‘intentions’. Work by Ackermann and Eden (2011) recently tentatively 
explored whether the changes in a model’s content during a workshop can be traced and whether 
they reflect cognitive changes within the mind of individual participants. Most other analysis of the 
relationship between individual, model and collective changes has actually focused on mining 
processes of interaction between individuals. This includes approaches with narrative analysis 
(see White 2009) and the coding of verbal and non-verbal behaviour in workshops (see Franco 
and Rouwette 2011).  
 
There is a lack of studies that bring these different strands of work together into one model of how 
PSMs work. Much remains unclear and uncertain about the nature of the Real mechanisms of 
PSMs, and how these can be connected to outcomes and value added by PSMs across different 
individual-group-project levels. For those looking to adopt and adapt PSMs, including planning 
practitioners, it is not yet understood what works when, for whom, what does not, and why (White 
2006).  
 
White observes that explanations of what works and why often conflate theoretical bases (ibid.). 

This partly explains the lack of agreement on the methods and frameworks with which PSM 
interventions should be studied and understood (White 2009). The potential usefulness of CAS 
perspectives in providing a framework with which to explore these complex, multi-domain 
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interventions was noted by Gregory et al. (2013). They summarise sixteen principles from the 
CAS literature that they believed are relevant to the use and application of PSMs, such as 
‘emergence’ and ‘self-organisation’. Their conclusions were very preliminary, however, and 
significant scope remains for research that develops more detailed expositions of the possible 
contributions that CAS perspectives can make to the understanding of PSM interventions. Closely 
related, others have made a case for the use of critical realism as a philosophical framework that 
would be informative in exploring the complex, social nature of PSM action (Keys 1997; Mingers 
2000, 2003). There is little demonstration of the practical ways by which PSM researcher can 
operationalise critical realist principles in practice, however, and White very recently concluded 
that “future research could further concentrate on understanding the causal powers and the 
potential generative mechanisms that shape behaviour in OR interventions” (2016: 838). 
 

Understanding PSMs in practice 
The third PSM knowledge gap area of particular relevance to this EngD affects insight into the 
ways by which PSM interventions can be actualised in practice. Ormerod argues that the human, 
cultural, material, contextual factors that shape activities before, during and after PSM 
interventions are ‘messy’ and currently insufficiently explored (2013, 2014). PSM intervention 
accounts rarely provide descriptions of the ways by which a workshop’s design affected 
participants’ responses to an intervention’s rules, methods and outcomes. 
 
Ormerod (2013) warns that PSM workshops require a broad range of competences from a 
researcher using PSMs. These range from conducting analysis, to managing project processes, 
understanding context, mastering the methods, designing the intervention, and facilitating the 
workshops/exercises. He therefore questions whether introducing PSMs into unfamiliar contexts 
is feasible as a research experiment by novice researchers or non-expert consultants. Some have 
suggested that difficulties in gaining expertise in PSM application could be supported by the 
articulation and development of ‘design rules’ - statements of knowledge that explicitly link an 
aspect of an intervention with a specific outcome (Keys 2006, 2007; Westcombe, Franco and 
Shaw 2006; White 2009; Gregory et al. 2013). No OR study has identified such rules for PSM 
action to date however. 
 
 

3.4 Evaluating planning support 
 
As the fourth and final area of relevant precedent research informing this EngD, an overview is 
provided of what has been learnt about the evaluation of using decision support methods to 
intervene in planning practice. 
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There can be multiple motivations for using resource for evaluation exercises. Citizens expect 
planners to be transparent and accountable in their decision-making with public resources 
(Bernstein 2001; Waldner 2004) and “[i]f planning is to have any credibility as a discipline or a 
profession, valuation criteria must enable a real judgement of planning effectiveness” (Alexander 
and Faludi 1989:127). Evidence-based feedback can foster learning (Krizek et al. 2009; Mueller 
and Hersperger 2015); improve planning process design (Oliveira and Pinho 2010; Balsas 2012); 
and close the implementation gap affecting planning support systems (Vonk 2006; te 
Brömmelstroet and Schrijnen 2010). 
 
Evaluation of planning practice 
Evaluation is little explored in planning literature, though, again, interest has recently been 
increasing (Lichfield 2000; Khakee 2003; Seasons 2003; Alexander 2006; Highfield and Thornton 

2006; Laurian et al. 2010; Oliveira and Pinho 2011). There is no agreed approach for the 
evaluation of the products and processes of planning practice. The bulk of planning evaluation 
work has focused on evaluating the ‘plan’ - the primary instrument of planning and the traditional 
focal point for practice until the communicative and collaborative turns in planning theory. 
Debates within plan evaluation work have largely mirrored those within wider planning theory, and 
changing assumptions about the nature of planning, the function of plans, and the role of planners 
have prompted three distinct propositions for what to evaluate and how (see Khakee 2003; 
Alexander 2006; Guyadeen and Seasons 2015). 
 
First, a ‘rational-comprehensive’ approach to evaluation conceives plans as blueprints linking 
goals, activities and outcomes. This approach was popularised during the immediate post-war 
period. It judges planning ‘success’ by the degree of conformance to a plan’s articulated goals 
and whether its policies are implemented. It has been criticised primarily for failing to 
acknowledge that defining planning problems in order to articulate planning goals can be difficult 
in practice, and that identifying causal links between goals, activities and outcomes can be 
similarly challenging. 
 
As planning theory in the 1970s increasingly devalued the plan as the main product of planning 
activities and basic support mechanism to control city development, evaluation shifted towards a 
second approach that focused significantly more on the process of planning. They conceive plans 
as frameworks rather than blueprints for decision-making and consensus building. Assessment of 
success considers a plan’s performance and whether it is consulted for subsequent planning 
decisions, regardless of observed outcomes (Alexander 2006). Strategic and collaboratively 
developed plans have predominantly been considered with ‘performance-based’ approaches to 

evaluation (Mastop and Faludi 1997; Faludi 2000). 
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Most recently a case has been made for a third approach to plan evaluation that treads a middle-
ground between the other two types. It argues that depending on the function of plan (i.e. whether 
a plan targets specific outcomes or frames subsequent decisions), either conformance or 
performance-premised approaches may be considered acceptable. What matters is that 
outcomes are desirable to different actors. This is known as pragmatic-integrative evaluation of 
planning (Alexander 2006; Faludi 2006; Oliveira and Pinho 2010a, 2010b; Balsas 2012). 
 
There is a predominance of ex ante evaluation of planning, where early phase feedback during 
plan preparation is used to support choices between alternative options and fine-tune program 
design (Seasons 2003; Carmon and Sieh 2008; Laurian et al. 2010). Very little evaluation 
considers ongoing (during plan implementation), or ex post evidence (i.e. whether observed 
outcomes after plan implementation match intended outcomes). 

 
A major shortcoming of plan-focused approaches to evaluation is that they exclude evidence of 
much that comprises the wider process of planning. Other important and valuable outcomes of a 
strategic planning process could be considered. This could include whether the scope of possible 
futures considered is broadened; whether flexible adaptation in future is facilitated; or whether a 
means for future engagement by new stakeholders groups has been considered. The results of 
infrastructure planning cannot be judged solely by the production and implementation of a plan or 
strategy. Needed therefore is an approach to planning practice evaluation that takes a 
considerable broader and more longitudinal perspective of the nature of impact and success 
(Pelzer et al. 2016). 
 
Theory-practice gap 
Not only is the planning evaluation literature modest, but in practice plan evaluation is even more 
uncommon than could be expected from recent increased research interest (Hoch 2002; Khakee 
2003; Oliveira and Pinho 2010). Laurian et al. (2004) lament that impressions of planning success 
or failure tend to be based on perceptions rather than evidence. A major barrier is a lack of 
planning evaluation methodologies that offer clarity of how to take into account influence of 
context and allow ‘attributability’ of actions to outcomes (Carmona and Sieh 2008; Laurian et al. 
2010). Positivist ideas about statistical conditions for validity continue to persist, favouring 
controlled experimental settings and replicated interventions for establishing causal relationships 
between plans and outcomes (Laurian et al. 2010; te Brömmelstroet 2012). Finally, the theory-
practice gap in evaluation might also be driven by the resources required to actualise evaluation 
in practice (Oliveira and Pinho 2010). Though it could be possible to address concerns about the 
related cost implications by making a case for potential cost savings in long-term as a result of 

lessons learnt for process improvement, no empirical evidence could be found where this has 
been demonstrated for planning practice. 
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Evaluation of PSS 
Unlike wider evaluation practice in planning, assessments of Planning Support Systems 
performance in achieving outcomes has notably assumed predominantly ex post perspectives. 
Here too the literature is recent and in early development stages. Of particular relevance to this 
research interested in the use in planning of collaborative decision support methods is that some 
PSS studies have explicitly called for evaluation methods capable of capturing their impacts on 
group-based learning processes (te Brömmelstroet 2012). Identified challenges and knowledge 
gaps resemble those of broader planning evaluation literature: a lack of practical guidance for 
evaluating PSS performance; a lack of a means to account for the influence of context; and a lack 
of insight into means of accounting for the impact of the researcher’s knowledge, skills, abilities in 
employing PSS (Pelzer and Geertman 2014; Pelzer et al. 2016). 
 

Evaluation of PSMs 
The volume of extant literature on the evaluation of PSMs is arguably a little more developed than 
that on PSS, though still modest. Rouwette (2011) argues that a plausible historical cause for this 
is that collaborative problem structuring modelling methods originated as part of real-live projects 
with paying clients. Their development was therefore not driven by systematic evaluation, and 
often not something a client would prioritise investment in. 
 
There is no agreement within the OR community on how to evaluate PSMs. Debates can broadly 
be understood as split between positivist and interpretivist stances (White 2006). Positivists argue 
that the effectiveness of any given decision support can be evaluated through the use of 
experimental approaches (e.g. Pinsonneault et al. 1999; Fjermestad 2004). They argue that 
formal approaches ensure the validity of findings in terms of generalisability and repeatability. 
However, many of the surveys of experimental evaluation approaches have failed to produce 
conclusive empirical evidence of differences, as they rarely indicate any statistically significant 
differences between one type of PSM and another. Positivist beliefs about approaches to 
evaluation have been criticised with arguments that experimental contexts deviate from real-life 
contexts (Eden 1995; Shaw 2003). Decisions made by participants in experimental settings do 
not have longer-term consequences and subsequently participants will behave in different ways 
than they would otherwise. 
 
Interpretivist approaches are considerably more popular with PSM academics and practitioners. 
This is arguably unsurprising, as PSMs are largely founded on interpretivist or social constructivist 
epistemologies and need to allow for the different realities and world views of participants 
(Mingers and Rosenhead 2004). Evaluations conducted with interpretivist approaches usually 

focus on different and divergent aspects of PSMs, however, and have been criticised for making it 
difficult to judge the relative value and contributions of different interventions, as well as limit 
generalisation of conclusions. 
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These debates have spanned over a decade so far, and in order to avoid losing sight of PSMs’ 
practically-oriented missions, White (2006) argues that a more pragmatic focus on “what works, 
why and for whom” is required. He argues that critical realism offers such a pragmatic route to 
overcoming OR’s long-term philosophical predicament over whether a single evaluation approach 
can support both locally meaningful evaluation as well as generalised findings beyond a single 
case study’s settings. Whilst there may be not one universal method for evaluation, critical realism 
offers a transferable approach for framing evaluation exercises. In the broader field of evaluation 
studies, seminal work by Pawson and Tilley (1997) developed a framework for critical realist 
evaluation that quite simply requires identification of the ways by which a given mechanism (M) 
links process to outcome (O) in given context (C). This ‘CMO’ structure for critical realist 
evaluation is frequently expressed as “Ci+Mi=Oi”, where i refers to a particular case.  

 
Despite White’s call for critical realist approaches to PSM evaluation, no empirical study has thus 
far explicitly rooted itself in it. Some have, however, exhibited several of its key principles. One 
such example of PSM evaluation work with resemblance to the critical realist ‘CMO’ framework is 
the work by Midgley et al. (2013). This evaluates PSM performance by analysing the content of 
four dimensions and the relationships between them: ‘Context’, ‘Purpose’, ‘Methods’ and 
‘Outcomes’ of a specific PSM intervention. They claim that a framework integrating these four 
dimensions together within a single approach is unprecedented in PSM literature. They argue that 
precedent research especially failed to explore the relationships of the purpose of an intervention 
to the effectiveness of its outcomes. The authors do not, however, clarify what mechanisms are at 
work in PSM interventions and how these shape the relationships of influence between the four 
dimensions.  
 
Precedent research has typically employed a mixture of interviews (individual and group) and 
questionnaires with both qualitative responses and quantitative participant scoring using Likert 
scales to operationalise the data collection for identified evaluation dimensions. Typically absent 
from the published accounts are details of the data collection methods used, limiting replication of 
the presented approach by other researchers and practitioners. Also usually lacking are 

explanation of how specific data collected via interview questions and questionnaires can be 
related back to the evaluation aspects (context, mechanism, outcome) identified at the outset. 
 
As a final observation on the feasibility of evaluating PSMs in practice, whilst it has been argued 
that any evaluation approach should match the complexity of a PSM intervention (Eden 1995; 
White 2006), there are few studies that outline how such complexity could be reflected in the 
evaluation approach. PSMs are complex interventions applied in complex settings, seeking to 
effect change across various levels, including the individual, the group, the project, and wider 
systems (Mingers 2000). The outcomes of PSM use may only become apparent after significantly 
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long periods of time (Connell 2001) and evaluation accounts often only capture a very limited 
aspect of what is likely a much broader and longer possible narrative of impact. The lack of 
comprehensive, complex conceptual models of PSM intervention and its distributed and 
differential impacts across agents, group levels and time is a major limitation not only in the 
design and use of PSM interventions in planning, but also in our ability to understand and 
evaluate its outcomes and impacts. 
 
 
Conclusion 
There is little extant work that has considered the planning practices involved in integrating urban 
infrastructure systems. Integration efforts are in need of processes and tools that could support 
the development of more specific and context-relevant value propositions for these systems. A 

considerable history of sector-based approaches to infrastructure planning continues to resist any 
propositions for alternative approaches that increase the messiness and complexity of the 
process. Work from across the wider research on planning practice flags a particular challenge in 
achieving an appropriate balance between activities that seek to improve the content of 
integration practice, with those that seek to enhance the process of integration practice. Recent 
turns towards more collaborative and more strategic approaches within the planning field provide 
several insights useful to informing a balanced approach.  
 
Experiences with using CAS to construct explanatory models of planning practice could be 
developed to explain the challenges encountered in integration practice and sense check any 
propositions for improvement activity. Current interventions with support tools in planning practice 
are predominantly insufficiently process-oriented and lack holistic perspectives on the ways by 
which these are useful to the planning practice of multi-disciplinary teams. 
 
As the discourse of infrastructure planning becomes more open to ideas of messy contexts and 
complex processes that continuously have to reconcile multiple world views, it is possibly an 
opportune period for planning to re-engage with the work and application of PSMs. Any such 
closer engagement could in return result in the transfer of lessons from the developments in 
collaborative planning theory to support the ongoing work addressing PSM knowledge gaps. A 
proposition for intervening with planning support in planning practice, such as the use of PSMs for 
infrastructure integration, will benefit from an evaluation approach that matches the complexity of 
the planning process. A critical realist research approach is capable of reconciling the current 
tensions within the planning evaluation field concerning its issues of balancing rigour, relevance 
and validity. 
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4. Challenges 
 
 
A process changing and improving a system benefits from being informed by an understanding of 
that system’s structure and behaviour.49 This chapter develops an understanding of infrastructure 
integration practice by describing some of the experiences and behaviours that characterise its 
current state. The presented evidence base focuses specifically on strategic planning practices, 
and responds to the first research question: 
 

‘What challenges do planners encounter during the strategy development for integrated 
infrastructure projects?’ 

 
The first chapter section describes the context and key events of the six case projects of 
practitioner experiences in planning integrated infrastructure (4.1: ‘Integration experiences’). The 
following section reflects across these experiences and uses five themes to describe what 
worked, did not work and might be in need of change and improvement (4.2: ‘Challenges in 
integration practice’). The final section then introduces three attributes of cross-sectoral 
integration practice that are useful for describing its performance on the whole (4.3: 
‘Effectiveness, efficiency & distinctiveness’). These will provide a starting point for the design and 
evaluation of a PSM intervention into integration practice in Chapters 6 (‘Intervention’) and 7 
(‘Evaluation’). 
 
 

4.1 Integration experiences 
 
Establishing a timeline of events is a practical first step in retroductive research (Bygstad 2010).50 
Events provide Empirical domain evidence that can provide clues about activation of causal 
mechanisms under specific contextual conditions in the Real domain. A better understanding of 
these mechanisms (developed in chapter 5: ‘Mechanisms’) is pursued to support decisions about 
how integration practices could be adapted for future projects (to be developed in chapter 6: 
‘Intervention’).  
 
Events are often the culmination of a number of related episodes, decisions, meetings, etc. They 
can range from experiences of conflict, compromise, the introduction of ideas, etc. Timelines 
                                                        
49 See section 2.1: ‘Research approach’ for the experiential approach to planning research that underpins 
this methodological logic. 
50 Though analyses for the explication of events (see chapter 4: ‘Challenges’), redescription of system 
structure (see chapter 5.1: ‘Redescription’), and retroduction (see chapter 5: ‘Mechanisms’) occurred 
iteratively and in parallel, they are presented in a linear, sequential way for the sake of ease of interpretation. 
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capture approximate chronological relationships between events. They encourage longitudinal 
perspectives as well as support considerations of integrated planning practice as processes 
comprising multiple incremental, adaptive stages, in which no single, ‘final’ integrated state is 
arrived at. 
 
Experiences on six integration projects are briefly presented in the following section (for an 
overview and details see Section 2.4: ‘Data selection’). They are presented in a roughly 
chronological sequence. This will facilitate appreciation of the extent to which the learning by 
individuals on one project might have influenced subsequent project experiences. Each 
description extracts key integration experiences with particular relevance for understanding the 
integration process. On the accompanying timelines, events that will be referenced at later points 
in this and other chapters are highlighted with bolded text and tagged with a bracketed identifier, 

e.g. [X]. Where possible, an illustration of the types of integration synergies and sectors involved 
is also included. Where not included, no stage was reached at which details at sector or synergy 
level were developed by the project team. 
 
 
KA-CARE masterplan 
The KA-CARE project developed a set of alternative masterplans for a new city in the Saudi 
Arabian desert. The client wanted this new city to function as an experimental test bed that would 
trigger a national transition from the existing oil-based energy economy towards an energy 
economy with global leadership in renewable and atomic technologies. The city would act as a 
‘lab’ for testing and developing innovative technological systems, as well as the possible ways in 
which they could be integrated. BuroHappold provided multi-disciplinary planning and engineering 
advice on three of the masterplans that were developed by twelve competing consortia, each with 
approximately 8-10 project partners. 
 
Early during the project, a vision statement for the development from the client referenced the 
idea of a city with a ‘circular resource metabolism’. Planners on each of the BuroHappold teams 
described cross-sectoral integration as an “obvious”, “important” and “natural” dimension that 
would contribute to the intended ‘innovation culture’ for those living and working on the site. 
 
Of the twelve originally invited consortia, three consortia progressed into a second round to 
develop more detailed versions of proposed masterplan. These three consortia coincided with 
those that had BuroHappold as their engineering and planning consortium partners. In retrospect, 
several at BuroHappold proposed that it was the abilities of its consultants to think across sectoral 

boundaries that had in part led to this success rate. Of all twelve submissions, the design with the 
highest score on the client’s sustainability and resource management criteria explicitly used 
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principles of ‘circular metabolism’ and cross-sectoral integration. Figure 14 shows one of the main 
conceptual illustrations from their submission.  
 
Figure 14. KA-CARE circular metabolism conceptual design from one of BuroHappold’s 
submissions, at time of event [3] 

 
 
As part of the design review, an external auditing team was hired by the client to compare the 
submitted infrastructure designs. The auditors believed waste-to-energy generation plants to be 
exemplary technologies in cross-sectoral integration. They initially penalised the team with the 
circular resource strategy proposed in figure 14 for being focused on reduction of total material 
waste rather than using waste streams as input for energy generation. A period followed in which 
engineers expressed difficulties and frustration in finding a way to communicate the relative 
strength and “cutting edge image” that their circular approach offered compared to the selection 
of a specific technology. 
 
Over the years that followed, the national political context and oil prices saw significant change. 
Despite the original ambitions, the project team observed that the country’s primary energy and 
oil stakeholders were never fully committed to the project. Consequently, the project became 
underpinned by a philosophy of real estate development as opposed to a national project 
developing novel sustainable technologies. By summer 2016, one of the main consultants 
working on the most recent iterations of the city’s resource strategy was not even aware of the 
preceding interest in circular, looped resource strategies, which no longer features in the 
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masterplan. Key events in the development of circular, integrated KA-CARE masterplans are 
summarised in figure 15. 
 
Figure 15. KA-CARE events timeline 

 
 
 
PlanIT Valley masterplan 
‘PlanIT Valley’ developed a new city masterplan for a technology company aspiring to become 
one of the world’s major ‘smart city’ players. Their primary business activities centred on 
development of an ‘Urban Operating System’ (UOS) - a shared digital platform touted as the “way 
to converge infrastructure with a world of sensors, devices and people across developments of 
scale and entire cities. A single intelligent system to manage it all” (LivingPlanIT 2015). Figure 16 
provides a still from one of the client’s publicity animations showing some of the infrastructure 

systems to be connected in this way. The client needed to test both the UOS technologies and its 
underpinning business model. Its essence was that by embedding sensors in a new-build 
physical city test bed and generating value uplift from information extracted from the performance 
data, its sale as a subscription service to site tenants would finance the investment in physical 
infrastructure. The city project was to provide a proof of concept that could then be rolled out 
elsewhere across the world as a template for integrated urban systems connected by a UOS. 
 
Figure 16. Extract of client animation presenting UOS integrating “everything with everything” (LivingPlanIT 
2016)  
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BuroHappold provided the concept designs for infrastructure and land use planning. They 
proposed infrastructure strategies in which data would continuously be collected and analysed on 
the site’s performance with energy, waste, transports, water, etc. generation and consumption. It 
was hoped that cross-sectoral synergies would create a dependency by the development’s future 
commercial tenants on centralised subscription services to data streams from these sensors. 
Some on the planning team felt that despite client aspirations to “integrating everything with 
everything”, there was little unique about the final infrastructure concept and that it remained 
unclear exactly how the proposed infrastructure systems would add tangible value to the client’s 
vision.   
 
The client’s team experienced significant challenges in securing financing for developing the site. 

The untested integrated data and multi-sectoral concept proved incompatible with most investors’ 
risk assessment frameworks for likely rates of failure and rates of return. In the meantime, an 
architect team was hired in part to produce detailed, visual designs to entice potential investors. 
This team chose to engage BuroHappold minimally for explanations of the design principles 
previously developed, instead producing designs based on their own interpretation. The project 
eventually stalled and aspects of both the UOS and business model were later piloted via projects 
elsewhere. The client engaged BuroHappold several times as one of its advising engineering 
firms over the years that followed. Key events in the development of cross-sectoral, UOS 
supporting infrastructure for PlanIT Valley are summarised in figure 17. 
 
Figure 17. PlanIT Valley events timeline 

 
 
Detroit Future City strategic framework 
The city of Detroit has been experiencing a prolonged period of significant population decline. In 
2011 the city undertook a major project to deal with unsustainable expenditure on infrastructure, 
which comprised over 40% the city’s overall capital and operational investments. The revenue-
expenditure gap continued to grow as falling demand led to falling revenues, lowering available 
spend for maintenance, and thereby completing a reinforcing feedback loop by resulting in higher 
long-term emergency maintenance costs. The city’s infrastructure networks (which included 
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water, drainage, energy, gas, public lighting, and road maintenance) were managed by different 
institutional bodies. Faced with unsustainable costs, these had unofficially begun to disinvest in 
parts of their infrastructure networks across the city. Crucially, they were undertaking this 
disinvestment without knowledge of each other’s plans, or coordination of their activities. 
 
BuroHappold acted as infrastructure specialists as part of a multidisciplinary programme team to 
the ‘Detroit Future City’ intermediary body who were tasked with producing a Strategic Framework 
for the city. This framework would provide a “long term guide for decision-making by all of the 
stakeholders in the City… [it would] not be a plan that sat on a shelf” (DFC 2016). 
 
During early concept development stages in the project, the team proposed several ideas of 
cross-sectorally integrated, circular strategies for Detroit. Figure 18 shows a typical illustration 

used to communicate these ideas to the wider programme team. 
 
Figure 18. Detroit synergies concept at time of event [9]  

 
 
Heavily influenced by the work of BuroHappold, Detroit Future City (DFC) eventually proposed a 
‘spatial rationalisation’ approach that integrated service provision across all infrastructure sectors. 
It proposed differential levels of end-user service in different parts of the city (for example, in 
areas of lower service provision, households might experience more frequent drops in water 
pressure than in prioritised areas of higher levels of service provision). BuroHappold underpinned 
its case for spatial rationalisation with evidence from a cross-sectoral infrastructure expenditure 
model. Realisation of the proposed development strategy needed the different institutions 
supplying water, energy, transport, etc. to coordinate where they would individually prioritise 
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investment in infrastructure services in the near-, mid- and long-term. It was believed that over 
time, this differential, cross-sectorally coordinated approach of investment would lead to voluntary 
consolidation of the city’s population into higher density forms. Figure 19 shows the proposed 
approach for integrating long-term investment across all of the city’s infrastructure sectors. 
 
Figure 19. Proposed cross-sectorally integrated and coordinated approach to infrastructure investment at 
time of event [12] 

 
 
The published Strategic Framework received much positive feedback on the cross-sectoral and 
integration principles within it. The framework had no legally binding powers, however, and a DFC 
‘Implementation Office’ was created to support the realisation of the vision established within it. 
Three years later, several reports observe that there is little co-ordination of the planning by the 
city’s various infrastructure service providers. Figure 20 summarises key events in Detroit’s cross-
sectoral integration process. 
 
Figure 20. Detroit Future City events timeline 
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Berezniki Mining urban renewal 
Berezniki is a Russian city that has grown with its surrounding mining industries. The region is 
currently experiencing considerable outwards migration of younger cohorts of the labour force, 
who see decreasing employment and liveability prospects in the region’s future. This is causing 
concern with the region’s decision-makers who are hoping to stabilise the region’s projections of 
workforce availability and productivity. Simultaneously, as a consequence of historic uncontrolled 
mining activities beneath the city, ground conditions beneath many of the city’s housing blocks are 
destabilising beyond acceptable safety conditions, and major sinkholes appear relatively 
frequently across the city. 
 
BuroHappold joined as infrastructure planning experts on a small project team led by an architect 
team. The team was tasked with identifying possible options for enhancing the region’s liveability 

offer. The client believed the issues faced primarily revolved around inadequate structural quality 
of housing stock and expected a strategy design that would focus primarily on a rehousing 
programme on the city’s periphery. BuroHappold believed instead that the project presented an 
opportunity to address a wider range of issues faced by the city, and that action should be taken 
at a scale that would renew multiple infrastructure networks in addition to housing in a cross-
sectorally coordinated way. The team adapted the cross-sectoral infrastructure capital and 
operational investment model developed for the Detroit Future City project in an effort to get the 
client to buy into this more ambitious approach.  
 
A BuroHappold team in London worked on the infrastructure cost modelling, and a team in Berlin 
focused on the development of resource management strategies. Several team members 
expressed that the day-to-day activities of the two teams felt highly disconnected. At the time of 
project closure, some reflected internally that the client had still not bought into the cross-sectoral 
investment proposition from the team and that in the period that followed, the design of a housing 
building program failed to address deeper-lying and critical issues. Figure 21 summarises key 
events in the Berezniki infrastructure integration planning process. 
 
Figure 21. Berezniki Mining urban renewal events timeline 
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Future Riyadh strategic framework 
‘Future Riyadh’ was a project that developed a strategic development framework for the city of 
Riyadh, capital of the Kingdom of Saudi Arabia (KSA). The primary purposes of this strategic 
framework were to achieve better integration between the municipality’s portfolio of existing and 
future projects, and increased coordination and collaboration between public and private 
agencies. 
 
BuroHappold acted as sole strategic planning and infrastructure analysis consultant. As a first 
exercise the project team established a baseline of the main challenges facing the city’s 
development in a ‘State of the City’ report. Four thematic strategic areas for priority action were 
identified: ‘Quality of Life’, ‘Vibrant Economy’, ‘Future Resilience’, and ‘Governance’. During the 
early stages of the project the team expressed clearly both internally and externally that they 

believed a holistic, cross-sectoral perspective on infrastructure coordination and integration would 
eventually constitute a critical part of any response to the challenges outlined. Their analysis also 
argued for grounding any strategy design in principles of resource efficiency to ensure a long-
term, sustainable and affordable development of the city’s essential services. This was an 
ambitious vision, however, as each of the city’s infrastructure services was managed by different 
bodies across different regional and national institutional levels, with very little history of working 
together. 
 
The team responded with investing significant time and resource into developing a Geographic 
Information Systems (GIS) model to articulate the nature of the challenge faced in coordinating 
infrastructure planning. The team also piloted its largest series of public engagement exercises to 
date, with several public workshops identifying and prioritising between development issues. 
Project team members commented on the usefulness of this exercise, though feeling 
overwhelmed by the effort required in organising the events and knowing what data to analyse in 
order to pull it together. 
 
Following hand-over of the strategic framework, some team members felt that the cross-sectoral 
ambition had faded into more standard sector-specific recommendations within the report. A 
period passed in which the framework was barely used. A new mayor took office at a time when 
dramatic decreases in oil prices were causing long-term concerns about the city’s finances. The 
mayor instructed agencies to engage with the strategic framework as a means of identifying cost-
saving opportunities. BuroHappold was re-engaged to support the agencies in identifying these 
opportunities. By the summer of 2016, the cross-sectoral, integrated infrastructure proposition 
was again part of project parlance, though some felt that a clear value proposition for uniting 

disparate infrastructure sectors was still lacking in order to translate this idea into feasible action 
for Riyadh. Figure 22 summarises key events in the Future Riyadh cross-sectoral infrastructure 
integration planning process. 



4. Challenges 

99 

Figure 22. Future Riyadh events timeline 

 
 
 
Kuala Lumpur International Finance District 
The Kuala Lumpur International Financial District (KLIFD) project aims to develop Asia’s most 
sustainable and liveable finance district. It is a high density development with approximately 2.5 
times the floorspace on the physical footprint of less than 1 Canary Wharf equivalents. It is 
primarily a real estate development project, although it does receive special support from the 
Malaysian government who have designated the project a national strategic development priority. 
 
BuroHappold were contracted as infrastructure and sustainability consultants as part of a large 
international masterplanning consortium. Early during the concept masterplanning stage, the 
team argued for localising critical utilities infrastructure networks and plants within the site, 
primarily to enhance the continuity of energy supply and reduce total operating costs. Perceptions 
of excellent security and sustainability measures were important to the client who wanted to 
create a brand for Asia’s most attractive finance centre. Several months later in the process, the 
team also successfully proposed that the client consider investing higher capital in utility plants 

that combined cross-sectoral functions, such as wastewater treatment and cooling of energy 
processes. Whilst this would complicate the established siloed utilities procurement processes, 
the team argued that it could instead reduce the total spatial footprint required for two separate 
plants, thereby freeing up profitable space for further real estate development.  
 
A critical element of the development’s brand as a pioneer in creating a place of sustainable, 
future-oriented living and working involved its pursuit of being a global leader in ‘smart city’ 
technology. As a follow up project, BuroHappold were asked by the client to turn an earlier version 
of a digital masterplan that described this vision of “smart excellence” and “seamless connections 
across sectors” into a detailed infrastructure proposition spanning multiple sectors. BuroHappold 
proposed use of the UOS (from the PlanIT Valley project) as the connecting integration platform. 
By the summer of 2016, however, as a result of short project time frames, the team felt they had 
ended up with a series of siloed ‘smart’ products and a lack of clarity of whether the integrating 
UOS should be delivered in future. Key events in the KLIFD integration process are summarised 
in figure 23. 
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Figure 23. KLIFD events timeline 

 
 
 
 
 
 
 
 
 
In order to facilitate the reading of the analyses of these projects that will follow in the remainder 
of this chapter and Chapter 5 (‘Mechanisms’), table 10 summarises all of the integration project 
events that will be referenced. These were highlighted with bolded text and tagged with a 
bracketed identifier, e.g. [X], in figures 15, 17, 20, 21, 22, and 23. 
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Table 10. KLIFD events timeline 

Project Event Description 

KA-CARE 1 Landscape architect's amended design includes many trees, counteracting water 
management strategy 

  2 Conflict with design review team about not including waste-to-energy technology in 
masterplan 

  3 Team with circular metabolism and cross-sectoral integration chapters scores 
highest in sustainability category  

  4 Loss of corporate BuroHappold memory regarding earlier circular metabolism and 
integration strategies 

PlanIT 
Valley 5 

Third party racing enthusiast connects mayor looking for employment growth project 
and tech developer. The three parties decide to develop a city and R&D hub around 
a new F1 race track 

  6 Masterplan handed to architects who redesign it without significant input from 
infrastructure concept team 

  7 Uncommon integrated development model challenges investment risk assessment 
Detroit 
Future City 8 Individual with personal interest proposes looped-city concept 

  9 As part of initial options, agriculture identified as potential focus for using outputs of 
co-generation plant; also community scale anaerobic digestion 

  10 Perception that there are "2 project briefs" 

  11 Pressure for tangible infrastructure strategy 'products' from frustrated project 
partners 

  12 E&Y request quantitative cost figures only to assess infrastructure prospects 

  13 Blue-green infrastructure becomes aspect of framework that is most engaged with 
by external stakeholders and funders 

Berezniki 
Mining 14 One-off meeting with community leaders from housing blocks likely to need 

relocation 

  15 Architect appears to not be bought into the relevance of the cross-sectoral 
modelling 

  16 BuroHappold celebrates successful project 
Future 
Riyadh 17 GIS model developed to explore issues caused by urban sprawl 

  18 Piece commissioned internally from transport planning team for modelling city's 
accessibility networks 

  19 Series of public engagement focus groups and surveys 

  20 A Project Management Unit is set up to manage sector-based infrastructure project 
portfolios 

KLIFD 21 Project leader defines a set of principles that become the project's strategic goals 
  22 Combined utilities tunnel rejected by client 

  23 Pro bono work to demonstrate 5 year return on investment for moving wastewater 
treatment onsite gains client trust 

  24 MUSCo procurement proposed by BuroHappold 
  25 Integrated resource theme forms basis of brief for second site acquired by client 
  26 Client agrees tenancy contracts with individual waste and goods facilities per parcel 
  27 Combined utilities tunnel returns into design 
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4.2 Challenges in integration practice 
 
Whilst experiences from individual projects offer useful insights into the challenges encountered in 
integration practice, consideration of their collective experiences further extends opportunities for 
observing patterns in integration practice’s systemic behaviour.  
 
Systemic behaviour patterns are distinct from either frequency or regularity in observations and 
specific integration challenges will not necessarily recur on every project. Challenges are 
consequences of the activation of Real domain mechanisms under influence of specific 
contextual factors. As mechanisms may neither always be activated, nor their Actual outcomes 
always be Empirically perceived or experienced on an individual integration project, description of 
the challenges specific to integration practice seeks patterns in experiences rather than 
regularities per se. 
 
Five themes emerged from the data collected and are used to present an overview of the 
challenges encountered. Not all challenges observed or reported by those interviewed are 
included within these themes. The five themes were selected for the breadth of issues that they 
collectively contribute to the extant literature evidence base on strategic integrated infrastructure 
development. Their boundaries were also defined by considering their potential usefulness and 
clarity in identifying areas to take action for enhancing integration practice. They emerged from 
analysis and triangulation of project events, practitioner experiences and reflections, project 
documents and participant observation. Where permissible following consideration of anonymity 
agreements with interviewees, or commercial sensitivities, evidence used to illustrate a challenge 
(e.g. interviewee quotes) are attributed to its source project or individual. These five descriptive 

themes of challenges encountered in integration planning practice are: 
 

 1. Clarity of strategic purpose; 

 2. Alignment of stakeholder objectives; 

 3. Engagement of social dimensions; 

 4. Longevity and ownership; and 

 5. Fragmented ways of working. 
 
 
Clarity of strategic purpose 
Each of the case studies revealed challenges experienced by the planning team in articulating the 
contribution cross-sectoral integration would make to a city’s wider development needs. Ambiguity 
about the strategic purpose of an integration exercise often led to doubts about not only whether 
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the specificity of the proposition was adequate, or whether the degree of ambivalence between 
teams regarding the alignment of their various activities was acceptable, but also whether the 
objectives required by other teams for planning activities throughout the project life cycle were 
able to be sufficiently articulated. The responses of three planners working on the KA-CARE, 
Berezniki and Detroit projects reflect these challenges respectively. 

So we say that we are going to plan the most sustainable resources city in the world. But 
what does that mean, you know? I can’t recall having clear statement about what we want 
from the [plan] and what we need to do. What we did have tended to be quite ‘pie in the sky’. 
I think that it was the spirit of the brief that drove everyone on the programme team along. 
Really, there were two briefs: one a formal one on paper, and another that set the direction 
that we followed. 
Our brief was very vague - really not more than a page of A4. There was the description of 
some deliverables within it, but how the cross-sectoral aspect connected to it, that wasn’t 
clear … We struggled to provide the team and infrastructure engineers with sufficient clarity… 
If we were to do it again, I would try to get a much clearer articulation of what we were trying 
to get done. 

 
Projects such as KA-CARE and PlanIT Valley stipulated integrated infrastructure concepts as 
preferred development directions from the beginning and from within their project briefs. Both 
experienced difficulties later, however, in sustaining rationales that justified the relevance of these 
propositions to the projects’ other aspirations and aims. In contrast, other projects that did not 
have integration concepts embedded within their briefs did see cross-sectoral integration emerge 
as a cogent and clearly articulated response to the issues driving their project goals. In the case 
of Detroit, integration offered a distinctive route that would reduce the total ‘cost-to-serve’ of the 
city’s infrastructure networks, whilst simultaneously consolidating the city’s social and economic 
activities within prioritised areas. In Kuala Lumpur IFD, cross-sectoral integration similarly 
emerged as a principle that aligned the development’s sustainability and infrastructure strategies. 
It offered a framework for a planning approach that provided the client with the global exemplarity 
in sustainability and security design that they had aspired to. The client endorsed the team’s 
achievement in articulating a clear response to their strategic objectives by using the cross-
sectoral integration philosophy as a primary assessment criterion in considering design proposals 
for a second site that they acquired elsewhere in the city [Event 24]. 
 
Project experiences also confirm what was previously only postulated in the literature: integration 
not only benefits from a clear vision and strategic purpose, but it also benefits from formulating a 
set of objectives that feed into these. An engineer articulated the significance of resolving cross-
sectoral integration into more specific impacts, outcomes, and related objectives. 

If we look to reuse materials, we need to ask ourselves: ‘how is that tied up into the supply 
chain? How is that impacting physical movement and mobility across the system? Is it 
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impacting air quality? Is it impacting well-being? Does it link to issues of obesity?’ … Getting 
that crystallised early will help identify how we are being useful to what. 

Infrastructure design or reconfiguration is ultimately not an end in itself, and infrastructure 
integration is unlikely to constitute either what the client wants, or a city needs. Clarification of the 
ways by which integration provides a means for infrastructure to respond to contextual needs and  
to serve a purpose is therefore arguably a critical phase in the integration process.  
 
Several factors challenge the definition of a clear strategic integration purpose. First, several 
interviewees described difficulties in knowing which issues needed to be addressed by the 
proposed integration approach.   

I don’t think that from an infrastructure perspective we actually ever felt confident that we 
knew what the issues and needs were … [we as] planners developed this perfect thing in 
report form, but it’s actually flawed because we haven’t actually met the needs of the city or 
understood what the problem is. The problem was way more … than 'what do we start 
building infrastructure-wise?'. It would have taken a lot longer to solve that problem. 

Even on projects where some, often senior, individuals believed they had a reasonable grasp of 
‘the problem’ being addressed, the extent of their understanding was frequently not shared by 
other members contributing to the planning process. These stories from interviewees resonated 
with my own personal experiences in undertaking cross-sectoral analyses for the PlanIT Valley, 
Detroit Future City, and Berezniki Mining projects. For each of these projects I was typically 
briefed with a short, verbal description of the project and its current tasks, as well as given sight of 
whichever was the most recent set of project slides developed. On each project, I felt with 
hindsight that opportunities had been missed to contribute more effectively to their overall work. 
These opportunities concerned the use of different approaches to analysis, presenting findings in 
different ways, or using different methods to test assumptions in the models. With each 
experience I felt that better insight into the purpose of the project more generally would have 
mitigated these regrets of missed opportunity.  
 
Second, there were various patterns of solution-driven approaches to integration planning across 
the projects. As one planner confided: “we just got stuck into the modelling… when we got to the 
deliverable stage we were trying to retrofit the vision, issues and objectives.” These solution-led 
tendencies appeared in different ways. In some cases, it was the client who presumed in favour of 
integration solutions during early project stages, such as on the KA-CARE and PlanIT Valley 
projects. In other cases it was the planning team that proposed integration almost from the outset. 
This was the case when an individual with a personal interest in circular city systems proposed a 
looped-city concept for Detroit [Event 8]. Though the looping concept did eventually disappear 
from the evolving infrastructure proposition, its cross-sectoral design philosophy endured 

throughout the project. On later projects, teams tried to advance and expedite some of their 
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analyses by recycling and adapting integrated ‘solutions’ from previous projects. In the cases of 
Berezniki and Riyadh, both cities were faced with challenges in managing infrastructure 
investment. At the time of both projects, the successes of the Detroit Future City in using cross-
sectoral integration to address similar issues had recently been heralded within the company. The 
project teams subsequently replicated similar approaches in their modelling for the projects’ 
solution designs. In both cases, however, these analyses proved less effective and persuasive 
than it had been in Detroit. Both of their different contexts required that their projects’ 
infrastructure proposition engage more specifically with local issues of institutional fragmentation 
and liveability challenges.  
 
A final strategic purpose challenge existed in teams being uncertain about how to develop a 
strategic proposition for the integration of infrastructure. Current summaries of the process 

followed recount a series of desk reviews, meetings, interviews and modelling. Clarity of strategic 
purpose typically emerges after a few months of project work. No tools specific for strategy 
development tend to be used to support this process.51 Several interviewees expressed beliefs 
that a degree of ‘fortune’ shaped the articulation of a clear integration proposition. Several also 
highlighted that this was not necessarily a collective effort, but rather that the process’ success 
was often driven by the ability of a particular individual to think laterally and articulate strategic 
purpose. 
 
Alignment of stakeholder objectives 
Even if a clear strategic proposition exists, collaboration between the actors brought together for a 
common purpose embedded with a cross-sectoral design is only possible if their individual 
objectives align sufficiently (c.f. Innes and Booher 2010). One engineer declared that a “litmus 
test for whether a project will be successful” is whether it achieves clarity of stakeholders’ 
objectives, and that on integration projects in which these had been insufficiently considered, 
teams had “muddled through the whole way”.  
 
Yet understanding what objectives exist, how they relate to an integrated infrastructure design, or 
how they can be aligned more closely, appears to be a challenging task. Integration projects 
appear to specifically encounter challenges in engaging with the objectives of three loosely 
defined groups of project stakeholders. 
 
As a first group, there are the objectives for the ‘focus’ of the planning process: the city or 
development site. Insight into the nature of these objectives is usually mediated via the client-
practitioner relationship. In this relationship, the client is often treated as representative of, or a 
                                                        
51 There was a notable exception where one individual had developed a process for eliciting project 
objectives for a single-sector infrastructure system on a previous, non-integration project. Due to intellectual 
property complications, they felt however that they could not share this process tool more widely with other 
teams. 
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proxy for, a city’s development agendas. In some instances, no action was required from the 
planning team for either eliciting or aligning this group’s objectives. This was the case in PlanIT 
Valley where the confluence of three external parties’ agendas provided the impetus for a cross-
sectoral integration project [Event 5]. In other cases, the planning team had to proactively engage 
the client to ensure their objectives were aligned with an integration process. On the KA-CARE 
project, the client’s representative rejected a proposal to recycle material resources as their pre-
defined checklist of high-scoring and desirable technologies favoured the reuse of material waste 
for the energy sector. It was a concerted effort by the planning team to convince the auditors that  
all the underpinning objectives remained aligned irrespective of the specific design details that 
succeeded in changing the reviewers’ opinions. The circular design later scored highly in the KA-
CARE masterplan competition [Events 2, 3]. Several planners noted that clients on integration 
projects are often unclear about their own ambitions and priorities for a project until during the 

process. They often felt that the planning team had to proactively assume a role in supporting 
clients to uncover these. 

With our clients, it's [sometimes] not evident what they want, because they don't necessarily 
have all the information. So we won't know what they want, because we don't have all of the 
information. When we start to gather information to discuss it, then their objectives change. 

 
A second influential group of stakeholder objectives comprises those of the infrastructure and 
utilities actors in the city. These actors are often critically affected by proposed integration designs 
and plans, though not necessarily formally involved with projects. Engagement with the utilities 
often happens towards the later stages of a project, as was recounted by a planner on the Future 
Riyadh project. 

We did think about modelling projected water and energy consumption and the implications 
for infrastructure systems. But because of lack of control of the systems by [the client] we 
didn't do this. So now we need to think, how do we support the objectives of the water 
company to limit the amount of waste, so that their distribution network becomes more 
efficient? 

On some projects, a particular challenge was reported in engaging utilities to improve a city’s 
resource efficiency when these actors anticipated that a possible consequence of an integration 
project could be that their demand and revenue streams would be reduced, outweighing any 
operational savings incentives.  
 
Third, objectives need to align between the different disciplinary teams working together on an 
integrated design. As a colleague advised, clarity of the relationships between objectives is 
essential, as “if it’s not clear to [internal and external] teams you working with how they are 
directly affected by what you do, they won’t engage with you”. Lack of alignment between different 
teams’ objectives at times even resulted in design decisions that directly counteracted each other. 
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This was the experience of a frustrated infrastructure planner who had contributed to developing 
KA-CARE’s circular resource strategy. A few days before submission of a design the planning 
team was informed that their landscape architect partner had decided to incorporate several 
hundred trees into the masterplan. This invalidated the analysis that justified the team’s proposal 
for a circular water stream strategy [Event 1]. 
 
The challenge lies not only in understanding what a stakeholder’s objectives are, but also in 
ensuring that that understanding is shared where necessary. On each of the case integration 
projects, different members across the teams reflected on instances when oversight of objectives 
was not shared. 

There was a slight disconnect in this project because the person leading the project on the 
client's side was different from the client. There was a also disconnect there in terms of [the 
project leader] who met the client knowing the client's vision and objectives, and then the rest 
of the project team ... That's one of the things that would have helped: one big team meeting 
to share ‘what does the client want’. 
The objectives of the other teams? I’m sure [senior planner] knew them, but I didn’t feel I did. 
It was all a bit of a mystery to me. 

 
Finally, uncovering and aligning stakeholder objectives was rarely an explicit exercise within the 
integration process. There are project management procedures that require planning teams to 
reflect on project objectives at their outset, such as defining the project brief and developing 
internal Project Execution Plans. Analysis of the content of these revealed predominantly generic 
statements that provided little specific content about the details or risks that might inform 
stakeholder agendas. The process of articulating a set of objectives for the KLIFD client and 
project were flagged several times as “a benchmark of good practice for other projects to meet” - 
though exactly how these were aligned in practice or could be used on other projects remained 

unclear throughout the interviews. 

It was pretty much down to [one individual] who crystallised the thoughts of the client and 
their partners into a set of objectives. Then we played them back to the client so that we could 
align our infrastructure focus on those objectives. I think it worked really well. 

Recent feedback on the KLIFD work in eliciting the objectives said that the usefulness of that 
exercise lasted beyond the initial project period. It was revisited several years later to reflect on 
the evolution of the project and the successes achieved. 

Yes, it was a good reference point. It is important to try to get to that [initial objectives 
definition] position because it always acts as a reference point for what we are trying to do. 
We came back to it last week in a meeting we were having about [a new cross-sectoral 
aspect] that we are hoping to work with the client on now. 
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Engagement of social dimensions 
The approaches taken in practice to integration planning exhibited varying degrees of bias 
towards the technical aspects of the analytical and design processes. A tendency to focus on 
developing technical dimensions at the expense of social dimensions pervades both the content 
developed as part of strategic cross-sectoral integration, as well as its process. 
 
With regard to content, many of the solutions produced were very techno-oriented. Specific 
propositions for achieving cross-sectoral efficiencies or innovation have tended to draw on 
technological options such as smart systems, waste-to-energy plants, anaerobic digesters, district 
cooling chillers, etc. Integration does not, however, have to involve technological change or 
innovation per se. Though unreported in the literature, resource efficiencies can be achieved with 
integration of operational dimensions alone. Some of the options for cross-sectoral efficiency 

improvements via innovative programme management and budgetary control were exemplified in 
the later work on the Future Riyadh project [Event 20].  
 
Nonetheless, there is bias that disfavours work on social dimensions of integrated systems in 
comparison to technical work. This bias exists on both the ‘demand’ side of the project (i.e. the 
client), as well as its ‘supply’ side (i.e. the integration team). As a senior engineer explained, a 
focus on technical options is arguably unsurprising as much infrastructure and city development 
involves physical change, and that working with with many of the partners teams such as 
architects and landscape designers can be more straightforward when a conceptual principle can 
be translated into a physical implication. 

There was always this thing with KA-CARE that it was such a tech-focused solution. It was … 
blinded by the technical gear and not what we wanted the society to be … There was so 
much focus on how we can use a bit of tech and infrastructure to fix this, rather than ‘how can 
we develop a resource strategy that encourages people to do the [resource-efficient] thing 
practically? 
The client wanted technological [proposals] as opposed to … softer designs. We would have 
addressed resource management with more accurate pricing models, or environmental 
policing to control what could be imported into the city and all that. But even though they’re 
innovative [options], as there is no technology associated with interventions like that, it 
doesn’t count as the systems thing that they want. 
What we look at is new ways of cities running their waste systems. This does not have to be 
physical, but … [infrastructure and planning teams] are at the bottom of the food chain in 
these bigger teams that develop masterplans. So we needed to convert that waste idea into a 
product that an architect can look at and say ‘yes, I can see how I could install that and fit it 
into my design’. 

 
Many interviewees usually discussed the importance of taking into account the social dimensions 
of infrastructure systems when they reflected on the aspects they believed helpful in progressing 

an integration design from concept into more detailed masterplanning stages. They particularly 
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highlighted the significant role of social aspects when considering the feasible delivery and 
procurement of any developed integrated designs. Descriptions of social system dimensions that 
could be part of an integrated design ranged from outlines of revised institutional structures, to 
measures that would influence behaviours by building occupants, to the development of new 
infrastructure financing models.  
 
The degree to which these ideas were developed varied across the projects. On some projects, 
the team developed detailed designs of components considered non-technical and ‘soft’ 
components of cross-sectoral systems. This includes KLIFD’s work on the developments MUSCo 
performance contracts, which they believed essential for effective procurement of the 
technologies for the development’s various cross-sectoral plants in later construction phases 
[Event 24]. Whilst similarly detailed, KA-CARE designs for resource-efficiency strategies on the 

other hand received a much more critical reception as they were perceived to risk incompatibility 
with the prevalent, siloed Saudi Arabian utilities and infrastructure cultures and practices that had 
little tradition of complex resource management. Many of its proposed resource management 
interventions were also premised on future assumptions of significant citizen behavioural change 
that some analysts believed unlikely to occur. Similarly on the Detroit Future City project, one 
planner lamented that they believed that the integration process had ignored the social reality and 
context of the project at the expense of its likely success.  

I always felt that there wouldn't be funding or a way to actually execute if we did come up with 
an infrastructure solution. I don't think we would have had the means to go through with it. 
And I think that if we had allowed ourselves to think about it more, we would have seen that. 

 
In comparison with the degree of effort dedicated to the collection and development of technical 
evidence, such as the modelling of resource flows, costs, carbon footprints, etc, the volume of 
‘social’ evidence collected and developed was typically considerably lower. The types of softer 
evidence synthesised and developed included stakeholder agendas, details of existing funding 
mechanisms, policies, political agendas, cultural aspects of context and institutional practices. 
The bulk of ‘soft’ analysis was often reported to be undertaken later in the planning process, 
commonly perceived as part of the later analysis that informed the implementation and delivery 
aspects of the projects. Some interviewees even expressed doubt as to whether the analysis and 
design of these social aspects should even be considered part of the core planning tasks in 
systems integration.   

In meeting the utilities, in my view, we jumped into technical detail too quickly. In a perfect 
world, it’s the [social] information we should have liked to have had access to. Then it would 
have actually been an entirely different set of information to start with. 
The political infrastructure … that is the piece of infrastructure that was not understood. As 
designers it would have been helpful to know that: ‘this particular person has great 
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relationships with this infrastructure company and knows that they are having a hard time with 
this [issue].’ And then we could have decided to focus there and leverage action that way. 
In a sense these are quite theoretical projects … our role as engineers and planners is to 
figure out about ‘what’s the best way to approach this’. Then there is a next step that links 
that with who is going to implement this and how and where and when and why. But that’s 
almost another step. Who steps up and takes that, I don’t know. 

 
In practice, the responsibility for engaging with the social dimensions of integrated design typically 
ended up with a specific member of the team, or a specific team. This was the case with the 
Detroit Future City project partner ‘Engagement Team’, who as one analyst expressed “did really, 
really great work although I wasn’t quite sure what our systems work got from it”.  
 
Overall, the impression from the planning teams was not necessarily that the significance of the 
social dimensions of the process was not acknowledged or appreciated, but rather that they felt 
uncertain as to how to best engage with them. Several projects undertook a ‘public engagement’ 
exercise that comprised workshops in which non-expert members and external interest groups 
participated [Events 10, 14, 19 in Detroit, Berezniki and Riyadh]. Interviewees often presented 
these project activities as cornerstones in addressing the social dimensions of integration. Yet 
they also usually caveated this with reflections that they remained unclear of how these exercises 
truly provided inputs for their ongoing technical work. Many felt these types of exercises required 
a type of practice that went beyond their core skill sets, with one observing that: “I just don’t think 
infrastructure planners have that kind of expertise in knowing how those kinds of things are done 
… or how to go about securing types of support.”  
 
In terms of the practical ways of working on integration projects, even the social dimensions of 
planning practice itself were often compromised, as practitioners habitually worked in ‘expert 

mode’ for the majority of time spent on a project (see Franco and Montibeller 2010). In ‘expert 
mode’ a project problem situation faced by a client is presented to the consultant, who proceeds 
to build a model of the situation, then solves the model to arrive at a solution, and consequently 
provides a recommendation to the client based on the obtained solution. The wider prevalence of 
this way of working within the planning consultancy industry means that even within the planning 
teams themselves, time is spent isolated on distributed analysis, at the expense of time spent 
working together in more collaborative and social ways. 
 
Longevity and ownership 
A major challenge area encountered on all case projects comprised barriers to achieving 
ownership and subsequent longevity of the integration proposition. Irrespective of the degrees of 
clarity of strategic purpose, alignment of stakeholder objectives, or the extent of engagement with 
the social systems dimensions, both projects formally completed or those still ongoing several 



4. Challenges 

111 

years after their initial work on integration concepts are all either no longer proceeding, or 
experiencing difficulties in procuring and implementing integration ideas into practice.  
 
Over the case projects’ lifetimes, integration ideas have been discarded, diluted, forgotten or 
shelved indefinitely. Typically one or more instances occurred within each project at which critical 
buy-in into the strategic purpose and value proposition for cross-sectoral integration was not 
secured from the project’s team partners, client or wider project sponsors. A lack of ‘ownership’ of 
the integrated designs by these stakeholders soon often became apparent. This then 
compromised the longevity of the planners’ work as in absence of a project team once the project 
would be formally closed, no party would be assuming responsibility for developing and 
maintaining the necessary relationships of exchange and dependency between different sectors.  
 

In instances where project team partners discarded integrated design ideas, this usually occurred 
when these partners appeared to not have bought into the wider intentions behind the circularity 
and integration propositions. This was the experience on both the PlanIT Valley and Berezniki 
projects, in which the two architecture firms leading the masterplanning processes did not 
incorporate cross-sectoral elements into the final designs that they presented to the client [Events  
6, 15 respectively].  
 
In other instances project partners diluted integration design concepts as a consequence of not 
fully understanding the design of the value proposition. For example, the material resource 
management strategy on the KLIFD project proposed an approach that consolidated import and 
export of all goods across the site into a handful of material logistics ‘hubs’. The intention was to 
free up space for development, as well as significantly reduce the goods-based traffic volume. 
The latter would both enable a number of innovative public transit options, as well as make a 
number of novel waste treatment methods viable with bulked waste volumes. The client team, 
however, had apparently either not fully understood or bought into the cross-sectoral 
dependencies of this integrated waste management approach. Unbeknownst to the planning 
team they offered tenancy contracts to large retailers and hotels in which they agreed to provide 
them with individual goods management infrastructures as these prospective tenants were averse 
to sharing facilities [Event 26]. As one of the engineers described, “it then all broke down and we 
had to go and change all our designs”, removing opportunity for the site’s integrated 
transportation and waste management innovation. 
 
On other projects, some of the knowledge developed through investing in integration ideas 
appeared forgotten over time. A notable example is the KA-CARE project, in which circular 

integration ideas featured so prominently during the early concept design stages. Whilst these 
ideas were eventually discarded as the economic premise of the larger project itself changed, 
what is interesting is that there was no knowledge or memory of the considerable effort and 
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history of work dedicated to developing these integration ideas by those currently working on the 
project [Event 4]. The interest in this incident is not only that considerable financial resource is 
often committed over time to developing ideas on infrastructure integration projects and that 
inefficiencies should be reflected upon, but also that there is an opportunity cost when planning 
consultants utilise their skills and available time on one project and not another. It should 
therefore be questioned why much of the knowledge and learning developed had not been 
transferred internally - especially as a senior project sponsor confided that from its early stages 
already, several within the team had anticipated the project to be “doomed to failure”.  
 
In order to achieve longevity of systems integration, ownership by the utilities and institutions that 
manage infrastructure networks is critical. As two planners reflected on their challenges in 
achieving traction and longevity on the Riyadh and Detroit projects respectively, in order to avoid 

rejection or shelving of ideas by these stakeholder groups, utilities needed to not only understand 
the proposition, but also buy into it and own it. 

We needed someone who would see through implementation of our project and therefore 
would buy into it. We know that the plan ultimately becomes part of local planning documents. 
We could have done more to disseminate our thinking to those people who were actually 
going to have to implement it and to buy into the principles of what we were saying. We had a 
few sessions, and they said 'yes, this is good'. But whether they became owners of it, we 
can't be able to say for sure. 
I got the impression there was quite a lot of push back from the utility planners or investment. 
It was quite difficult to get that kind of binding engagement from them. I didn't sort of sense 
that there was a revelation moment that resolved that. And so it’s maybe not surprising that 
we now still don’t have them making use of the ideas. 

 

Longevity not only requires buy-in and ownership, but it should also equip those eventual ‘owners’ 
with an understanding of what may be required of them. They should be supported with 

information about the means available to them to help them maintain the necessary relationships 
and conditions for continued cross-sectoral collaboration.  

I’m very scared at the moment that we’re going to give the client something that they won’t 
use. What is the point? I’ve worked where you have umpteen reports on the wall. But 
because we haven’t had the client very engaged in the process, I’m scared we’ll give them 
something they don’t know how to use. As long as we get ownership at the right level in the 
client team, then they will [intervene] when e.g. Mr. Water isn’t following [the resource 
strategy] and remind them of why we are doing this. 

It is partly also the nature of these projects that generates challenges to assuring any longevity of 
their core integration ideas. As infrastructure integration projects typically lead up to decisions 
about very high capital investments, they tend to undergo multiple iterations of design, auditing 
and redesign. They also tend to involve very large numbers of project partners and wider 
stakeholders. Typical project timelines are therefore consequently very long, often spanning 
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several years. What this meant for practitioners working on case integration projects was that 
their project teams saw significant flux in terms of their composition, and none had the same 
individuals working on visions, concept, detailed design and implementation throughout. 
 
Fragmented ways of working 
One final theme describing the challenges in developing integrated infrastructure comprises the 
different forms of fragmentation encountered on projects that affect the experiences in practice. In 
spite of their branding and presentation as successful and pioneering cross-sectoral integration 
endeavours by those who worked on them, many of the projects struggled to achieve outcomes in 
which the whole was more than the sum of its disciplinary component parts. 
 
In terms of deliverables and designs, several interviewees commented that eventual project 

reports involving integrated infrastructure were little more than a compilation of the contributions 
of different disciplinary teams. Most of the reports were sectioned with infrastructure and resource 
chapters organised under sector-specific headings of: ‘energy’, ‘water’, ‘transport’, ‘waste’, etc. As 
one planner mused, “it’s ironic - you start siloed, go cross-sectoral, but then in delivery end up 
back in silos.” Most final project reports did usually include a section or diagram that brought 
together the disparate sector propositions, such as KA-CARE’s circular metabolism concept 
illustration (see figure 14). As an interviewee noted, however, such a connecting device could 
easily be lost upon a reader skimming a 100-page masterplan document. The rationale for 
presenting integrated designs with sector-based chapters appears to be grounded in assumptions 
that this kind of approach will make the content more easily accessible to those stakeholder 
groups who need to engage with, and buy into, their contents. As these stakeholders tend to work 
formally in institutional structures that are siloed according to sectoral themes, the sectioning of 
project ‘products’ inevitably follows suit.  
 
Fragmentation exists not only in the outputs but also in the ways of working between disciplinary 
teams. All case projects involved multi-disciplinary teams with engineers, planners economists, 
architects, etc., working for example on energy, water, transport, waste, and landscape strategies. 
Project work is typically divided up into tasks for professional disciplines and structured into 
discrete work packages. As a planner reflected, “we just end up saying 'I'll do my piece, and you 
do your piece’”. Several interviewees referenced the fact that as a result of this fragmentation of 
work, they at times experienced frustration when they felt other colleagues “had a lot of 
information locked in their brains” that they could have found useful. Some lamented that even 
after months of work on integration exercise, a sense of connectedness between the work of 
different individuals and teams would fail to have realised. 

After a year, it still feels completely disjointed. 
No one in our team knows what the other teams are doing. 
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We have no idea of what’s happening with the whole thing. We just do what we think we need 
to do. 

 

Some of these experiences are not unique to cross-sectoral integration projects. They are, 
however, typical experiences and challenges encountered on large masterplanning projects 
undertaken by multi-disciplinary teams, frequently not based in the same offices (see Rapoport 
2014). Some of the positive experiences of working across sectoral teams involved individuals 
being based within the same building, and sometimes even within a few desks of each other. Two 
engineers explained that some of their success in collaborating on KLIFD’s multi-sectoral water, 
energy and materials was helped by being sat directly next to each other: 

We were hired for this job because we could think big and work connected. [My colleague] 
would work on the water strategy, and I would be doing the energy strategy. We were sat next 
to each other so we would bounce ideas of each other constantly. And sometimes we’d be 
like, let’s get in a room with some paper and pencil and figure this out. There was a lot of that. 
It made what we ended up with really good. 

 
When explaining how integration of the ideas from different disciplines is actually achieved in 
practice, several described it as the effort of individuals, rather than a collective exercise. In fact, 
many described integrated analysis as the skill and ability of a few ’T-People’ - individuals with an 
ability to understand both detailed contributions from specific sectors, as well as a wider 
background that allowed them to combine this with other disciplinary knowledge. How this 
cognitive process of integration happened for these individuals remained black-boxed, however. 

It’s [individual X]’s skill. He is very good at getting information out of people and synthesising 
it and putting it back. He is very good at seeing connections and pulling ideas together 
It was all down to [individual Y] and his ability to communicate with people and extract 
information and synthesise it in his brain. 
How did I do it? It's human problem solving. You load your brain up with all of the challenges. 
And after a few nights' sleep you synthesise the solutions in some way … it’s a kind of black 
box where you put data into one end, the brain does it's amazing prioritisation, and then you 
[know what to do]. 

 

 

4.3 Effectiveness, efficiency & distinctiveness 
 
Throughout the accounts by planning practitioners of their experiences working on cross-sectoral 
projects and their reflections on the challenges encountered, they repeated shared concerns 
about the value and quality of the infrastructure integration process. This research proposes that 
their concerns can be broadly related to three aspects that combined describe the overall 
‘performance’ of infrastructure integration practice. It is proposed that the performance of 
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infrastructure integration practice is described by: first, the effectiveness of the integration 
planning process; second the efficiency of the integration planning process; and third, the 
distinctiveness of the integration approach.  
 
Effectiveness 
Planning is by definition a purpose driven practice (see Rydin 2010). On some project 
experiences, however, there appeared to be conflicting views about whether the integration 
activities were resulting in approaches that were serving projects’ underpinning purposes. As one 
practitioner on the Berezniki project commented:  

The project was a success if you look in terms of money and in terms of getting deliverables 
done in time. But in terms of outcomes, maybe we could have done a bit better… We’ve 
given them a good product … we gave them a product they are happy with. … It’s just that we 
sell ourselves as integrated service planners [and the plan is not]. They haven’t got what they 
need. But they got what they want.” 

While experiences have shown that there are difficulties in achieving clarity of purpose for the 
integration proposition, it remained unclear why after six years of project experience this remained 
seemingly as challenging as on the earlier project experiences. It appears that there is a 
considerable knowledge gap that affects practitioners’ understanding of what is causing difficulties 
in ensuring integration projects achieve their intended purposes and outcomes. This includes lack 
of insight into what can be done to develop the required socio-technical knowledge more 
effectively, while also achieving better buy-in and ownership throughout the planning process. 
 
Efficiency 
Several interviewees reflected on the messiness of the process in which “lots of people were 
working without lots of clear direction for a long time”. An assumption made in this thesis is that 
planners, whether publicly or privately employed, have a responsibility to ensure that their 
contributions to a planning process attempt to maximise the scale and quality of outcomes for the 
amount of resource, skill and opportunity cost that they invest in it. They need to understand what 
makes the nature of integration practice so messy, and whether any changes in the approaches 
or tools used could help produce contextually-relevant and detailed socio-technical designs for 
integrated systems more quickly, as well as clarity and alignment of objectives earlier and 
consistently throughout the process.  
 
Distinctiveness 
The aspiration for integration work is that something happens in the process that results in the 
outcomes amounting to more than the sum of its different disciplinary contributions. This is what 
systematically differentiates cross-sectoral integration practice from more conventional single-

sector infrastructure planning projects. In order to best support this distinctive, generative nature 
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of the process, however, practitioners need to understand how it arises. Identifying the underlying 
commonalities of integration practice is not straightforward however, as one interviewee reflected.  

If I’m honest, we might say that, that ‘we’re doing this big, great integrated thing’. But in reality 
this project didn’t feel different from other projects that weren’t presented like these unique 
integration achievements. I’m not sure how we could change that really. Or at least, if we 
could afford it. 

For a planning practice such as BuroHappold, distinctiveness is a key aspect of its commercial 
value. It is in their interest to convince cities and developers that its consultants have an 
understanding of planning approaches that add value in more effective and efficient ways than 
other planning firms. In a case such as BuroHappold’s, the evidence that they present for 
justifying their value has to be easily understood in international contexts. Why should, for 
example, a development in east Asia consult a UK-based planning group to advise on cross-
sectoral infrastructure and resource strategies? What unique knowledge and capabilities are they 

able to bring into the development process? It is therefore that pursuing deeper explanation of the 
distinctive nature of cross-sectoral integration in an evidence-based way is of particular interest to 
this project’s sponsor. 
 
Conclusions 
This chapter provided description of the challenges in cross-sectoral integration practice. It 
reflected on the experiences of six projects within one planning practice. Five themes were used 
to present these challenges: ‘clarity of strategic purpose’; ‘alignment of stakeholder objectives’; 
‘engagement of social dimensions’; ‘longevity and ownership’; and ‘fragmented ways of working’.  
 
Case experiences validated some of the propositions previously made in the literature of the key 
challenges affecting integration, such as the importance of clear strategic purpose and the 
difficulties in aligning multiple objectives and achieving buy-in for long-term ownership. The 
experiences contributed evidence from experiences in a wider range of political, cultural, and 
economic contexts than previously available. Crucially, it also focused on the experience of the 
practice of integration specifically.  
 
Any attempt to enhance the effectiveness or efficiency of strategic integrated infrastructure 
planning practice should consider the potential insights that this descriptive evidence base offers 
for the explanatory models used to make interventions in planning practice. A consideration of the 
relationship between the events recounted can inform diagnosis of why these challenges arise, 
and how they are influenced by contextual factors. 
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5. Mechanisms 
 
 
Both the literature and case study material collected for this research presented in the two 
previous chapters describe challenges and opportunities in cross-sectoral integration that are 
distinctive from traditional single sector-focused infrastructure planning experiences. What exactly 
gives rise to these distinctive experiences, and what does that mean for planning practice? In line 
with this research’s critical realist philosophy, it is believed that there are likely to exist multiple 
mechanisms in the Real domain (see Section 2.2: ‘Critical realism’) that give rise to these 
distinctive integration outcomes, and that these can be used to explain observed events and 
experienced challenges. 

 
This chapter contributes to two stages of the experiential planning cycle that provides the 
structure for this research’s approach: ‘observation and reflection’ and ‘forming abstract concepts’ 
(see Section 2.1: ‘Experiential planning’). It demonstrates how theoretical concepts can be used 
to develop the relationship between these two stages. It draws on the descriptive work of the 
previous chapter in order to retroduce candidate integration mechanisms and construct a complex 
adaptive systems (CAS) of infrastructure integration practice. This will provide explanations that 
respond to the second research question (see Section 1.5: ‘Research structure’): 
 

‘Why do the identified challenges arise on integrated infrastructure planning projects?’ 
 
This work is presented in four parts. First, a brief outline of some of the key structural systems 
entities that will be used for redescription is provided (Section 5.1: ‘Redescription’). Then, four 
retroduced mechanisms that shape integration practice are outlined (Section 5.2: ‘Retroduction’). 
The third part (Section 5.3: ‘Corroboration’) employs these postulated mechanisms to explain the 
challenges encountered and described in Chapter 4 (‘Challenges’). Finally, a summary CAS 
model of integration practice is presented, which will be used in the following chapters to identify 
areas for intervention to enhance its performance (Section 5.4: ‘Conclusion’).  
 
 

5.1 Redescription: entities in integration 
 
There is no definitive approach for redescribing explicated events, though Wynn and Williams 
(2012) do suggest that the use of existing theoretical constructs can provide a helpful starting 
point. This research uses CAS entities and principles to redescribe integration experiences. This 
applies a systems thinking ‘lens’ capable of transcending disciplinary infrastructure sector 
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boundaries,52 as well as offers compatibility with critical realist research approaches.53 As 
demonstrated by Portugali (2011), Alexiou (2011) and Innes and Booher (2010), CAS also enable 
representations of planning practice that support research in considering processes that transition 
between the levels of individuals, groups, and wider city systems.54 
 
Systems are sets of elements that purposively interact with one another to achieve a common 
purpose. The combined functionality of these elements is greater than that of the sum of their 
constituent parts. Three systems aspects are primarily used to redescribe integration events: 
‘agents’, ‘interactions’, and ‘boundaries’. Figure 24 provides a visual summary of these aspects 
and entities that will be used to redescribe integration practice. 
 
Figure 24. Entities in infrastructure integration practice CAS55 

 
 
 
Agents 
An ‘agent’ is a self-contained entity within a system. Agents are typically identified according to 
type, which describes their common characteristics. Typical agent types in integration CAS could 
be ‘human’ and ‘non-human’, though it is often useful to further distinguish with descriptions of 
‘planners’, ‘engineers’, ‘utilities operators’, ‘models’, ‘diagrams’, ‘masterplans’, etc. It can also be 
helpful to acknowledge that non-human agents can be either ‘tangible’ or ‘intangible’ types (e.g. 
physical map or intangible planning policy). 
 

                                                        
52 See Section 1.4: ‘Systems thinking lens’. 
53 See Section 2.2: ‘Systems thinking’. 
54 See Section 3.2: ‘Complexity and planning’. 
55 CAS representations such as this figure are illustrative abstractions, as more accurate representation of 
the high numbers of constituent CAS agents and interactions would risk obfuscation of the intended 
messages within the visual representation. 
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Agents are characterised by their attributes and the relative states of these attributes. Attributes 
can range from an agent’s power to influence processes, to their location, or to their capacities to 
take action. In planning, this includes an agent’s ability to influence the perspectives of other 
agents, an agent’s skilfulness in a particular analytical activity, or even the influence of their 
reputation as an expert. Their individual disposition to taking a particular type of action is called 
their ‘tendency’, which could include biases against certain types of analysis or strong self-
perceptions of professional legitimacy. 
 
Agents can themselves be conceived as systems that have their own sub-system entities. There 
are certain intangible subsystems that are important to the social nature of planning practice. 
These include ideas, knowledge, worldviews, values, objectives, etc.  
 

Agents are illustrated as circles and squares in figure 24. For distinguishing between agents and 
subsystem entities, circles are used to denote the former and squares the latter.  
 
Interactions 
A system’s behaviour is determined by the interactions between its agents. Interactions result in 
the flow of information or alternative types of ‘stock’, such as economic or political capital, 
between agents (Meadows 2009). These interactions can be executed through the direct 
exchange of intangibles (such as dialogue); the direct exchange of tangibles (such as reports); or 
indirectly by means of observations of another agent’s actions. 
 
Albrechts (2013:17) describes three types of contributions that agents make to the strategic 
planning process through interaction. First, agents can make substantive contributions, which 
comprises sharing of information and content with another agent. Second, these can make 
procedural contributions, for example by making skills and analytical capabilities available to a 
process. Third, interactions can contribute with process influence, in which the powers of agents 
result in changes of participation levels or perceived legitimacy of the process.  
 
CAS interactions can have feedback loops. This is a pattern of interaction between two agents 
where a change in one agent affects the flow of information or other type of stock into or out of 
another. Feedback loops either reinforce a direction of change (known as positive feedback loops, 
which over time lead to exponential growth or escalating collapses), or work in opposition to 
ongoing change (known as balancing feedback loops, which over time lead to states of equilibria 
and are sources of stability or resistance to change). 
 

Interactions are illustrated in figure 24 with arrows. Thin arrows denote interactions that make 
substantive and procedural contributions. Dashed arrows denote substantive and procedural 
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relationships between subsystem entities from which a critical integration property emerges. 
Thicker double-headed arrows denote interactions that influence process. 
 
Boundaries 
A system is defined by its boundary, denoted in figure 24 with dashed curved corner rectangles. A 
boundary distinguishes between entities considered to comprise a system, and those that belong 
to an external environment. In the external environment there may be forces that exert influence 
on the system’s behaviour, such as the cost of a resource or global political change. System 
boundaries can be open or closed. In a closed system there is no interaction with the surrounding 
environment. Closed systems do not exist in the social world and “the world is a continuum… [in 
which] there are no separate systems” (Meadows 2009:190). Planning systems are therefore 
open systems with porous boundaries. 

 
The definition of a boundary is a matter of choice. Boundaries are often defined around sets of 
agents and interactions that produce a characteristic purpose or function for a system. Critiquing 
where a system’s boundary should be applied is therefore an important aspect of critical reflection 
on the social world (Midgley 2000). 
 
 

5.2 Retroduction: mechanisms in integration 
 
Four mechanisms were identified for explaining the observed challenges and related experiences 
of Chapter 4. These four do not provide an exhaustive set of all causal mechanisms likely 
involved in shaping the integration process. They were identified and selected for inclusion in this 

thesis as a product of their utility in explaining the observed outcomes. 
 
The process of retroduction that yielded these four postulated mechanisms relied heavily on 
coding (see Section 2.5: ‘Data reduction’) as a practical means of moving between observations 
and relating these to structural systems entities. The use of CAS entities facilitated reflections on 
the types of agent power or tendencies that might be changing, and the types of system 
properties that might be emergent from interactions between these entities. This was a highly 
iterative process that explored multiple ways in which themes and concepts could relate to 
possible mechanisms. Often initial thoughts on what could be happening within the Real domain 
were derived from ideas signposted in the systems integration or other bodies of planning and 
decision support literature. These have been highlighted in descriptions of mechanisms where 
relevant.  
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I. Coordination of distributed capabilities 
The planning of integrated infrastructure requires access to knowledge from multiple disciplinary 
areas. This includes knowledge not only from sector-specific areas (such as waste, energy, water, 
and transport), but also non-resource specific areas of expertise (such as organisational 
management, history of the context, policy and regulation, and finance). The required knowledge 
is distributed across different artefacts, such as local development plans and infrastructure 
system manuals, as well as the minds of human expert agents. These distributed knowledges 
remain inaccessible to an integration process unless they can be coordinated and brought 
together.  
 
The membership of planning teams working on the early phases of integrated infrastructure 
development typically reflects the multi-disciplinary knowledge believed required. Despite 

contributing to a common integration process, however, the individuals engaged may not be sat 
within the same room, same office or even same country. They may never meet face-to-face. 
Over time, their relative level of engagement in the process is also likely to differ, as the relative 
focus on different disciplinary aspects of an emerging integrated design varies as different 
aspects of concept, design and delivery are considered. Some participants will be heavily 
involved at some stages, some less so, and others not at all.  
 
It is impossible for any single agent to have awareness of all knowledge relevant to systems 
integration. First, the knowledge of the different socio-technical design considerations is 
distributed across different sectors, different stakeholder groups, different locations, and different 
moments in time. It is likely beyond the computational capacity of any individual agent to store all 
of this information. Second, much of the needed information is contained within the minds of 
different agents. Third, as the integration practice system is dynamic, changes across the system 
of relevant knowledge will change too fast for any single individual agent to be capable of 
monitoring and interpreting it independently. The knowledge needed to inform the integration 
process must therefore be coordinated into a networked, dynamic system of knowledge. 
 
Finally, it is not only knowledge that is distributed across agents that must be accessed and 
coordinated. Integration practice also requires coordination of agents’ powers, such as the 
analytical and problem-solving capabilities of different disciplinary and professional groups, as 
well as their capacities to influence different stakeholder groups to support implementation. 
 
The mechanism 
It is argued in this thesis that there exists a mechanism in the Real domain that comprises the 

coordination of diverse and disparate capabilities from multiple human and non-human agents 
throughout the integration practice system. ‘Capabilities’ is used as a description of the 
substantive and procedural contributions made by agents, encompassing their capacities to 
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contribute knowledge and insight, as well as cognitive processing and other actions to the 
integration process.  
 
This mechanism that pools capabilities makes available the set of resources that will shape, and 
be shaped by, the integration process. It does not extract capabilities from agents, but rather 
provides a means of creating access to a collective resource. The pooled resources will vary in 
terms of their nature and content as a result of the homogeneity of the agents from which they are 
derived. These capabilities comprise the subsystem entities, attributes, and powers introduced in 
the previous section (Section 5.1: ‘Redescription’) and will include knowledge, experiences, 
analytical perspectives, processing capacities, etc. It includes their capabilities for analysis; 
capabilities for influence; and capacities to act (Alexiou 2011). Agents can provide indirect access 
to capabilities of agents elsewhere in the system that are not themselves connected to the 

integration process. A transport planner may have access to a demographic model, for example, 
that belongs to an external organisation and that cannot be directly accessed. While its contents 
cannot be directly pooled, its insights can be relayed and contributed.  
 
Structurally, the co-ordination mechanism involves an integrated design space in which the 
distributed capabilities are pooled. This space may or may not exist in a physical form, but it is 
argued that in the Real domain there is a subsystem with an open boundary that provides agents 
with a space to contribute and access knowledge and ideas. From the perspective of those 
participating in the integration process, this space is likely most easily imagined as the conceptual 
arena in which ideas and ‘products’ emerge. These may sometimes have been articulated 
verbally or in written form in reports or models, but during early concept stages they may only 
exist in obscure, intangible forms. Figure 25 illustrates the coordination mechanism within an 
integration CAS, activated as agents connect to an integrated design space by contributing 
knowledge and accessing contributions of others. 
 
Figure 25. Integration mechanism I: coordination of distributed capabilities  
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Portugali (2011:160) conceives a similar construct to the integration design space, which he terms 
the “common reservoir”. He argues that the common reservoir is a global system that mediates as 
a collective memory of all planning knowledge shared between those designing and planning 
cities. He proposes that this reservoir can be found on a planning team’s discussion table, in parts 
of the city, or city as a whole. Though Portugali does not present it as this, a critical realist 
perspective translates these tangible artefacts, whether a planning table full of maps, or the 
physical form of a city, as Empirical domain manifestations of a deeper shared reservoir that 
exists in the Real domain. The integrated design space accessed in integration Mechanism I 
could therefore be described as a subsystem of Portugali’s broader common reservoir of all 
planning knowledge. 
 
Actors’ awarenesses of the integrated design space with its pooled knowledge and resources 

may or may not be explicit. A project leader will typically use project materials such as reports, 
presentations, meeting minutes, and emails to provide tangible reference points for coordinated 
integration capabilities. If made explicit, it can improve an agent’s awareness of the contributions 
made by other agents to the integration process, and could provide improved understanding of 
their specific role.  
 
II. Population of multi-dimensional integrated design space 
Infrastructure integration emerges from an understanding between agents about an opportunity 
that can be collectively pursued. That opportunity could be in any stage of maturity and 
development, whether an obscure aspiration, a vague concept design, or a detailed delivery 
programme. What is essential for synergies between the actions of multiple agents, however, is 
that their interpretations of the opportunities and threats that characterise a situation overlap 
sufficiently. Agents will inevitably differ in their subjective interpretations of a situation; however, 
when there is sufficient shared agreement on grounds for action, there can be a common purpose 
for infrastructure integration practice. 
 
In absence of standard integration products or processes, a mechanism must exist that gives rise 
to such a collective understanding regarding the ‘problem’ and ‘solution’ characterising an 
integration project. This process will inevitably assemble and synthesise pieces of information 
from different disciplines and sectors. By connecting these pieces of knowledge, a cross-sectoral 
overview of the issues that create the need for an integrated system emerges along with their 
relationships to options to be considered for any responses. 
 
The mechanism 

It is argued here that there exists a mechanism in the Real domain that ‘populates’ the multi-
dimensional integrated design space by building connections between different aspects of two 
subsidiary problem and solution ‘spaces’. These two spaces are subsystems of the knowledge 
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contained within the integrated design space. Within the boundary of the problem space there 
exists knowledge of the issues and challenges that provide the context for the integration 
process. In the solution space, pieces of knowledge can be found that cover the alternative 
infrastructure response options, as well as considerations for their implementation and details that 
could affect the realisation process. Where solution elements respond to specific issues and 
challenges, or innovative ideas shed light on the context of an integration project, connections are 
made between these respective aspects of understanding the problem and solution spaces. 
 
Sense-making of the information within the integrated design space is distributed amongst the 
agents involved in the process. Each agent has a different mental model of the problem faced and 
its relationship with potential options for response. Overlap between these individual and shared 
models is developed through an iterative process in which agents contribute content to the shared 

integrated design space, as well as observe the contributions of others. Figure 26 illustrates the 
iterative process of observation and reflection that aligns agents’ understanding of a situation, 
where circles represent agents, and squares constituent knowledge elements of a mental model. 
 
Figure 26. Alignment of individual and shared models of the problem and solution subsystems that 
characterise an integration process 

 
 
When an agent makes a contribution to the shared integrated design space, other agents can 
observe this and consequently reflect on how that element aligns with their internal model (steps 
1 and 2 in figure 26). In human agents this process is cognitive; in a non-human agent (e.g. 
computer program), this process similarly invokes a set of logic tests in an algorithm. Reflection 
on an observed piece of information could reveal inaccuracies or incompleteness within an 
agent’s mental model. They may subsequently decide to make corresponding adjustments. In 
turn, they can then respond by contributing their own piece that they believe relevant (steps 3 and 
4 in figure 26). For example, an agent may propose new elements to contribute to the 
understanding within the problem space based on their knowledge of historical issues or personal 

experiences; or they may propose aspects for the solution space based on their interpretation of a 
problem aspect; or they may challenge the accuracy and relevance of others’ contributions and 
flag risks in the solution space. Engagement with the contributions of other agents can happen in 
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several ways. It can happen synchronously or asynchronously; and can use direct communication 
(e.g. via dialogue) or indirect communication (e.g. via drawing).  
 
As the cycles of reflection, contribution and feedback continue, the mental models within 
individual agents are developed through learning. What also emerges as agents identify and 
contest ambiguities within the integrated design space is an adapted, shared vocabulary, or 
‘language’, that agents use as they communicate across disciplinary boundaries (see Franco 
2013). 
 
The detail and accuracy of the contents of the integrated design space will change as agents look 
to improve its content in terms of its relevance (i.e. does a proposed solution aspect correspond 
with information about the problem context?); its specificity (i.e. is there sufficient information with 

either the problem or solution space to claim validity and robustness for a specific connection 
between the two?); and its workability (i.e. does a problem-solution proposition fit within the 
constraints of a problem context and solution?). 
 
As has been argued in the group facilitation literature, the quality of a collective process 
developing a shared understanding is affected by the relative balance between approaches that 
encourage high volumes of contribution, which could lead to information overload, and 
approaches that encourage lower intensity of contributions by agents, but which could result in 
insufficient levels of information for robust decision-making (Russo and Schoemaker 1989). A 
mixture of diverging and converging contributions to the problem and solution spaces, as well as 
a mixture of creativity and disagreement earlier during the process, are therefore likely to be 
conducive to a productive design process (Roschelle 1992). 
 
The structures and behaviours of related problem and solution subsystems co-evolve. What 
emerges from the interactions between these subsystems is an increasingly clear narrative of the 
ways by which an integrated systems design responds to a particular problem context. This 
emergent insight provides the strategic purpose for an integration exercise. Where grounded in 
an understanding of the relative strengths, opportunities, weaknesses, and risks of a situation, the 
definition of goals and corresponding problem-solution relationships provide the strategic 
proposition for integration. The shared meaning that emerges from this collaborative sense-
making does not, however, necessarily imply or necessitate consensus by agents on all the 
details of the problem and solution subsystems (Franco 2013).  
 
Notably absent from this conceptualisation of strategic integration proposition construction is the 

notion of the expert planner or planning team, who imposes an idea upon a problem context. 
Instead, the multiple interactions between agents establish a ‘bottom-up’ approach to constructing 
an integration proposition. As Brand and Gaffikin (2007) highlight, this process of collective 
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problem reformulation and solution development is iterative and endless rather than linear and 
exhaustive. Figure 27 summarises this development of the integrated design space content and 
relationships of the problem and solution spaces, as well as the consequent emergence of a 
strategic proposition for integration.  
 
Figure 27. Integration mechanism II: population of multi-dimensional integrated design space by developing 
problem-solution space connections. Marked in blue is the emerging strategic proposition 

 
 
III. Construction of ideas of interdependence 
Infrastructure integration is premised on interdependence of the interests of different system 
agents. Integration requires complementary actions that affect system elements distributed across 
different sectors and stakeholder groups. These groups include planners, engineers, clients, city 
decision-makers and others interest groups. These actors are typically autonomous and non-
benevolent. As decision-making by individual actors is influenced by the level of interest that they 
have in a specific issue, alignment of their respective interests into a shared value proposition is 
critical to any integration process. 
 
In order to engage with any interdependence of interests, actors first require clarity of their own 
motivations, agendas, and objectives. They then require similar insight into the agendas of other 
actors. Once they have these sets of information, they can identify possible tensions, or possible 
synergies, between these interests. It are these interests and actor agendas that give rise to the 
political nature of the infrastructure planning process.  
 
The mechanism 
It is argued here that there exists a mechanism in the Real domain that constructs an 
understanding by agents of the interdependence between their individual interests and those of 
others. These interests have powers in the Real domain that encourage or inhibit action by 

problem space solution space

integrated design space



5. Mechanisms 

128 

individual or groups, prompting or constraining outcomes in the Actual and Empirical domains 
(Bhaskar 1998).  
 
A number of processes work in parallel to constitute this mechanism. Agents reflect to varying 
degrees upon their individual objectives. While they can undertake this reflection independently of 
external inputs, they will likely require reference to information about the wider project context to 
sense-check opportunities and threats. This involves observation and reflection on the 
contributions made by others to a shared integrated design space. Such information regarding the 
interests and agendas of others may be exchanged explicitly or implicitly. An agent may also 
reflect on the relative importance of one of their objectives by relating it to the strategic purpose 
for the integration process as a whole. Individual agents will usually be expected to represent the 
interests of their parent institutions and allow these to take precedence over their own personal 

development interests.  
 
In engaging with the interests revealed by other agents, there may be instances in which it is 
apparent that there is either conflict or lack of alignment between the objectives of several agents. 
Depending on the believed importance and significance attributed to specific interests, agents 
may choose to consequently engage in processes of clarification, negotiation, persuasion or even 
compromise. Eventually, the interest itself, or the relative importance attached to it, may be 
changed and adapted. Where agents find it challenging to gain insight into the objectives of 
others, simulation or gaming exercises can be used to hypothesise these (Bennett et al. 2001).  
 
Crucially, agents will consider the relationships of influence between their represented interests 
and any goals. While not all interests have to be aligned to achieve integration, there will be a 
‘minimum’ alignment of critical objectives for each problem context before ideas will be realised. 
What emerges from this process of revealing and aligning of objectives is a subset of ‘shared 
interests’ (see Franco 2013). These shared interests align into a constellation for a shared value 
proposition for the overall process and its key stakeholders. Within this integration proposition, 
there should be no single ‘winner’; rather, it should be made apparent how the cross-sectoral 
integration of resource streams will support the attainment of stakeholders’ objectives. This clarity 
is instrumental in promoting buy-in for the proposition by the individual agents, and creating the 
idea that they are collaborating towards a common mission. Figure 28 illustrates these parallel 
processes creating interdependence of agent interests. 
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Figure 28. Integration mechanism III: construction of the idea of interdependence between integration 
system agents 

 
 
IV. Creation of commitment 
In order to achieve long-term relevance, integration requires continuous action. Even if early 
phases of scoping and strategy development are successful in identifying an overarching purpose 
and value proposition for its stakeholders, there is no ‘final’ destination at which the integration 
process is complete. As part of dynamic city systems that are always in flux, the integration of 
infrastructure is an equally dynamic, ongoing process that needs to keep adapting to changing 
contextual conditions. From the agents involved, it therefore requires commitment to sustain the 
necessary information flows between them, as well as continued adaptive response to their 
changing interests and alignment of their distributed activities.  
 
Actors need to see options to take future action supportive of systems integration not only as a 
right that they can exercise, but arguably in some cases even as a duty and a responsibility. A 
sense of ownership by different stakeholder groups of the different infrastructure entities is 
needed to ensure not only implementation of the concepts, but also their longevity through 
continued supportive action. Supportive action can exercise different types of powers, including 
financial, regulatory, and information-based ones.  
 
The mechanism 
It is postulated that there is a mechanism in the Real domain that creates commitment by agents 
to sustain the purpose and value proposition underpinning systems integration throughout 
changing contextual conditions. This commitment by actors leads to supportive actions that 

achieve greater longevity of the outcomes of an integration process.   
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This mechanism is activated through changing the ‘tendency’ of actors to take actions that 
support the integration process. Tendency is description of an agent’s attributes that captures 
their likelihood or predisposition towards a particular action. It is continuous and fluid in its nature 
(Fleetwood 2011). Some have explored similar notions describing an individual’s levels of 
commitment to an exercise in psychological theories of intended behaviour (Rouwette et al. 
2009). These are, however, typically descriptive of the cost of an effort that an actor is willing to 
exert in order to attain a goal, rather than the likelihood that they will do so (Vennix et al. 1996). 
As Bhaskar (1975) observed, many agents will have the potential for an action, but not all will 
have sufficient tendency to do so. 
 
An actor’s tendency for something can be influenced, though not controlled. It is influenced by a 
number of processes. It is argued that participation in analytical processes leads to strong 

ownership of the problem and solution propositions by actors and increases their commitment to 
action (Eden and Ackerman 2010). Similarly, reflection upon the future consequences, liabilities or 
risks to their interests in the future can also result in increases in an agent’s tendency towards an 
action. Where information is shared inter-actor, either directly or indirectly via the shared 
integrated design space, a relationship of trust and understanding can be developed that 
increases an actor’s tendency to take action supportive of the interests of another actor. Figure 29 
illustrates the mechanism and related processes from which commitment emerges. 
 
Figure 29. Integration mechanism IV: creation of commitment by integration agents 

 
 
There are no global control mechanisms or rules that dictate the behaviour of a CAS. Actors in an 
integration CAS will have different powers and varying levels of control, but no central authority is 
capable of controlling the outcomes of their interactions. This does not mean that the idea that 
planners can manage the performance of planning processes are irrelevant; rather, it means that 
planning practices must embrace ideas of distributed control and emergent hierarchies (Batty 
2006). As observed by Fowler (2003), feedback and learning-based interactions are key to 
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making sense of such mechanisms of distributed, bottom-up control in CAS. Learning drives the 
development of a system’s capability for self-organisation by increasing the accuracy of agents’ 
individual mental models, as well as improving agents’ understanding of the assumptions that 
shape others’ mental models, and by enhancing the accuracy and relevance of the content 
shared within the integrated design space. 
 
Creation of commitment in integration CAS is related to these ideas of distributed control and 
learning. The interactions of integration actors with higher degrees of commitment and higher 
tendencies for action can lead to self-regulating system behaviour in which actors hold others 
accountable. Their distributed control approaches will activate processes of information exchange 
and learning, increasing capacity to cope with future uncertainty. This in turn again further 
changes their tendency to allow experimentation, creativity with ideas, willingness to restructure, 

and willingness to diversify options, likely not only increasing the relevance of an integration 
proposition but consequently also the likelihood of systems integration’s longevity. 
 
 

5.3 Corroboration: integration challenges explained 
As it is impossible to present a definitive account of the Real domain, postulated mechanisms will 
always remain candidate mechanisms. Confidence in their accuracy and usefulness is mostly 
created and achieved through processes of corroboration. This involves use of Empirical domain 
evidence to validate or adjust theoretical constructs. Though not distinguished between in the 
retroductive methodology literature, I propose that there are two complementary approaches to 
corroboration. One approach uses mechanisms to explain historical experiences. A second 
approach uses mechanisms to hypothesise likely future experiences. This chapter draws on the 

former approach. The next chapter uses the forward-looking approach to corroborate the 
retroduced mechanisms in integration.56 
 
Four mechanisms were used to make sense of and explain outcomes in the five areas of 
challenges and experiences in integration practice that were described in the previous Chapter (4: 
‘Challenges’). As critical realist explanation has to contextually ground any reflections (following 
Pawson and Tilley’s (1997) ‘Context-Mechanism-Outcome’ structure for critical realist evaluation), 
specific contextual conditions and influences are also highlighted throughout the following 
explanation. 
 

Fragmented ways of working 

                                                        
56 In practice retroduction of mechanisms and empirical corroboration occurred iteratively. For the benefit of 
greater clarity in presenting the retroduced mechanisms and the ways they are able to explain some of the 
observed phenomena, this section presents these sequentially. 
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The challenges encountered in overcoming disciplinary silos to achieve an integrated whole can 
be particularly explained by reflecting on the various degrees of activation of Mechanisms I 
(‘coordination of distributed capabilities’) and II (‘population of multi-dimensional integrated design 
space’) across the case projects described in Section 4.2 (‘Fragmented ways of working’). Figure 
30 illustrates four explanations using CAS entities introduced in Section 5.1 (‘Redescription’) and 
the mechanisms retroduced in Section 5.3 (‘Mechanisms’). Marked in red in the remaining figures 
in this chapter are system behaviours that were inhibited as a result of limited activation of these 
mechanisms. Circles denote agents, such as planners, engineers, masterplans. Squares denote 
subsystem entities such as ideas, objectives, and pieces of knowledge. 
 
Figure 30. Four explanations for fragmented ways of working in integration practice.  

 
 
 
1. Lack of a distinct, shared and easily accessible integrated design space 
In case projects, access to a distinct and shared integrated design space in which knowledge 
from different sectors, disciplines and groups is brought together - the requisite structural entity for 
Mechanism I - is provided primarily via artefacts such as maps, masterplans, powerpoint slides, 
computer-based models, and reports. The use of virtual artefacts is especially prevalent, as 
different disciplinary teams typically work distributed across different locations and even different 
time zones. 
 
Especially significant types of artefact used to pool the work of multiple infrastructure sector 
experts are powerpoint decks and reports. Informal conversations with those working for other 
planning practices, as well as researchers developing quantitative tools for closing the resource 

2 Coordinated, not integrated, ways of 
working

3 Mediating ‘systems integrators’

4 World views impose siloes in 
integrated design space

1 Lack of a distinct, shared and easily 
accessible integrated design space

COMMERCIAL COMPETITIVENESS

COST (TIME)

DISCIPLINARY EXPERTISE & LEGITIMACY

2

3

1

4

observe and 
reflect

feedback

2 2

sector A sector B sector C

novel idea

integrated design space



5. Mechanisms 

133 

loop, indicate that this prevalence is repeated elsewhere. The ways by which these powerpoints 
and reports are constructed in practice have significant implications for the outcomes of the 
integration process. It is very common for different individuals to write different sector-focused 
chapters at different times throughout the project, with one planner describing this process as 
“dipping in and out at various points and not always knowing what has happened beforehand”. 
Final versions are typically compiled by aggregating the contributions of multiple sources, with 
only the project leader and director likely having sight of all of the content.  
 
As another planner commented, the use of reports and powerpoint decks as primary reference 
point for pooling the analysis of multiple disciplines is both unwieldy and impractical and makes 
access to information challenging. 

There were hundreds of slides. No one was going to look at all them. It was difficult to see 
which one mattered more and what the story was. We were trying to pull all these things 
together, but I don’t think that at that point anyone really saw it as more than a collection of 
stuff. (Detroit Future City) 

As a consequence, individuals contribute to the integration process without observation of, or 
reference to, the contributions made by other disciplinary or sector-focused work. Processes such 
as problem-solving remain distributed across individuals, rather than connected into a collective 
exercise. Without oversight of essential information contributed by others, innovative development 
of integration ideas is limited. 
 
Critical pressures that limit access to a shared integration space arise from time and cost issues. 
Consolidation of contributions to integration projects often happens in high intensity ‘sprint’ 
periods shortly before deadlines for deliverable deadlines or client meetings. During these 
‘production’ periods, reports and presentations tend to act as artefacts that provide the reference 
point for integration project teams. Time pressures usually result in insufficient available time for 
all contributors to the process to have sight of the wider integrated proposition before submission. 
In team meetings during which there was an expectation to achieve the integration of information 
from multiple sources, contributions are not always explicitly captured or recorded into an 
Empirical domain artefact. One project member reflected that in the past projects that involved the 
integration of multi-disciplinary analysis would convene many of the disciplinary experts for large 
project kick-off meetings. Nowadays, however, it is seen to be too costly to bring people together 
physically and for that amount of time, and initial ideas are shared virtually and verbally in 
conference calls with only some members of the team involved. 
 
2. Coordinated, not integrated, ways of working 
The time pressures in the final production and consolidation stages usually mean that there is 

little opportunity for different pieces of information to interact, or novel integration ideas to emerge 
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from these interactions. Whilst it is widely recognised that different disciplines will have different 
potential contributions to make to an integrated infrastructure masterplan or strategic framework, 
it is not recognised per se that in order to have a design outcome that accounts to more than the 
sum of these different parts, these different pieces of knowledge need to be brought together 
more directly and integrated on a more ongoing basis.  
 
Where a contributing agent is missing information, Haken and Portugali (1996) argue that they 
rely on their memory, individual decision heuristics and conceptual internal cognitive maps to 
process data and compensate for unknown information. What is inhibited therefore by a lack of 
inter-disciplinary interaction, in absence of either time or sufficient shared space for reflection, is a 
collective process of quality assurance through feedback by agents on the contributions made by 
others (Mechanism II). 

 
Unfavourable perceptions of the relative balance of cost to value added through collaborative 
design processes again comprises the primary resistance to facilitating feedback, as illustrated 
when a colleague questioned: “how do you workshop ideas that don’t feel like old style waste-of-
time meetings? People are generally resistant to meetings, you know?” 
 
3. Mediating ‘systems integrators’ 
The coordination of different disciplinary contributions is often perceived as the ability, role, and 
even expert domain of an individual or a team. Direct engagement with the integrated design 
space is therefore often primarily undertaken by a subset rather than all participants in an 
integrated planning process. It are often the project leader and project director who are assumed 
to have primary responsibility for maintaining the quality and relevance of information within the 
integrated design space, as well as building relationships between the different disciplinary agents 
and providing them with clarity of their roles and purpose. These individuals often also end up 
mediating between the wider planning team and the artefact used for integration. This way of 
working was encountered on the KA-CARE, Detroit Future City, Berezniki Mining, and Future 
Riyadh projects. 
 
The process of integrating different disciplinary contributions is often also presumed to happen 
within the minds of individuals who have a particular skill for synthesising information about 
different infrastructure systems. This echoes descriptions in the literature calling for a dedicated 
systems integrator. However, a focus on actors rather than a space for coordination limits the 
opportunities for a wider range of actors to engage in processes of observation, reflection, and 
learning.  

 
If an agent mediates between contributors and the integrated design space, two challenges can 
emerge. First, the mediating agent will interpret the contribution made into the analytical space 
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and influence it with their own world views and mental models. Second, conscious of the time 
costs of the mediating agent, contributing agents may refrain from sharing all possible pieces of 
knowledge, as they try to pre-empt what they believe the mediator will find most relevant and 
interesting. As a consequence the diversity of contributions is reduced.  
 
4. World views impose silos in integrated design space 
Within the integrated design space, contributions by agents are counterproductively grouped into 
siloes reflective of their agents’ parent sectors. This happens both in earlier stages collecting 
evidence about a single-sector, and later phases when analysis is synthesised into a sector-
specific report chapter. These sector distinctions were often prominent in accounts interviewees 
gave of the design approaches that had driven a project’s integrated infrastructure systems. For 
example, on the KA-CARE project, one engineer explained that energy infrastructure provided the 

essential backbone for the masterplan, and that once a draft concept plan was produced “any 
other sectors could just follow”. Another engineer argued, however, that transportation provided 
the “foundation for the project”, though they were unsure how other sectoral disciplines had 
referenced the transport design.  
 
The apparently paradoxical introduction of silos into an integrated design space results in part 
from agents’ individual sector-based world views and the importance of sector-based identities. 
The prominence of these sector-based identities was apparent in instances when interviewees 
and colleagues would highlight my personal qualifications in either engineering and planning and 
attach particular significance to these. Engineers would talk confidentially to me about the work of 
the ‘other’ planners; and planners would conversely talk to me confidentially about the ‘other’ 
engineers. 
 
Several influences counteract attempts to de-silo the integrated design space. First, there is a 
self-perception by planning agents that the value they offer into the integration process is 
premised primarily on expertise that is affiliated with a particular discipline. They feel that 
distancing themselves from a clear disciplinary identity could disadvantage others’ perceptions of 
their unique contribution to the planning process, and could compromise future opportunities to be 
asked to work on other projects. Some individuals implied that they were hesitant about sharing 
their “best thinking” and details of their mental models developed through years of education and 
research “with the competition”. As the emergent distinctiveness of cross-sectoral outcomes 
remains unclear, the lack of a clear value proposition for collaborating across disciplines fails to 
outweigh concerns of additional costs incurred by working in non-discipline specific ways. For 
example, until recently administrative structures within BuroHappold encouraged the imposition of 

silos within the integrated design space as separate cost codes were used for different 
disciplinary teams. As a result, individuals prioritised the profitability of disciplinary teams to 
integration projects, rather than enhancing overall outcomes from the integration space. 
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In summary, fragmented ways of working arise when the mechanisms coordinating distributed 
capabilities and populating the multi-dimensional integrated design space are insufficiently 
enacted. Practitioners need earlier and more direct access to a shared reference point to allow 
time for feedback between agents, and interactions between the different disciplinary 
contributions made. 
 

Engagement of social dimensions 
The challenges encountered in engaging the social dimensions of infrastructure integration can 
be largely explained by considering the varying activation degrees of Mechanisms I (‘coordination 
of distributed capabilities’) and II (‘population of multi-dimensional integration space’). Using these 
mechanisms, figure 31 illustrates four key explanations for the challenges described in Section 
4.2 (‘Engagement of social dimensions’). Marked in red in the remaining figures in this chapter are 
system behaviours that were inhibited as a result of limited activation of these mechanisms. 
Circles denote agents, such as planners, engineers, masterplans. Squares denote subsystem 
entities such as ideas, objectives, and pieces of knowledge. 
 
Figure 31. Four explanations for challenges in engaging the social dimensions of integration 

 
 
 
1. Imposition of socio-technical distinctions in the integrated design space 
The observed disproportionate engagement with the technical rather than social aspects of 
integration practice can be partly explained by the presence of ‘technical’ and ‘social’ sub-system 
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boundaries within the integrated design space. These externally imposed technical-social 
subsystem boundaries affect both the content and the process of integration, and exist across 
both the problem and solution spaces of the developing proposition.   
 
The imposition results in part from the world views of the practitioner agents driving the integration 
process. Their mental models are often characterised by similar socio-technical distinctions. 
Likely these have been developed as part of their personal interests, experiences, and 
educational histories. Perceptions of two distinct subsystems contained within the design space 
explains why the management of the planning process often applies a division of labour that 
separates technical and social contributions to the design space, and biases contribution to more 
intense population of the technical subsystem (illustrated with a higher density of ‘square’ 
contributions in the technical subsystem in figure 31). Two accounts by infrastructure consultants 

reflect this perceived socio-technical duality of integration practice. 

I think that engineers have [physical] science backgrounds and that we’re tech junkies. I think 
that it is perhaps going to hinder us in some areas, because we always forget that we are 
serving people, really, and that we have to think about how these people are living, working, 
playing. (KA-CARE) 
There are two components: one is understanding the physical context; the other is the softer 
knowledge. This together is knowledge of how you create an integrated set of systems that 
work really efficiently. You have to think about how these two fit together. That's the role of the 
'integrator’. (KLIFD) 

 
2. Partial pooling of ‘soft’ evidence 
As previously observed across case projects, planners typically accept that integration requires 
incorporation of multiple types of ‘soft’ knowledge that cover the social dimensions, such as 
evidence of relationships of influence between specific agents, cultural habits, individuals’ 

preferences, etc. It is similarly recognised by planning professionals that their very presence in 
the process introduces specific sets of soft contributions. As one interviewee highlighted, this 
includes values and beliefs: “… changing resource management is aspiration-driven. Of course 
our own value systems [as consultant planners] are also layered in the analysis and shortlisting of 
options.” 
 
The overall level of soft evidence collected and integrated into strategic integration propositions 
remains disproportionately lower, however, than the ‘hard’ evidence collected for technical 
analysis and design. The typical technorational mental models and beliefs of infrastructure 
experts focus their efforts towards the latter type of contribution. This expectation to dedicate the 
majority of efforts to populating the technical subsystem space extends to wider stakeholders. 
The prevalence of technorational expectation and biases explains why on Detroit Future City 
(DFC), the planning team experienced pressure to reduce efforts spent on soft analysis and 
produce tangible ‘solutions’ [Event 11]: 
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People were craving the dry, the quantitative. The quantitative was seen a a more credible 
and tangible output. [With regards to the DFC cross-sectoral model], the project leader and 
the other teams were like: “this is amazing, this is an 'answer’. It’s on a map and it has 
numbers!”. So it wasn't so much about its value, but rather about how we were able to 
present it … the cross-sectoral modelling analysis was so popular because the other project 
teams could latch onto it and make other [technical] things out of it. 

 
3. Partial linkages of social and technical knowledge 
In light of these technorational cultures within the field of infrastructure planning, another 
explanation for the challenges encountered in engaging social dimensions is the limited degree to 
which the relationships between the social and technical contributions to the integrated design 
space are clarified. Without this type of linking logic, the relevance and significance of social 
contributions is likely to be undervalued. Perceptions of the integrated design space as two 
distinct subsystems and limited disciplinary capabilities in mediating between hard and soft 

evidence challenge its development. 
 
The positive experiences of Future Riyadh and KLIFD projects in respectively clarifying the ways 
by which a specific spatial synergy might work in terms of inter-organisational coordination [Event 
20], and clarifying the ways by which multi-utility service company  (MUSCo) contracts can be a 
critical component in achieving cross-sectoral resource exchange [Event 24] demonstrate the 
significance of these types of sociotechnical linkages.  
 
The pressures exerted by technorational world views and cultures introduced previously 
counteract the uptake of this kind of thinking can be considerable and explains some of the 
experiences on DFC. The planning team had developed a proposition premised upon a set of 
principles linking technical expenditure analysis with softer aspects of long-term liveability options 
for the city. Following the city’s bankruptcy, however, the specialist team employed to support the 
city’s emergency manager in making decisions about infrastructure expenditures explicitly 
requested to only be provided with the technical data of the cross-sectoral analysis. Despite the 
planning team’s attempts to highlight the importance of the relationships with the softer social 
dimensions of the city’s development, this appeared to find little traction at the time. The team 
spent time explicitly stripping the data outputs of their social, ‘soft’ contexts and rationales [Event 
12].  
 
4. Partial engagement with social interactions 
As expected from the wider infrastructure planning literature and experienced on case projects, 
there is insufficient action by planners that treats the process of integration as a social process. 

Though meetings are a regular aspect of integration work, these tend to only repeatedly involve a 
specific subset of agents contributing to the wider integration process. As it is common for 
architecture firms to assume the majority of client engagement meetings on larger planning 
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projects, several integration case projects saw little opportunity for the planning team to exchange 
information with the client, or have the opportunity to build direct working relationships with wider 
groups of stakeholders.  
 
The instrumental rationality that dominates infrastructure planning does not acknowledge the 
usefulness of conflict as a stimulus for creative problem resolution (Innes and Booher 2010). 
There is typically an aversion to conflict in the infrastructure planning process, as many continue 
to seek to depoliticise it. Constrained social interaction limits the likelihood for instances of 
disagreement, feedback and learning between agents, however, and where social interactions 
and relationship-building are limited, this affects the volume and quality of contributions to the 
social dimensions of the integrated design space. 
 

Resistance to increased engagement of social interactions further arises from the perceived cost 
that it incurs. As the number of actors increases, the total time cost of the group exercise 
increases. Social, collaborative processes are also perceived as slow and messy, as well as 
unpredictable in terms of the value that they could generate. As fees and budgets for planning 
practitioners are usually primarily conditioned on the development of reports that contain technical 
subsystem content, the non-linearity of social processes is believed a considerable challenge to 
justify the required increased allocation of planning resource. 

We just tried to do it resource-light. The view was that the client is not into meeting and 
contributing, so let’s just go and do our analysis and look at the more physical issues. We 
probably could have imposed ourselves a bit more. (Berezniki) 

If you’ve only got a certain amount of social capital with [those actors that you want to 
engage], because they’re very busy and you’re only going to get them to two workshops, then 
you’ve got to be pretty sure that if you’re going to pull them into another round of discussions, 
you’re clear on what they’re going to get out from it. (DFC) 

 
In summary, cross-sectoral integration requires the clarification of relationships between technical 
and social aspects of an infrastructure proposition. These are, however, often only loosely 
connected. The nature of the process of practice and ways of working shape the degree of 
engagement with social dimensions. A challenge remains in overcoming instrumental rationality to 
engage with the political nature of the infrastructure planning process and make use of conflict as 
opportunities for learning and improvement of the content of the integrated design space. As 
meetings constitute one of the primary social environments during the planning on integration 
projects, it would be interesting to explore possible adaptations of their formats that could justify 
increased costs to engage more of the social content and process dimensions. 
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Clarity of strategic purpose 
The challenges encountered in achieving clarity of the strategic purpose of infrastructure 
integration can be explained by reflecting on the various degrees of activation of Mechanisms II 
(‘population of multi-dimensional space’) and III (‘construction of interdependence’) in particular. 
Figure 32 draws on these mechanisms to illustrate four explanations of the challenges described 
in Section 4.2 (‘Clarity of strategic purpose’). Marked in red in the remaining figures in this chapter 
are system behaviours that were inhibited as a result of limited activation of these mechanisms. 
Circles denote agents, such as planners, engineers, masterplans. Squares denote subsystem 
entities such as ideas, objectives, and pieces of knowledge. 
 
Figure 32. Four explanations for challenges in achieving clarity of strategic purpose for infrastructure 
integration 
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to presume the problem space as understood arises on projects where the client commences with 
a strong idea about the set of issues that they want to engage with. The fee is presumed to 
support work to address these. Any effort expended by planners to explore wider issues 
introduces a commercial risk that the fee will not be adjusted accordingly, risking either reduced 
profit, or even going over budget [Event 16]. 
 
2. Solution-space bias 
Closely related, there is similarly commercial or cost-driven pressure on planners to deliver 
solutions rather than detailed diagnoses of the issues faced, and consequently to focus the 
contribution they make into the solution space. As one engineer argued, planners “need to show 
the client a convincing end to a high level integration strategy … that this thing isn’t just pie in the 
sky”. This is not to say that a high-level vision neither could, nor should, ever provide the starting 

point for an integration initiative. Rather, any process that presumes the suitability of cross-
sectoral exchange of resource flow early on, should ensure sufficient effort is still invested into 
understanding the issues that drive the vision. Two resource and infrastructure experts stressed 
that it is advantageous in the long-term to start without preconceived ideas about the solution 
space, remain more open to innovative responses and keep alert to enhancing the understanding 
of the needs that structure the problem space. 

The projects that stand out … they are often the projects with perhaps a more open remit 
about what they want in the end […] they don’t have from the start: “we want it to have the 
best sustainable technologies city in the world” or “we want to have the city with the lowest 
carbon or resource footprint.” 

A lot of engineers start out with thinking about the solutions for a cross-sectoral connection 
with Business-As-Usual kind of infrastructure plants that they know well. And then they try to 
make it more efficient and invest in a few bells and whistles. That’s not how you get the best 
solutions. 

 
3. Partial linking of problem-solution spaces 
An effective strategic proposition needs clarity of the ways by which circular, cross-sectoral 
integration of infrastructure systems is going to meet the objectives for a city or development. As 
Albrechts (2015) notes, however, the connection of high-level vision to tangible outcomes in 
strategic urban planning is often weak and planners can find it challenging to link issues and 
objectives with actions. As one planner reflected: “we would make these slide decks that covered 
everything likely to be relevant, [but it was unclear] how to bring that together into one picture that 
made sense as a whole and could be useful.” 
 
Without a clear logic connecting the two spaces, the suitability or attractiveness of cross-sectoral 
integration may remain unclear. This can lead to actors discarding the idea when they do not 
understand its overall value proposition. It could also risk practitioners using time to develop 
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aspects of a design using inaccurate requirements. It could further result in missed opportunities 
for innovative and effective responses as a bias for business-as-usual options dominates the 
solution space. This explains why several interviewees noted that with hindsight they believed an 
opportunity had been missed for more comprehensively incorporating blue-green infrastructure 
into the integrated infrastructure proposition for Detroit [Event 13]. Some felt that the initial 
definition of infrastructure systems that had been considered relevant to the solution space had 
been too conventional and too narrow. It defined the landscape as a feature rather than 
infrastructure network capable of providing stormwater retention and drainage services. This had 
limited the range of problem-solution linkages connecting issues of cost and land use 
management with infrastructure reconfiguration options for the city.  
 

Conceptualising the linkages between content of the problem-solution spaces in the Real domain 
as dynamic is helpful in explaining the equifinality experienced on some integration projects, 
where the implementation of different integration propositions could have met the same 
overarching purpose. For example, in Detroit one of the initially proposed integration approaches 
focused primarily on urban agriculture innovations in order to attain a circular resource 
management model for the city. This model was similar to the one used in KA-CARE [Event 8]. 
Later a very different proposition focused on spatially integrating the city’s cross-sectoral 

approach to infrastructure investment. Both met the same set of strategic objectives of reducing 
total infrastructure expenditures. It is argued that the responsiveness of the planning process to 
the dynamic problem-solution space relationship is enhanced in practice by focusing on principles 
rather than specific detailed design specifications of cross-sectoral infrastructure synergies. For 
example, the success of the DFC framework in remaining a popular reference point with the city 
administration three years after publication can be explained by the framework’s focus on 
explication of principles, such as ‘spatial rationalisation’, rather than having focused on a specific 
land use proposition. In the integration practice CAS in figure 32, the linkages of problem-solution 
spaces are presumed principle-based, whilst details of specific design aspects would be attributes 
of individual elements within the solution-space alone. 
 

4. Limited engagement with collective agent capacities 
The population of both the problem and solution space is not often believed to be the role of more 
than a handful of planners. On case projects, some described experiences in which contributions 
to either space were either “owned by” or “parcelled out to” different groups. Interviewees’ 
descriptions implied that the problem space was primarily owned by planners, and the solution 
space primarily by engineers. The linking of contributions across problem-solution space 
boundaries was often described to be the work of no more than one or two individuals.  
 

Consequently, it was sometimes practically unfeasible for all of the relevant information to be 
synthesised into a coherent, linked strategic purpose and proposition. One project leader 
lamented: 
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If we had had more people thinking, we could have done it quicker and better. That frustrated 
me - not having enough clarity in my own mind. There is work that we did that we didn’t need 
that I could have saved us doing if I had had the headspace. (Future Riyadh) 

 
In summary, challenges to achieving clarity of strategic purpose seemingly arise when there is 
insufficient population of not only both the problem and solution subsystems within the multi-
dimensional integrated space, but also when the logic linking these contributions is unclear. 
Continuous, collaborative reformation and restructuring of these elements are needed to ensure 
relevance of strategic purpose. 
 

Alignment of stakeholder objectives 
The challenges encountered in aligning stakeholder objectives to support an infrastructure 
integration project can be particularly explained by reflecting on the activation of Mechanisms II 
(‘population of multi-dimensional space’) and III (‘construction of ideas of interdependence’). 
Figure 33 illustrates four explanations using these mechanisms for the challenges described in 
Section 4.2 (‘Alignment of stakeholder objectives’).  
 
Figure 33. Four explanations for challenges in aligning stakeholder objectives for infrastructure integration. 
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1. Agent agendas not incorporated into integration space 
First, lack of alignment of stakeholder objective can be partly explained by details of stakeholder 
agendas not being perceived as essential pieces of evidence in the infrastructure planning 
process. It is typically not explicitly collected and its absence from the integration design space 
means that it remains hidden from those who should incorporate it into their analyses. As two 
planners reflect, limited collection of agent agenda evidence is partly symptomatic of the 
technorational culture explored in Section 5.3: ‘Engagement of social dimensions’.  

I felt that in meeting with the utilities we never covered their larger objectives and got clarity of 
those. We were always focused on [technical] details. (DFC) 

If you look back at KA-CARE, we did an amazing piece of technical work in many ways. But 
what it lacked was the piece that looked at the client organisation and understood what 
[motivated] them and what limited them. (KA-CARE) 

 
From a practice perspective, it was unclear to interviewees what methods or exercises could be 
used to systematically collect and synthesise evidence of the values and objectives that are 
located in agents’ minds. On case projects there was no obvious project artefact in which this 
information would be captured and shared. Rather than an intrinsic aspect of the early population 
of the integrated design space to understand the issues faced and to explore possible options for 
responses, in-depth consideration of agendas and any conflicts between them was typically 
believed to follow only after a specific infrastructure solution had been sketched out. 
Consequently, practitioners often feel poorly equipped to manage the political aspects of 
infrastructure development. Lack of insight into that relative structure of stakeholder agendas also 
handicaps planning practitioners in prioritising different integration options. 
 
2. Constrained interactions for negotiation and alignment 

The agendas of individual agents within integration CAS cannot be totally controlled and made to 
align. Instead, its autonomous agents must be provided with opportunities to engage with each 
other and influence their respective agendas through persuasion or negotiation. As integration 
projects tend to unsatisfactorily provide environments or opportunities for these necessary social 
interactions, stakeholders’ agendas remain ‘invisible’ to each other, and any potential alignment 
constrained. Pressures to focus on the contents of the integrated design space as the ‘product’ of 
the integration process fail to acknowledge that the desired impact for aligning objectives is not 
only an articulation of agendas within the problem space, but also requires related changes in the 
perception of objectives within the minds of the individual planners, project partners and city 
stakeholders. This was the experience of two of the DFC planners interviewed who felt that the 
project had failed to engage the city’s infrastructure operators in the process in order to align their 
investment agendas with the project’s cross-sectoral, spatial integration proposal for the city. 
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3. Unclear shared value proposition 
The relationship of resource reductions to other city development objectives is often unclear. The 
strategic purpose of cross-sectoral integration on case projects was often not about resource 
reductions per se. Other development objectives, such as the better management of 
infrastructure costs or branding of a city’s development activities commonly structured strategic 
purpose. Without clarity of the nature of strategic purpose, however, actors are unlikely to take 
interest in an integration project. In part, this is explained by challenges encountered in 
communicating the relevance of the strategic value proposition to agents, as two resource 
specialists explain: 

My role is convincing people at the beginning of a project that waste isn’t just about 
resources. People always assume it’s just about waste to energy potential, and that’s just not 
the point. (KA-CARE) 

The vision statement was general enough that it was used explicitly [to say]: “hey guys, this is 
our vision, get behind it”. It was more for external use and communication … It was 
accessible. (KLIFD) 

 
4. Unclear relationship of agents’ objectives and strategic purpose 
It is challenging for stakeholders to anticipate the positive relationship between their objectives 
and a cross-sectoral proposition. Actors are often unsupported in interpreting and making sense 
of the various opportunities that arise for them from resource stream synergies. This explains the 
conflict on the KA-CARE project where the team was initially penalised for pursuing a circular 
reuse of material waste streams [Event 2]. It was unclear to the client’s representative how this 
proposition aligned with their strategic objectives. The crucial step that resolved the conflict 
involved clarification that this proposition met objectives of global exemplarity in innovative 
infrastructure development, rather than their initial but more limited objectives of global 
exemplarity in infrastructure technologies. In practice, this relationship typically evolves through 

iterative feedback between clarification of objectives and clarification of overall strategic purpose.  

The client had a vision and set of ambitions that were … broad, very generic. “We would like 
this to be … the most sustainable, the most cost effective”. We took those generic ones and 
translated them into something that we could use to establish a framework where our work 
could support their aims. So our reinterpretation then probably helped them start to crystallise 
how those broader aims and visions could be articulated as the project progressed. 

 

In summary, the objectives of the multiple participants in the integration process need to be 
aligned sufficiently to the overarching strategic purpose. A lack of clarity of the objectives of 
different groups of stakeholders, as well as lack of clarity of the ways in which these relate, either 
counteracting or reinforcing each other, is critically limiting. As Innes and Booher (2010) argue, 
facilitation of dialogue between agents can be instrumental in fostering objections for objectives 
alignment. 



5. Mechanisms 

146 

Longevity and ownership 
The challenges encountered in case studies in achieving ownership and longevity of an 
integrated infrastructure system can be explained largely with reference to the varying degrees of 
enactment of Mechanisms IV (‘creation of ownership’) and II (‘population of multi-dimensional 
design space’). Figure 34 illustrates six explanations using the four postulated mechanisms for 
the challenges described in Section 4.3 (‘Longevity and ownership’). Marked in red in the 
remaining figures in this chapter are system behaviours that were inhibited as a result of limited 
activation of these mechanisms. Circles denote agents, such as planners, engineers, 
masterplans. Squares denote subsystem entities such as ideas, objectives, and pieces of 
knowledge. 
 
Figure 34. Six explanations for challenges in creating ownership and longevity of integrated infrastructure 
systems 
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Their approach is premised on regular public meetings across the city in which residents are 
provided with an open forum to raise concerns that they have about the future of their 
neighbourhood. 
 
2. Partial access of multiple agents to solutions space limits buy-in 
As agents contribute to ideas in the solution space, the relevance of these solutions to their own 
interests is likely to increase. As their insight into the details of a proposed infrastructure response 
increases, this will likely further enhance their confidence in their feasibility. Planning approaches 
that constrain the number of agents with access to the solution space, such as Franco and 
Montibeller’s (2010) ‘expert mode’ in which consultants develop solutions largely independently 
from the client, limit the degree to which agents are likely to buy into a proposed infrastructure 
response. This in turn limits their sense of ownership and tendency to support the proposition in 

future.  
 
This explains why on case projects where technical development of models and designs was not 
opened to those actors whose increased tendencies for buy-in were required, such as the utilities 
modelling work for Detroit and Berezniki, the likelihood of their long-term implementation was 
limited. The lack of confidence that expert mode approaches to solution development can achieve 
buy-in from target stakeholders is captured by an infrastructure planner on the DFC project: 

I always felt that we were missing a realistic roadmap … for how we can have these ideas 
have have them executed. In Detroit it felt like: “maybe if we do this project, then someone 
will happen to like it, and it might happen?”  

 
Widening participation into the development of solutions is counteracted by agents’ tendencies to 
avoid additional costs, as well as reinforce perceptions of their professional legitimacy that are 
premised on ideas that they have to be seen to ‘own’ the development of solutions. 
 
3. Constrained agent interactions prevent relationship-building and trust 
Contributing to the integrated design space enhances the capability of individual agents to adapt. 
This results in part from changes in their mental models as their understanding of the 
relationships of influence between the contents of the integrated design space and contextual 
conditions grows. Critically, however, it also results from the collective learning between agents. 
This encourages familiarity, trust and relationship-building between city actors. As these 
relationships grow stronger, their tendencies for exchanging information further increases. 
Increases in the number and quality of relationships thereby results in the enhanced resilience 
and likely longevity of an integrated system (Mechanism IV).   
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The experiences of collectively populating the integrated design space will also familiarise agents 
with the non-linearity of the social processes of integration practice. Agents are likely to become 
more comfortable with turbulent situations and accept that there will neither be a final nor 
definitive version of the integrated design space. As they build these relationships with each other, 
key stakeholders are more likely to accept that integration practice is an on-going process rather 
than a one-off exercise. This was the experience on the KLIFD project where the relationship of 
trust built with the client resulted in repeat commissions for the infrastructure planning team 
following their initial work on the integration of wastewater and district cooling networks. 
4. Shift towards strategic proposition as relational principles 
The aim of strategic planning is to “provide direction without destination; movement without 
prediction” (Albrechts 2015:513). No planning agent can predict the outcome of CAS behaviour. 
This explains why case integration projects were more likely to result in long-term realisation of 

their intended purpose when delivered through a framework for ideas rather than a detailed 
infrastructure plan. Where principles are defined in a non-restrictive way, the details of their 
interpretation can be adapted to match changing contextual conditions. For example, in Detroit 
the development of principles rather than prescriptive design details has kept the possibility of 
engagement by the city’s utilities alive, even several years after publication. A similar message 
was articulated by a consultant working on the KLIFD project: 

Our challenge is to establish the ground rules and general direction of travel with as much 
confidence as we can. There are certain fundamentals that [we] have to get right. Then within 
that, things will change … This is what adaptability is. 

 
5. Connection of interests, value proposition and strategic purpose 
When actors’ interests align with a cross-sectoral value proposition, their tendency to take action 
supportive of an integration exercise increases. For this type of alignment to occur, it requires 
clarity of how an overall strategic purpose for a cross-sectoral design is likely to generate 
outcomes that meet individual agents’ objectives. Joint activation of Mechanisms II and III is 
required to make these objectives and wider goals explicit as pieces of information within the 
problem-solution space. Once shared in the integrated design space, it is easier for agents to 
then make sense of the relationship between the strategic purpose, different interests, and value 
proposition.  
 
Such joint activation of Mechanisms II and III can help planners avoid situations where integration 
propositions are either unsuitable or unfeasible to the local context. It should assist in early 
identification of situations where a proposed solution does not sufficiently meet the interests of 
key stakeholders. In such scenarios, it can be desirable to not pursue buy-in by city infrastructure 

actors of a particular integration effort. This explains why, for example, the discarding of circular 
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metabolism concepts for Detroit was an appropriate decision by the planning team, as it was 
unclear and uncertain whether or not such ideas could tangibly align with the utilities’ agendas.  
 
Conversely, other experiences demonstrated that joint activation of these mechanisms can trigger 
a positive feedback loop. This was the experience in KLIFD, as the client observed how the 
purpose underpinning the proposition for a cross-sectoral smart Urban Operating System aligned 
with the interests in reducing energy, water and waste flows. Similarly in Riyadh, the  
municipality’s tendency to support the project team’s work on an ambitious programme for cross-
sectoral collaboration on infrastructure investments changed as they perceived the long-term 
alignment with their fiscal sustainability objectives.  
 
6. Valuing service by the whole system, not integrated design space only 

Experiences on projects repeatedly revealed perceptions by participants that the outcomes of  
integration projects could be split broadly into ‘content’ and ‘process’ dimensions. Distinctions 
between content and process outcomes in decision-support processes are not new (see Chess 
and Purcell 1999; Rowe and Frewer 2004). In the CAS model of integration practice, ‘content’ 
outcomes correspond to contributions within integrated design space that articulate the problem, 
the proposed solution, and the logic that connects them. The outcomes of interactions between 
agents comprise the ‘process’ dimension (see figure 34). 
 
A challenge is that perceptions of where value is generated in integration practice by participants 
and their contextual environments have disproportionately focused on the content rather than 
process dimension. A successful outcome of an integration project in planning practice typically 
remains the publication and handover of a report, irrespective of the risk that that report remains 
“sitting on a shelf untouched”. This means that there is less expectation for the planning team to 
invest in the social processes of integration, which results in limited buy-in by key stakeholders. 

The project was a success if you look at it in terms of pure [commercial] project management. 
If you look at it in terms of money and in terms of getting the content deliverables done in 
time, it was a huge success. But in terms of outcomes for the project and the city … we could 
have done better. (Berezniki) 

 
Value to city stakeholders is generated throughout the integration practice system, rather than 
only within the integrated design space. The outcomes resultant from change in the process 
dimension can be considerable. As explained elsewhere in this section, the processes of 
collaborative learning and relationship-building can leave a project legacy of enhanced agent 
tendencies to share information, to support each other in coping with change, and to collaborate 
on future projects. While infrequently presented as such, the potential scale and duration of the 

impact of those outcomes could arguably be more valuable than the contents of a strategic 
integration framework itself.  
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In summary, ownership by stakeholders of an integration proposition and longevity of its 
underpinning ideas are achieved when practice focuses on achieving supporting conditions rather 
than prescription of an ideal solution. These conditions can include the articulation of strategic 
integration principles that relate needs with opportunities, or increased inter-agent relationships 
for the future coordination of resources and collaboration towards shared purposes. 
Implementation and continued realisation of infrastructure integration should be feasible without 
the ongoing presence of the integrated design team. Especially instrumental in achieving these 
supportive conditions is the encouragement of perceptions that it is the whole integration practice 
system that delivers service and valuable outcomes to its city users, rather than specific 
outcomes within its ‘content’ or ‘process’ dimensions only. 
 
Conclusion 

This chapter used CAS entities and behaviours to retroduce a set of causal relationship between 
structures in the Real domain and outcomes in the Actual and Empirical domains. It postulated 
four Real mechanisms that have significant influence on the performance of integration practice 
and that can be used to explain some of the challenges encountered on historical projects. These 
mechanisms are summarised in table 11.  
 
Table 11. Four influential integration mechanisms 

 Mechanism Description 
I. Coordination of distributed capabilities Pooling information and other capabilities of 

agents distributed across sectors and disciplines 
for the design of an integration proposition. If a 
shared space is accessible to multiple agents, it is 
supportive of cross-sectoral integration. 

II. Population of multi-dimensional integrated 
design space 

Making connections between pieces of insight to 
build a collective understanding of the driving 
issues and implications of considered responses. 
If a clear strategic purpose emerges, it is 
supportive of cross-sectoral integration. 

III. Construction of ideas of interdependence Constructing an understanding by individual 
agents of the interdependence between their 
interests. If a clear, shared value proposition 
emerges, it is supportive of cross-sectoral 
integration. 

IV. Creation of commitment Enhancing the tendency of agents to take action 
that will sustain a strategic integration proposition. 
If it achieves a sense of responsibility and buy-in, 
it is supportive of cross-sectoral integration. 

 
 
These mechanisms provide a starting point for a ‘theory of change’ for infrastructure integration 
practice (c.f. Pawson and Tilley 1997). A theory of change is a conceptual tool that helps make 
sense of observed outcomes and then uses the developed insights to pursue future outcomes in 
similar or different contexts. 
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This emerging theory of change conceptualises infrastructure integration practice as a generative, 
non-linear, social system that is shaped by processes of information exchange, learning and 
negotiation. It involves the coordination of information, activities, and powers of influence across 
different sectors, disciplines, stakeholders, locations and time. It simultaneously engages the 
cognitive processes ‘in the minds’ of individuals as well as the social processes that define group 
behaviour. It comprises the development of a set of logical relationships between aspects of a 
commonly explored problem space and pooled ideas for possible infrastructure-based responses. 
The relevance, distinctiveness, and workability of a proposition for cross-sectoral infrastructure 
integration emerge from the interactions between actors and different pieces of knowledge, as 
does the buy-in and commitment of the necessary actors required for achieving resource 
reduction and closing of the loop.  
 

Challenges arise on integration projects when the planning process is not managed to integrate 
multiple types of knowledge, or align a myriad of often invisible objectives, or articulate a clear 
strategic purpose and shared value proposition. Contextual pressures of cost and a number of 
related commercial and professional legitimacy concerns constrain enhancement of the degrees 
of essential collaboration. Dominance of ideas that the value of integration practice is generated 
primarily within its ‘content’ dimensions complicates perceptions of the effectiveness and 

efficiency of planners’ cross-sectoral integration work. Figure 35 summarises the CAS model of 
cross-sectoral integration practice produced from the iterative process of explication, redescription 
and retroduction of practitioner experiences. The next part of this thesis will use this model as an 
abstraction of this theory of change that can be used to identify potential areas to intervene in 
integration practice. 
 

Figure 35. CAS model of cross-sectoral integration practice. The strategic proposition (blue) links insight 
within the problem space to responses in the solution space 
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6. Intervention 
 
 
To support and enhance cross-sectoral infrastructure integration practice, research insights about 
the systemic behaviours giving rise to challenges should be used to inform the planning 
process.57 The previous two chapters described and explored historical integration experiences 
(Chapter 4: ‘Challenges’) and used a complex adaptive systems (CAS) model to explain the 
underlying systemic structures and behaviours causing these (Chapter 5: ‘Mechanisms’). 
Combined, they constitute the first part of substantive work in this thesis, providing essential 
insights into the behaviour of integrated planning practice (Part I: ‘Understanding’).  
 
These insights developed in Part I provide the point of departure for the second substantive part 

of this thesis, which proposes and tests a type of supportive intervention that addresses some of 
the challenges faced in integration practice (Part II: ‘Resolving’). This chapter uses the empirical 
and theoretical contributions from Chapters 4 and 5 to scope and design these interventions. It 
proposes that problem structuring methods (PSMs) are used as an alternative, ‘soft’ type of 
planning support system (PSS) in the practice of integrating different infrastructure systems. 
Chapter 7 (‘Evaluation’) reflects on the impacts of their use in practice and lessons for future 
improvement.  
 
This chapter outlines a process of proposing, designing, implementing and reflecting on a 
practical intervention using PSMs into cross-sectoral infrastructure planning practice. Intervention 
is used as meaning “systematic or purposeful action by an agent through the use of PSMs to 
create change or improvements” (White 2009:823). It responds to the third research question 
(Section 1.5: ‘Research structure’): 
 

‘How can PSMs support the integrated infrastructure planning process?’ 
 
First, it identifies areas in integration practice believed likely to benefit from purposeful supportive 
action. This draws on experiences and analysis documented in Part I (‘Understanding’) and are 
articulated as design and performance requirements for intervention. It then outlines some of the 
ways that PSMs are believed suited to meeting these intervention requirements (Section 6.1: 
‘Intervention requirements’). Combined, these articulations of suitability establish an overall 
proposition for the use of PSMs in the cross-sectoral integration of infrastructure. Following this 
proposition, the processes of designing and implementing PSM interventions into four cross-

sectoral integration project cases are described (Section 6.2: ‘PSM intervention in integration 

                                                        
57 See sections 1.5: ‘Research structure’ and 2.1: ‘Research approach’ for details of the rationale of this 
thesis, its assumptions and assertions for the ways that observation, reflection and informed action can be 
combined in one research project. 
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practice’). These accounts include the systems maps that are typical outputs from PSM use. A 
more comprehensive overview of the wider outcomes of these PSM interventions into integrated 
planning practice, which also include the more process-based outcomes, are considered in 
Chapter 7 (‘Evaluation’). The third and final section of this chapter reflects on some of the 
practical considerations that shape the use of PSMs for intervening in infrastructure integration 
practice, and how these experiences varied across the four interventions (Section 6.3: ‘Mangled’ 
practice’).  
 
 

6.1 Intervention requirements 
 
A conceptual CAS model was used in Chapter 5 (‘Mechanisms’) to explain the challenges 
encountered by planning practitioners in the cross-sectoral integration of infrastructure. It brings 
to attention a number of areas where purposeful action could either encourage supportive 
integration mechanisms and conditions, or could counteract some of the challenges and 
constraining pressures encountered. This section outlines these areas likely to benefit from such 
purposeful action. In order to provide guidance for the design of an intervention, as well as a 
systematic means of assessing the suitability of any intervention to provide support in these 
areas, a related set of requirements for intervention in cross-sectoral infrastructure planning 
practice are defined. These requirements are statements that provide direction for action by 
highlighting an area for intervention and its needs, as well as an indication of the features likely to 
meet these needs (Ross and Schoman 1977).  
 
There is no universal definition for what a requirement is, or how its articulation should be 

structured.58 For the overarching purpose of supporting planning practice, the word requirement is 
used in this thesis to mean a capability needed within the integrated infrastructure planning 
practice CAS to improve its effectiveness and efficiency.59 
 
The idea of systematically articulating the ways by which an intervention mechanism impacts on a 
certain context to determine a certain outcome is not unfamiliar within the field of Operational 
Research (OR). Keys (2007) proposed the use of ‘technological rules’, a technique from the 
product design sciences, for codifying the activities of PSM interventions and identifying factors 

                                                        
58 There are fields of research and practice outside of urban planning that comprise more substantive and 
considerable bodies of work on the practices of requirement definition, such as product design science and 
requirements engineering for information systems design. While there are potentially extensive synergies 
between these fields and the improvement of PSS design, such formal requirement definition was not within 
the researcher’s skill set at the time when opportunities for intervention arose. 
59 This definition is informed by, and redefined in simple form from, an overview of different definitions of 
requirements by Gilb (2005), who highlights a broad definition of ‘requirements’ by the Institute of Electrical 
and Electronics Engineers (IEEE). It defines requirements as ‘‘statements, which identify the essential needs 
for a system in order for it to have value and utility.’’ 
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critical to their success. Though the eventual practical contribution of the processes of 
requirements definition and of technological rules articulation are ultimately the same (i.e. the 
development of insight into the ways by which an intervention supports practice), the former 
begins with the needs of a particular set of practical challenges faced (i.e. it is demand-driven in 
its approach), while the latter begins with consideration of the characteristic features of an 
existing approach to intervention (i.e. It is supply-driven in its approach). The potential 
contributions of such design-based approaches to the usefulness and usability of PSMs to 
practitioners have been acknowledged (White 2009; Gregory et al. 2013), but no OR study yet 
has explicitly identified such requirements or technological rules for PSMs. 
 
In the final section of this subchapter, the generic features of PSMs that can satisfy the defined 
requirements are explored. These are used collectively as the conceptual evidence base for 

proposing that PSMs are used to address some of the challenges encountered in cross-sectoral 
infrastructure planning. 
 
Areas for intervention 
The four integration mechanisms postulated in chapter 5 (I: coordination of distributed 
capabilities; II: population of multi-dimensional integrated design space; III: construction of ideas 
of interdependence; and IV: creation of commitment) were reviewed to identify the conditions that 
support their activation and some of the external pressures that counteract them. It suggested 
seven areas where purposeful action could influence the system structure and behaviour of 
integration practice CAS. Figure 36 provides a visual summary of these seven areas, which are 
further described and summarised below. Circles denote agents (e.g. planners, engineers, 
masterplans). Squares denote subsystem entities (e.g. ideas, objectives, and pieces of 
knowledge). 
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Figure 36. Seven areas for intervention in cross-sectoral infrastructure integration practice 

 
 
1. Pooling space 
Cross-sectoral integration necessitates the coordination of distributed capabilities from multiple 
sectors and stakeholder groups (Mechanism I). From the interactions of these capabilities it 
involves engagement with knowledge embedded in individual actors’ mental models, and 
subsequent development of a collective and shared understanding of not only the purpose, but 
also the context, options, and decisions, that shape a cross-sectoral integration process 
(Mechanism II).  
 
The provision of a dedicated environment for exchange between the multiple actors involved is 
essential to the activation of these mechanisms. The environment should avoid the pitfalls of 
common-practice discipline-based division of labour and fragmentation of infrastructure design 
contributions. Its format should also preferably be capable of providing continuity within the 
context of a physically and temporally distributed, multi-disciplinary infrastructure planning 
process. Consequently, it should also be able to provide a flexible reference point for those 
engaging with the integration process at different times and looking for quick summaries and 
insight into recent planning and design changes. Its format should therefore address practical 
cost and time pressures, as well as be easily accessible and interpretable to those working with 
different working cultures and professional languages across multiple sectors.   
 
In summary, a requirement for supportive and purposeful action for enhancing the performance of 
a pooling space in the Real domain is therefore to provide an environment in the Empirical 
domain to coordinate multi-sectoral knowledge and capabilities. This environment is likely to 
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comprise a trans-disciplinary space, in either physical or conceptual form, within which diverse 
capabilities can be integrated. 
 
2. Problem space 
Cross-sectoral integration necessitates clarity about the needs driving the planning process 
(Mechanism II). This involves developing an understanding of the problem context, which includes 
insights into key development issues, influential global and local trends, knowledge of technical 
and financial constraints, institutional cultures, values, etc. Clarity of the problem space structure 
is essential to achieving clarity of strategic purpose for an integration project. In turn, clarity of 
purpose is essential to both justify the additional effort and costs incurred to work across 
disciplinary differences, as well as introducing dependencies between the operations of different 
infrastructure stakeholder groups.  

 
A planning process that resists tendencies for being solution-driven and instead remains open 
and flexible for ongoing development assumptions about the problem context and needs is 
essential for the sustained activation of this mechanism. The process should avoid relying on 
integration experts alone and instead engage actors from all disciplines, sectors, and stakeholder 
groups. Preferably, it should also be capable of facilitating insight into the critical relationships 
between aspects of the problem contexts. 
 
In summary, a requirement for supportive, purposeful action for enhancing the performance of the 
problem space in the Real domain is to implement a process in the Empirical domain that 
systematically explores the problem context in both breadth and depth by considering the needs 
and infrastructure design constraints encountered within multiple disciplines. 
 
3. Interests 
The cross-sectoral integration of infrastructure needs a value proposition that aligns the interests 
of different stakeholder groups from different sectors (Mechanism III). This involves awareness 
and reflection by individual actors on their own interests, as well as those of others (Mechanism 
II). An understanding of the relationship between these agendas is essential to generating 
commitment and support for both the initial and continued development of an integrated 
infrastructure system (Mechanism IV). 
 
A planning process that systematically uncovers and explores the diversity of interests of multiple 
groups involved in infrastructure planning is essential for activation of these mechanisms. 
Specifically, the process should explicitly explore the drivers motivating action and decisions that 

would lead to reductions in resource footprint. These should go beyond high level aspirations and 
identify the sets of tangible strategic objectives underpinning these motivations. This process 



6. Intervention 

159 

needs to overcome technorational cultures of working, and support greater incorporation of the 
social dimensions and soft evidence into the development of the problem space. 
 
In summary, a process in the Empirical domain that systematically and explicitly outlines 
interdependencies of stakeholder objectives and agendas, including their interests and relevance 
to reducing overall resource flows, is required to enhance their incorporation in the Real domain. 
 
4. Solution space 
Cross-sectoral integration necessitates the consideration of infrastructure design options that 
either bridge or innovate from traditional sector-specific solutions (Mechanism II). These options 
can comprise new types of cross-sectoral nodes, spatial synergies or other means for working 
across sectors. A planning process that resists automatic adoption of business-as-usual design 

options is essential to activating this mechanism. Preferably, it should also explore non-physical 
options in infrastructure systems integraton, such as working with dependencies across the softer 
institutional and operational dimensions of infrastructure systems. 
 
In summary, a requirement for supportive, purposeful action for enhancing the performance of the 
solution space in the Real domain is to implement a process in the Empirical domain that 
systematically identifies cross-sectoral opportunities by exploring the resource, security and cost 
relationships between different sectors and disciplines. 
 
5. Problem-solution space links 
As a consequence of the greater risk and higher costs introduced by pursuing unprecedented 
interdependencies between infrastructure sectors, the integration process needs to be able to 
present a clear strategic proposition articulating how aspects of the proposed solution respond to 
specific aspects of the problem context. The planning process therefore needs to explicitly 
uncover these types of cause and effect relationships in order to activate Mechanism II for 
fostering stronger links between the problem and solution spaces. This process needs to 
overcome tendencies for solution-led infrastructure planning approaches and should preferably 
also offer a means for gaining holistic oversight of these relationships, and reject reductionist 
approaches to managing complex infrastructure planning projects. 
 
In summary, a requirement for supportive, purposeful action for enhancing the linkages between 
the problem and solution spaces in the Real domain is to implement a process in the Empirical 
domain that systematically clarifies the strategic proposition for an integration solution. This 
process is likely to explicitly articulate how the solution responds to the needs, opportunities and 

constraints of the problem space.  
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6. Inter-actor exchange 
Cross-sectoral integration is a technical and analytical process, as well as a social process of  
intense interaction between several actors. It requires conditions and processes conducive to 
relationship-building, creation of shared understanding, and development of trust between actors 
from different sectors (Mechanisms II and IV).  
 
A planning process that encourages feedback and learning between participants is essential for 
activating these mechanisms. Not only should the process provide a space for exchange that 
facilitates insight into the worldviews of partner stakeholders, but that also supports the 
adjustment and alignment of actors’ internal mental models. This includes their perception of the 
relevance and utility of other actors’ capacities for control and influence. The process should also 
be capable of handling group dynamics throughout episodes of negotiation and conflict and 

promote an environment of fairness in which no single infrastructure sector expert dominates the 
planning process. Finally, it should foster the emergence of a language that is comprehensible to 
multiple disciplines and groups engaged. 
 
In summary, a requirement for supportive, purposeful action for enhancing the performance of 
inter-actor exchange in the Real domain is to implement a planning process in the Empirical 
domain that facilitates relationship-building between multiple stakeholder groups by providing an 
environment conducive to information exchange.  
 
7. Tendencies for commitment 
Cross-sectoral integration needs commitment from those actors with the capacity for influence on 
the affected infrastructure systems. They need to feel responsibility for carrying forward the 
integrated design principles, and be equipped to adapt them to changing circumstances. In order 
to encourage their tendencies for action likely to sustain interdependent management of multiple 
infrastructure systems, actors need to buy-in into the strategic integration proposition and its 
future ownership. These infrastructure actors need to be directly engaged in the integration 
process, be able to see aspects of their own mental models reflected in the integration 
proposition, and align their interests (Mechanisms II, III and IV) . This process should overcome 
professional tendencies to black-box infrastructure planning expertise, while developing the 
professional contribution and legitimacy of the planning practitioners involved. 
 
In summary, a requirement for supportive, purposeful action for enhancing the tendencies of 
actors to commit to an integrated infrastructure proposition is to implement a collaborative 
planning process that is accessible to participation by a range of infrastructure stakeholders.  
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Summary 
A summary of the seven areas within the Real domain where purposeful action could enhance the 
performance of the integrated planning practice CAS and the related requirements to inform the 
design of intervention is provided in table 12. 
 
Table 12. Summary of areas for intervention in the integrated practice CAS and the related requirements for 
supportive action 

Area for intervention Intervention requirement 
1. Pooling space Establish an environment for multi-sectoral knowledge and 

capabilities to be coordinated by providing a trans-disciplinary, 
physical or conceptual space for integration 

2. Problem space Explore the problem context in breadth and depth by considering 
the needs and constraints affecting multiple disciplines 

3. Interests Consider stakeholder objectives and agendas explicitly as part of 
the problem space by outlining their dependencies and relevance 
to reducing resource flows 

4. Solution space Identify opportunities for infrastructure integration by exploring the 
sociotechnical relationships between different sectors and 
disciplines affecting resource, security and cost 

5. Problem-solution space links Clarify the strategic proposition for an integration solution by 
explicitly articulating the ways by which a solution responds to the 
needs, opportunities and constraints within the problem space 

6. Inter-actor exchange Support relationship-building between multiple stakeholders 
groups by facilitating information exchange for changing and 
aligning individual actors’ mental models 

7. Tendencies for commitment Enhance stakeholders’ buy-in and commitment to an integrated 
infrastructure proposition by employing an open and collaborative 
planning process 

 
PSM suitability 

Following the above review of some of the strategic integration planning practice areas that 
purposeful intervention may enhance, the suitability of PSMs to provide the requisite intervening 
planning support is explored in this section. 
 
It is important to note that despite the linear narrative representation of the process by which the 
utility of PSMs as planning support for the cross-sectoral integration of infrastructure was 
considered in this thesis, PSMs were neither presumed as suitable nor preferred interventions at 
the outset of this research project.60 Instead, the notion that PSMs could potentially address some 
of the challenges encountered in integration practice first emerged as the first round of analysis of 
integration projects highlighted the significance of the social dimensions and complexity of the 
integration process. A search for PSS and wider decision support tools capable of engaging with 

                                                        
60 In fact, initial ideas during early explorations of the literature and project experiences favoured the 
development of a computational resource flow model. 
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these characteristics led to the work in soft OR, although it is arguably used rarely by practitioners 
in the fields of urban and infrastructure planning (see Section 3.3: ‘PSMs and urban planning’). 
 
Ethically, any intervention into the commercial practices of the research partner, BuroHappold, 
had to be grounded in as robust an understanding and expectation of the suitability and 
performance of the intervention as possible. Methodologically, as the occurrence of cross-sectoral 
infrastructure integration projects is relatively infrequent, any opportunity to test proposed 
interventions into integration practice had to be maximised by informing it with sufficient empirical 
and theoretical work. This thesis therefore moved beyond initial indications of relevance and 
suitability by more systematically assessing the suitability of PSMs by using the empirical and 
theoretical work of Chapters 4 (‘Challenges’) and 5 (‘Mechanisms’). Furthermore, insight into the 
causal mechanisms underpinning cross-sectoral integration is of further importance, as the 

interest of this thesis is not only whether or not PSMs can act as a PSS in integration practice, but 
also how their impact on the process’ effectiveness and efficiency can be enhanced. 
 
Consideration of the suitability of PSMs to meet the requirements for intervening in integration 
practice needs a definition of what a PSM is. Yearworth and White (2014) define nine generic 
features of PSMs and their work is used in this thesis as definition of what constitutes PSM action. 
Their work provides the most recent and comprehensive review of PSM features that transcend 
specific nuances of individual PSM techniques. The claim that something functions as a PSM is 
valid, they argue, as long as a majority of the generic features that they identify are observed in 
practice. Table 13 summarises these generic and characteristic PSM features. 
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Table 13. Generic features of PSM action (Yearworth and White 2014:939). These definitions are derived 
from a detailed content analysis of some of the major review papers within the soft OR literature, including 
Ackermann (2012); Eden and Ackermann (2006); Keys (2006); Midgley et al. (2013); Mingers (2011); 
Mingers and Rosenhead (2004, 2011); Rosenhead (1996, 2006); White (2006, 2009) 

Generic PSM feature Constitutive definition 
Improvement activity A structured way of approaching systemic intervention has been 

taken, which was designed to lead to improvements in a 
problematic real-world situation through a set of purposeful 
activities 

Systemic approach The problem structuring approach used systems ideas (including 
boundary, hierarchy, communication and control), which (i) are 
appropriate to context, (ii) theoretically adequate, and (iii) 
supported by appropriate systems modelling 

Adaptation/creativity Conscious thought and creativity must have gone into how the 
problem structuring approach was adapted or elements combined 
for the particular problem situation 

Methodological lessons Use of the problem structuring approach yielded methodological 
lessons, extracted by conscious reflection 

Worldviews The process of problematisation recognised that problems are 
construct of an individual’s mind, they do not exist independently 
of human thought. These constructs are defined by an individual’s 
‘‘worldview’’, the problem structuring approach acknowledged 
these and worked with them 

Messiness The problem context in which the problem structuring approach 
was used was recognised as messy/wicked 

Interactive/iterative/therapeutic The intervention in the problem situation has come about through 
sharing of ‘‘perceptions, persuasion and debate’’ in a participative 
group setting using an interactive and iterative approach. 

Subjectivity In the approach taken it has been recognised that the 
stakeholders of the problem situation are not ‘‘divorced from the 
problem’’ and that they could not act as objective ‘‘outsiders’’ as in 
‘hard’ Systems Engineering 

Limits Approaches to problem structuring might unwittingly suffer from 
inter alia bounded rationality, inadequacy of organisational 
language to supply adequate conceptual terminology, application 
of non-appropriate methodology, ‘‘spurious saliency’’, etc. The 
approach used demonstrated that it dealt with such conceptual 
limitations including building expertise in the use of problem 
structuring 

 
Drawing primarily on the work of Yearworth and White (2014), outlined below are the features of 
PSMs that satisfy the requirements for intervention in integration practice. They are presented per 
intervention area and related requirements, which were outlined in the previous section and 
summarised in table 12.  
 
1. Pooling space 
Integration requires a space for the coordination of multi-sectoral insights and capabilities. A 
fundamental feature of PSM action that responds to this requirement is their focus on making 
visible the perspectives and insight of multiple and diverse actors (Yearworth and White 2014). 
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Content-wise, PSMs achieve this by using systems models, or systems maps that function as 
boundary objects for translating individual ideas to others (Eden and Ackermann 2004; Franco 
2013). Over time, these system models can function as knowledge repositories (Mingers and 
Rosenhead 2004). Process-wise, PSMs typically involve the creation of events and working 
environments such as meetings and workshops in which actors with diverse backgrounds and 
skill sets are brought together physically. 
 
2. Problem space 
Integration requires comprehensive understanding of the problem context. A fundamental feature 
of PSMs is that they explicitly acknowledge that the nature of social problems is messy and 
wicked. They also hold a fundamental assumption that the underpinning structures of these 
messy problem contexts must be explored in order for actors to effectively engage with them 

(Yearworth and White 2014). PSMs facilitate this exploration by iteratively representing a problem 
visually and typically using diagrammatic format (Mingers and Rosenhead 2001). Midgley (2000) 
argues that an important aspect of this process involves boundary definition of the problem of 
interest, which supports determining the aspects that should be included, or excluded, in an 
analysis. 
 
3. Interests 
Explicit consideration of stakeholder objectives and agendas is required for developing a shared 
value proposition for the cross-sectoral, circular integration of infrastructure. A fundamental 
feature of PSMs that satisfy this requirement is that they explicitly engage individuals’ worldviews 
in exploring the structure of a problem (Yearworth and White 2014). They typically achieve this by 
either eliciting strategic objectives from participants, or by enabling participants exploration of 
differences between their perspectives and those of others. As participants exchange reflections 
on their respective positions, shared meaning and shared interests can emerge (Rouwette et al. 
2009; Franco 2013).  
 
4. Solution space 
Cross-sectoral integration of infrastructure requires identification of a range of sociotechnical 
options for achieving reductions in resource flows. A fundamental feature of PSMs that responds 
to this requirement is that they are improvement-oriented activities that do not commence with 
predefined options for resolution. (Yearworth and White 2014). They achieve this through their 
focus on the purposeful organisation of knowledge, rather than adopting pre-existing responses 
for specific problem contexts. As Rouwette et al. (2009) argue, by supporting and improving the 
ability of participants to process information through the use of systems models, they allow 

participants to focus more on contributions and reflection than the process itself. 
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5. Problem-solution space linkages 
Integration requires clarity of ways by which a specific integration option respond to the needs, 
opportunities and constraints within a problem context. A distinctive feature of PSMs that 
responds to this requirement is their explicit modelling of system relationships (Yearworth and 
White 2014). They achieve this through the identification of cause-effect relationships, mapped 
diagrammatically with arrows and feedback loops (Ackermann, Eden and Brown 2005). 
 
6. Inter-actor exchanges 
Integration requires relationship-building between multiple infrastructure actors. A fundamental 
feature of PSMs that responds to this requirement is that they work in participative, group-based 
environments using interactive approaches (Yearworth and White 2014). Their use of systems 
models provides not only a visual and diagrammatic language that is often accessible by a 

diverse range of participants, but they also act as boundary object for negotiation, conflict 
resolution and learning (Eden and Ackermann 2011; Franco 2013). The practical procedures by 
which these are constructed and discussed are usually perceived as fair by participants (Eden 
1992).  
 
7. Tendencies for commitment 
Integration requires that stakeholders are engaged in an open and collaborative planning process 
in order to increase their tendency to commit to the sustainment of an integrated infrastructure 
proposition. A fundamental feature of PSMs is that they explicitly recognise that stakeholders 
cannot be “divorced from the problem”, nor that they can act as objective “outsiders” (Yearworth 
and White 2014:939). They achieve this not only by acknowledging the subjective nature of 
knowledge, but also by by espousing collaborative approaches for problem definition and 
solution-proposing (Keys 2007). 
 
Summary 
There are generic PSM features capable of satisfying the requirements for each intervention area 
in integrated planning practice. It is therefore proposed here that the use of PSMs offers a 
suitable intervention into the planning for cross-sectoral, integrated practice, capable of 
enhancing its outcomes in specific contexts. Table 14 provides a brief summary of the specific 
PSM features that are highlighted for proposing their suitability for intervening in integration 
practice. 
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Table 14. PSM suitability to meet requirements for supporting integration practice 

Intervention area and requirement Key PSM characteristic for suitability 
Pooling space: establish an environment for multi-
sectoral knowledge and capabilities to be coordinated 
by providing a trans-disciplinary, physical or conceptual 
space for integration. 

• Explication of multiple stakeholder 
perspectives 

• System model objects 
• System modelling procedures 

Problem space: explore the problem context in 
breadth and depth by considering the needs and 
constraints affecting multiple disciplines. 

• Focus on messiness of problem contexts 
• Systems mapping of problem structures 
• Boundary definition 

Interests: consider stakeholder objectives and 
agendas explicitly as part of the problem space by 
outlining their dependencies and relevance to reducing 
resource flows. 

• Engagement of actor worldviews 
• Elicitation of strategic objectives 
 

Solution space: identify opportunities for infrastructure 
integration by exploring the resource, security and cost 
relationships between different sectors and disciplines. 

• Improvement-oriented missions 
• Focus on purposeful knowledge 

organisation 
Problem-solution linkages: clarify the strategic 
proposition for an integration solution by explicitly 
articulating the ways by which a solution responds to 
the needs, opportunities and constraints within the 
problem space. 

• Diagrammatic systems modelling of 
relationships of influence, including cause-
effect  

Inter-actor exchanges: support relationship-building 
between multiple stakeholders groups by facilitating 
information exchange for changing and aligning 
individual actors’ mental models. 

• Interactive, group-based approaches 
• Non-discipline specific systems modelling 
• Procedural fairness 

Tendencies for commitment: enhance stakeholder’s 
buy-in and commitment to an integrated infrastructure 
proposition by employing an open and collaborative 
planning process. 

• Collaborative approaches 
• Rejection of notion of ‘insiders’ and 

‘outsiders’ 

 
 
6.2 PSM interventions in integration practice 
 
In order to test the proposition that PSMs can address some of the challenges encountered in 
infrastructure integration practice, they were used to intervene in cross-sectoral infrastructure 
planning projects. Four interventions were made into three different projects. Two of these three 
projects were previously introduced in Chapter 4 (‘Challenges’), as they were included in the case 
projects analysed for challenges encountered in integration practice: “Future Riyadh strategic 
framework” and “Kuala Lumpur International Finance District” (KLIFD). Background and context 
for the third project not yet introduced (“Budget Adjustment Framework”) are provided later in this 
subchapter.  
 
In order to distinguish the PSM interventions from the overall projects within which they were 
used, interventions are identified with the primary descriptions used in their development (e.g. 
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“Future Riyadh strategic framework validation”). They are presented in an approximately 
chronological order of their instigation.  
 
Interventions centred on single workshops within which PSMs were employed, which lasted 
between one and three hours. Each was preceded by a period of preparation, ranging from a few 
days to several weeks, and followed by a period of follow-ups with the project leaders and 
participants, which often ranged multiple weeks. There were fifteen different participants across 
the four interventions. Only two individuals participated in more than one workshop (in both cases 
they participated in both the “Future Riyadh framework validation” and “Budget Adjustment 
Framework risk factors” interventions). Table 15 summarises details of the four interventions into 
integration practice. 
 
Table 15. Summary of four PSM interventions in infrastructure integration practice. The reference date for 
project status is 1 September 2016 

Intervention Project Project 
status 

Workshop 
date 

Duration 
(mins) 

Participants Underpinning 
PSM 
technique 
used 

Future Riyadh 
strategic framework 
validation 

Future 
Riyadh 
strategic 
framework 

Complete 1 Nov 2013 150 4 
Causal 
mapping 

Budget Adjustment 
Framework risk 
factors 

Budget 
Adjustment 
Framework 

Ongoing 5 Jul 2016 60 6 Causal 
mapping 

KLFID aspirations 
validation KLFID Ongoing 22 Jun 2016 60 2 Causal 

mapping 
KLFID digital 
services alignment KLFID Ongoing 6 Jul 2016 120 5 Causal 

mapping  
 
There is no standard format for presenting PSM intervention accounts. Velez-Castiblanco et al. 
(2016) warn that clear and accessible presentation of what is in practice typically a messy, 
iterative process can be a highly challenging task. They observe that reports of PSM interventions 
have historically been prone to over-sanitisation and have often lost valuable details of the 
realities of PSM interventions from which others could draw practical lessons. Recent years have 
seen a range of proposals and experimentation with alternative approaches for reporting 
intervention experiences, seeking to provide both clarity and richness in description and analysis 
(see Keys and Midgley 2002; Ormerod 2014). These have included various methods of 
representation in ethnographic accounts (Horlick-Jones and Rosenhead 2007), narrative analysis 
(White 2009), dialogue analysis (Franco and Rouwette 2011), boundary games (Velez-
Castiblanco et al. 2016), and activity theory (White, Burger and Yearworth 2016). Common 
amongst each of these approaches to representation is their treatment of PSM interventions as 

comprising more than the workshop within which PSMs are employed. Each also includes at least 
a brief description of the processes that precede these workshops and that extend into the period 
that follows them. This thesis therefore similarly provides description of what happened in each of 
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these pre-, during, and post- phases of the interventions into integration practice in order to 
provide similarly comprehensive accounts. 
 
This research employs Midgley et al.’s (2013) framework as its organisational device for reflecting 
on experiences of designing and implementing PSM interventions. Their framework has four foci 
(Context, Purpose, Methods, and Outcomes) and the authors argue that intervention accounts 
should provide details for each, as well as explore the relationship between them. The relative 
openness of this type of high-level framework has been argued to facilitate novel understandings 
of PSM interventions as they unfold (e.g. Gopal and Prasad 2000; Allsop and Taket 2003). 
Midgley et al.’s approach specifically encourages exploration of the purpose of a PSM 
intervention - an aspect that is not always explicitly explored in intervention accounts (e.g. 
McGurk et al. 2006; Rouwette et al. 2009). The relationship of purpose to outcomes was believed 

especially important in exploring the suitability of PSMs to cross-sectoral infrastructure planning. 
Though Midgley et al. (2013) do not explicitly position their work as such, their advocacy for the 
consideration of the relationships between their four foci is very compatible with the critical realist 
methodology of this thesis.  
 
Following Midgley et al.’s framework, each PSM intervention is described within four subsections: 
1) ‘Context’ to provide background on the project and timing of the intervention; 2) ‘Purpose’ to 
describe the primary objectives for the intervention; 3) ‘Methods’ to describe the practical process 
by which methods were agreed, adapted and implemented; and 4) ‘Outputs’ to provide an 
account of the content and key insights that resulted from the PSM workshop. A more wide-
ranging discussion of the wider outcomes of the PSM interventions beyond the workshop outputs 
is provided in Chapter 7: ‘Evaluation’.  
 
Underpinning PSM technique used: causal mapping 
Each of the four interventions used aspects of causal mapping, a PSM notably used by 
Ackermann and Eden (2011) as the principal technique in their work on strategy development 
support. The use of similar PSM approaches on each of the interventions was not a deliberate 
decision from the outset - the selection of PSM technique was reconsidered for each intervention. 
As Velez-Castiblanco et al. (2016) observe, there remains a lack of theoretical guidance for 
selecting a particular PSM technique for an intervention. Therefore, in order to both provide 
transparency of the methodological choices made, as well as support further work on appropriate 
PSM design, the rationale used in selecting and adapting a PSM for each intervention is included 
in each account. For each intervention, the context and decision-making that led to the 
consideration of using PSMs in the first instance is provided within the ‘Context’ and ‘Purpose’ 

subsections. 
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In causal mapping, participants contribute their individual perspectives on a problem situation to a 
shared systems map. The fundamental premise for the technique is that by contributing to a 
shared map, participants share and make visible some of their individual mental models. These 
contributions incrementally change their personal internal constructs over time (Eden and 
Ackermann 2011). Contributions are typically statements of beliefs, explanations or anticipated 
consequences. These provide the nodes of the systems map. Crucially, however, the meaning of 
these statements emerges from the interactions between links articulating a causal relationship 
between these statements, which are also contributed by participants.  
 
Typical of a causal map is its structure. A facilitator often organises its content, during or after the 
exercise, into a structure that captures an approximate hierarchy of high-level goals at the top of 
the systems map, towards more specific outcomes in the middle tiers, underpinned by even more 

specific competencies and issues in the lower tiers (Ackermann, Eden and Brown 2005).  
 
Future Riyadh strategic framework validation 
Context 
The Future Riyadh project was previously introduced in Section 4.1: ‘Integration experiences - 
Future Riyadh strategic framework’. Its primary aim was the development of a strategic 
development framework for the Saudi Arabian capital, Riyadh, that would enable cross-sectoral 
coordination across the municipality’s portfolio of infrastructure and development projects in order 
to achieve greater resource and cost efficiencies.  
 
Around the time of the PSM intervention, there was some concern by members within the 
planning team that some of the project’s emerging propositions for the city had been shaped by 
preconceived ideas about the challenges and issues facing the city. Some felt that while greater 
efficiencies in the management of resources such as energy, water, and transportation fuel across 
sectors was a critical aspect informing any decision about the city’s future, it was unclear how 
exactly it fitted into the narrative that the project team was using to present the strategic 
framework to the client. As the planning team was due to make a final presentation of its work to 
the client a few weeks later, it was believed that there was a need to consolidate the rationale 
linking the evidence base of issues to the proposed framework with its four strategic themes and 
subsidiary strategic programmes.  
 
Purpose  
In discussions with the project leader, the expected utility of a PSM intervention into the project’s 
work was based primarily on an expectation that it would offer greater clarity into the multiple 

relationships between the team’s evidence base of a wide range of population trends, resource 
prices, land use changes, etc. and their proposed emergent strategic challenge themes for the 
city (‘Vibrant Economy’, ‘Future Resilience’, ‘Quality of Life’, and ‘Governance’). In terms of this 
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thesis’ causal model of integrated planning practice (see figure 36), this equated to developing the 
structure of the problem context within the problem space; and clarifying the linkages between 
proposed programmes in the solution space and aspects in the problem space that they were 
aiming to address. 
 
The primary purpose of the PSM intervention was therefore to validate the overarching structure 
of the emerging strategic, cross-sectoral development framework for Riyadh. Specific objectives 
were to: 

i. Validate the selection of the four strategic themes to summarise the evidence base of 
development challenges facing the city; 

ii. Clarify the long-term dependencies on different resource types for the city’s resilience; 
iii. Check that all proposed strategic programmes were supported by a comprehensive, 

cross-sectoral evidence-base of development patterns and challenges; and  
iv. Explore a means of prioritising between different strategic development challenges. 

 
Methods 
Preparation involved two conference calls between the project leader, external facilitator and 
researcher. External facilitation was used as the researcher had no experience at this time in 
delivering PSM workshops. It was agreed that this instead provided an opportunity for the 
researcher to passively observe and reflect on the process. The project leader hoped that the 
presence of an external individual would create a reflective atmosphere different to regular team 
meetings. A briefing document and contract were used to clarify the intervention’s purpose, 
objectives and expected outputs.  
 
Causal mapping was chosen as the PSM to facilitate the workshop. The facilitator and researcher 
agreed that the project’s focus on long-term strategic planning issues and objectives made this an 
appropriate choice. It was also the PSM that the facilitator was most familiar with. Specifically, 
causal mapping was used following the scripts for the identification and management of strategic 
‘issues’ as outlined in Ackermann and Eden’s (2011) Strategy Making. No adaptations were made 
to the process.  
 
The PSM workshop took place with all participants present in one meeting room in BuroHappold 
offices. Its duration was around 2.5 hours. All four participants were planners directly involved in 
the project work. Two were senior consultants, and two were junior. 
 
As set up for the PSM workshop, every participant was provided with a digital console that 

connected into a Group Explorer61 causal mapping software. This software combines the 

                                                        
61 www.banxia.com/dexplore 
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contributions from group participants into a jointly constructed systems map projected onto a 
screen (Bryson et al. 2004). Participants type and anonymously contribute text-based statements 
via their consoles. These are then approved by the facilitator and displayed as nodes on the map. 
Participants are also able to construct links between these nodes. The workshop broadly 
progressed through four activities: 
 

1. Initial gather: Participants contributed responses to the prompt question: What are the 
key issues and challenges facing the city of Riyadh over the next five years? 

2. Linking of concepts:  Links between the concepts were discussed and agreed by the 
group.  

3. Identifying concepts: Participants identified key issues, aspirations and strategic 
objectives on the map.  

4. Rating of key issues: Using Multi Criteria Decisions Analysis (MCDA), participants rated 
the relative significance of key issues on the basis of their impact upon higher aspirations. 

 
Outputs 
The group agreed that based on the discussion and the map, four issues should be prioritised to 
support greater integrated, cross-sectoral development of the city. These issues (highlighted in 
red) were: 

• Rebalance economy form over reliance on public/oil sector; 
• Address low education attainment and skills; 
• Address issues of physical access to employment, education and services; and 
• People manage their consumption of resources (later rephrased by the group to replace 

“too many citizens for a desert city”). 
 
Participants expressed that they had found the workshop both interesting and useful, and that 
they felt it validated some of their previous thinking. While they felt that the issue of resource 
management had been discussed, and had touched upon multiple sectors including transports, 
energy, water, housing, education, it remained unclear exactly how it influenced other strategic 
goals. The systems map was shared with the group two days following the workshop and is 
depicted in figure 37. 
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Figure 37. PSM output of Future Riyadh framework validation workshop. The colours of fonts signify 
attributes of different contributions as agreed by the group. Bolded are goals motivating overall activity. 
Purple signifies strategic objectives that if achieved might support achievement of goals. In red are key 
issues that appear to be related to many other issues. Blue indicates contributions that were not attributed a 
special meaning. The links should be understood as causal to the extent that if an arrow feeds from one 
concept into another then the first concept is said to affect or enable realisation of the second concept. The 
numbers indicate the order in which the concepts were entered. 

 
Budget Adjustment Framework risk factors 
Context 

Allocation of investment budgets for a number of city infrastructure systems across the Kingdom 
of Saudi Arabia (KSA) occurs annually at the national, not city, level. Ten infrastructure sectors are 
currently covered by this annual exercise, including drainage, roads, parks, and environmental 
health (which includes waste). Historically, there was no standardised approach for deciding the 
relative proportion of the budget to be allocated across these individual sectors. Instead, 
negotiations for funds occurred entirely within silos, without systematic consideration of the total, 
cross-sectoral benefits likely to result from investment in a particular sector in comparison to 
another. As the price of oil, water and other material resources experienced increasing volatility 
and increases over recent years, their impact on the total capital and operational cost of 
investment in the nation’s urban infrastructure was unsustainable. The energy, water and material 
footprints of these infrastructures had to be reduced in order to support long-term national 
financial security. The KSA national government decided to explore alternative, cross-sectoral and 
systematic means for considering the needs and opportunities shaping infrastructure investment. 
 

What are the key issues/challenges that face the City of Riyadh over the next five years? 
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The “Budget Adjustment Framework” (BAF) project aims to establish a decision-making 
framework for allocating investment across national infrastructure sectors. BuroHappold was 
contracted as sole advisors and planning experts to develop this framework. Early on during the 
project, the team decided to focus its work on developing a computer-based model using all of the 
available sectoral data of individual infrastructure projects to prioritise investment across sectors.  
 
Around the time of the PSM intervention, the team had developed an early version of the model. 
There was concern within the team that the developed model would not be used by its intended 
users, KSA infrastructure officials. In part, there was doubt whether or not the cross-sectoral 
nature of the model had sufficiently addressed the challenges of being used within traditionally 
highly siloed KSA infrastructure management structures. There was further uncertainty regarding 
the extent to which the functionalities of the model were meeting the client’s objectives and 

expectations. As the team was preparing to propose the next phase of work, there was a need to 
quickly establish a shared overview of key issues and challenges influencing delivery and use of 
the cross-sectoral investment model. 
 
Purpose 
In discussions with the project leader, a PSM intervention was believed likely to bring together 
insights from different project team members into the issues and risks affecting delivery of the 
BAF. In terms of the causal model of integrated planning practice in this thesis (see figure 36), this 
equated to development of the problem space to highlight risks linking the problem-solution 
spaces to explore challenges affecting delivery, and exploring the alignment of the key client 
actors’ objectives with the BAF’s strategic purpose. 
 
The primary purpose for the PSM intervention was therefore to identify significant risks to 
successful implementation of the BAF. Specific objectives were to: 

i. Establish an overview of issues affecting use of the BAF model; 
ii. Clarify any misalignment in client objectives and project scope; and 
iii. Identify areas where action is needed. 

 
Methods 
Preparation involved emails and phone calls with the project leader in which the problem context 
and purpose of the PSM intervention were discussed. This was followed by a series of interviews 
with three of the workshop’s six participants. These interviews focused on eliciting participant’s 
views on the issues they believed likely to influence the long-term outcomes of the project. It was 
not possible to undertake preparatory interviews with the other three participants before the 

workshop. 
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These preparatory interviews were coded to identify contributions especially relevant to the 
intervention’s objectives: issues, concerns, risks, and areas requiring action. The coding template 
used for this process is included in Appendix C. Using the coded segments, an initial causal map 
was constructed to summarise the interview responses. This process removed duplication of 
contributions between interviewees, and in some cases inferred relationships of influence where 
these had been implied, if not explicitly articulated by participants. The causal map was loosely 
organised to display overarching issues at the top of the map, and subsidiary and more specific 
issues in its lower tiers. The horizontal sequence loosely represented the discrete areas of 
substantive planning work by the team. A cloud-based, open source software platform for systems 
mapping, Kumu62, was used to produce the initial causal map. 
 
Causal mapping was used as the PSM technique for this intervention as the primary purpose was 

to uncover a range of issues and the relationships between them. Following the Future Riyadh 
strategic framework validation workshop, as well as other PSM interventions on non-planning 
projects, this was a PSM technique with which the researcher, who acted as facilitator, was 
familiar. A number of adaptations were made to Ackerman and Eden’s (2011) script for issue-
based causal mapping. These included the development of a typology of contributions that 
distinguished between issues, concerns, risks, and areas requiring action. These were pre-coded 
so that when they were tagged and classified during the workshop, different colours would signify 
different types. No distinction was made between positive and negative relationships of influence 
between nodes. This was believed too complicated to explore in the time available. 
 
The BAF risk mapping PSM workshop took place with participants distributed across four location 
(central London, west London, Bath and Riyadh). Its duration was approximately one hour. The 
six participants represented a mixture of practitioners primarily involved in developing the model, 
the wider strategic planning assessment, and those developing the user interfaces, 
documentation and delivery workshops. A Skype63 conference call was used to enable the 
discussion and simultaneous share a live version of the developing causal map. The researcher 
facilitated the conversation and simultaneously mapped the conversation. The workshop broadly 
progressed through three stages:  
 

1. Feedback: The facilitator provided an overview of the main issues highlighted by the 
preparatory interviews in response to the focus question: what are the issues likely to 
challenge effective infrastructure budget allocation over the next 10 years? 

2. Expansion: The group proceeded with a conversation about issues and areas they 
believed that had not yet been adequately captured, or were in need of further 

development. The facilitator allowed the conversation to proceed with few prompts, 
                                                        
62 www.kumu.io 
63 www.skype.com 
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focusing primarily on mapping issues contributed during the conversation onto the shared 
issue map. 

3. Summary: In the final minutes of the conversation, the facilitator provided a brief 
summary of the primary contributions made during the workshop, highlighting key areas 
requiring further action, and invited a final response from the project leader. 

 
Outputs 
In contrast to the preparatory interviews in which participants highlighted hard and soft risks 
affecting the cross-sectoral BAF in approximately equal measure, the workshop discussion 
focused almost entirely on the social and soft dimensions of the project. Echoing experiences on 
other infrastructure integration projects, they argued that the project team effort invested into 
development of the model had come at the expense of engaging sufficiently with the critical, 

softer issues of cross-sectoral planning (Section 4.2: ‘Engagement of social dimensions’). Issues 
raised ranged from challenges in establishing a common language between the planning team 
and their KSA counterparts describing the infrastructure sectors, as well as the significance of 
changing institutional structures. 
 
As outcome of the discussion it was agreed that a key area for action was to support the client in 
developing a greater capability for thinking across sectors in the KSA infrastructure management 
institutions. The project team agreed to organise a series of workshops to realise this.  
 
At the end of the workshop, participants expressed that they had found the workshop useful. It 
was agreed that the facilitator would tidy up the map and circulate it within two days of the 
workshop. The tidying process primarily involved the moving of nodes to minimise overlapping 
connections, the removal of redundant connections, and the changing of coloured contribution 
classification. The overarching intention was to make the causal map easier to read post-
workshop, while also keeping it recognisable by participants as the output of the workshop. The 
shared causal map for the BAF risk factors workshop is depicted in figure 38a. In order to offer 
better insight into the nature of its contents, an abstracted sample is further provided in figure 
38b.  
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Figure 38a. PSM output of BAF risk factors workshop (post-tidying) (for illustration only) 
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Figure 38b. Extract from PSM output of BAF risk factors workshop (post-tidying) 
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KLIFD aspirations validation 
Context 
The KLIFD project was previously introduced in section 4.1: ‘Integration experiences - Kuala 
Lumpur International Finance District’. Its aim is to develop Asia’s most sustainable, liveable and 
secure finance district. The development also has an ambition to establish itself as the world’s 
‘smartest’ financial district.  
 
Around the time of the PSM intervention, a BuroHappold team had been leading on the planning 
and design of the infrastructure services for over a year. In response to the sustainability and 
security aspirations, the team had localised the cross-sectoral reuse of wastewater and energy 
resource streams. Following a recent meeting with the client team, however, there appeared to be 

concern that the pursued infrastructure options did not adequately realise the client’s vision for a 
development with ‘cutting edge’ credentials. The planning team believed that the incorporation of 
a smart Urban Operating System (UOS) would ensure that the site’s infrastructure and resource 
strategies fed into a world-leading, differentiated design. Though no precedent existed, this UOS 
was believed to be capable of integrating the operations of multiple service areas across the 
development, including building energy management, water consumption, security, and transport 
management. 
 
As the UOS is untested technology, the infrastructure planning team felt that a detailed, evidence-
based proposition for the unique cross-sectoral value and savings to be achieved was required to 
ensure the long-term buy-in and support from the client and the development’s commercial 
tenants. 
 
Purpose 
In discussions with the project’s senior management, a PSM intervention was believed 
appropriate to support the project’s work with the expectation that it would provide an overview of 
multiplicity of aspirations and goals driving the project. This would facilitate identification of those 
areas where investment in smart, cross-sectoral technologies were of particular relevance. No 
such overview existed. In terms of this thesis’ causal model of integrated planning practice (see 
figure 36), this equated to using PSMs to provide clarity of the goals and objectives systems 
within the problem space; validating whether key actor interests were aligned with these goals in 
the problem space; and developing the linkages of smart design ideas in the solution space to 
needs within the problem space. 
 

The primary purpose of the PSM intervention was therefore to identify the relationship of 
infrastructure design options to aspiration and goals. Specific objectives were to: 
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i. Provide clarity of relationships between sets of goals, aspirations and design principles 
used to inform infrastructure planning; 

ii. Identify where smart planning work feeds into three overarching project aspirations of 
sustainability, liveability, security and reputational excellence; and 

iii. Validate the UOS constitutes an essential infrastructure option for meeting these 
aspirations. 

 
Methods 
Preparation for the PSM intervention involved a preparatory interview with one of the project’s 
most senior managers. Using coded data from this interview in addition to coded data from project 
materials including the project’s brief, internal project risk register document and two team 
presentations to the client, an initial causal map was constructed. The coding template used is 

included in Appendix C. 
 
Causal mapping was chosen as the PSM to support the workshop as the purpose was to focus 
primarily on relationships between system elements such as goals and actions. Ackermann and 
Eden’s (2011) scripts for causal mapping provides specific guidance for the causal mapping of 
goal systems, in addition to issue-based approaches. One adaptation made to their goal-based 
causal mapping approach was to include the relationships of higher level aspirations and goals 
and the related design principle used by infrastructure planners to respond to these. For example, 
the goal of “enhance sustainability credentials” was linked to an underpinning design principle of 
“reduce reliance on private vehicles”. The aim was to make it easier to identify areas lacking clear 
design responses.  
 
The PSM workshop took place with two participants in one meeting room in BuroHappold’s 
London offices. Its duration was around 1 hour. Both participants were senior engineers 
responsible for overseeing the project’s infrastructure and resource strategy development.  
 
As with the “BAF risk factor” workshop, causal mapping used the Kumu software. The researcher 
acted as facilitator and shared a live causal map on a projected screen. The meeting broadly 
progressed through two activities: 
 

1. Discussion: Participants summarised their current understanding of the challenges and 
issues affecting their understanding of aspirations, overlap with client objectives, as well 
as concerns. The facilitator mostly passively mapped the conversation on screen, though 
was also directly engaged by participants in the discussion. 

2. Feedback: The facilitator provided feedback on key issues that emerged from the 
discussion in response to the focus question of: What are the aspirations for KLIFD in 
2018? 
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Outputs 
The conversation focused primarily on articulating the dilemma faced in achieving short-term 
delivery of a high-risk, high-cost, and untested UOS. The conclusion was that the lack of clarity 
regarding the cross-sectoral value proposition for the UOS platform remained a critical challenge. 
The facilitator agreed to tidy the systems map, highlight key aspects, and share with participants 
within four days. This map is depicted in figure 39. In order to offer better insight into the nature of 
its contents, an abstracted sample is provided in figure 39b. The map was used the following day 
as a reference for producing a presentation to the client.  
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Figure 39a. PSM output of KLIFD aspirations validation workshop (post-tidying) (for illustration only) 
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Figure 39b. Extract from PSM output of KLIFD aspirations validation workshop (post-tidying)

 
 
KLIFD smart services alignment 
Context 
The project context for this PSM intervention was the same as that of the previous described. 

While also contributing to work on the KLIFD project, it engaged with an entirely different group of 
planners and consultants. This group worked at a less senior level of project management, and 
was tasked with the detailed planning for achieving the proposed cross-sectoral smart services 
using the UOS integrating platform. Their work primarily involved the definition of design 
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requirements for the procurement of more than 30 smart infrastructure solutions across 9 
domains, which included mobility, energy, water and waste utilities.  
 
Around the time of the PSM intervention, the team had received client feedback that their 
approach appeared to be leading to the procurement of a set of siloed infrastructure designs as 
opposed to the envisaged cross-sectoral proposition. The team was concerned that even though 
in principle the procurement of an UOS should bring different sectors together and achieve cross-
sectoral synergies, the specific cross-sectoral value added to be realised remained unclear. There 
were further concerns that the proposition to bring together different infrastructure and service 
domains was not bought into or supported by the design activities of non-BuroHappold design 
teams working on the project. There was a need to better understand what risks were introduced 
by siloed approach to requirements definition and design on both efficiency and effectiveness of 

the prioritised differentiator, namely the UOS.  
 
Purpose 
In discussion with the project leader, a PSM intervention into the project’s work was believed 
desirable on the expectation that it would bring together the insights of different team members 
into the issues challenging the definition of smart design requirements. In terms of the causal 
model of integrated planning practice in this thesis (see figure 36), this equates to developing 
insight into the problem space with issues and risks, and identifying areas where conflicting actor 
interests are driving potential misalignments.  
 
The primary purpose of the PSM intervention was therefore to construct an overview of issues 
likely to influence the delivery and operation of the smart infrastructure services. Specific 
objectives were to: 

i. Identify issues limiting the extent of cross-sectoral, smart operations to reduce the 
development’s resource footprint; 

ii. Identify areas of knowledge gaps, uncertainty, risk; and 
iii. Identify key areas requiring further discussion with project partners to resolve 

counteracting ideas and activities. 
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Methods 
Preparation for the PSM intervention involved phone calls and email exchanges with the project 
leader, as well as preparatory interviews with four of the workshop’s six participants. The 
interviews were coded and used to construct an initial causal map of issues affecting the delivery 
of KLIFD’s smart components. The coding template used is included in Appendix C. Causal 
mapping was chosen as the underpinning PSM technique for its strengths in mapping issues and 
their relationships of influence. The main adaptations made were to visually map and highlight 
specific questions and issues that interviewees had requested for discussion, as well as explicitly 
highlighting areas of high risk to provide focus for discussion. 
 
The PSM workshop took place with all participants present in one meeting room in BuroHappold’s 
London offices. Its duration was around 2 hours. All participants were involved in planning the role 

of the UOS, definition of requirements, and procurement. The researcher facilitated the workshop 
and used the Kumu software to share a live causal map via a projected screen. The meeting 
broadly progressed through three activities: 
 

1. Feedback: Initial report using the projected causal map by the facilitator of the key issues 
raised during interviews responding to the focus question of: what issues will influence 
successful delivery and operation of the KLIFD smart solutions component over the next 
3 years? 

2. Discussion: The facilitator actively managed and prompted the discussion, iteratively 
inviting different participants for ideas, while simultaneously mapping contributions and 
tagging their types. The conversation was fast-flowing. 

3. Summary: The facilitator summarised the discussion’s primary topics and invited final 
thoughts from the group on areas to prioritise for action. 

 
Outputs 
The discussion highlighted that the incorporation of the cross-sectoral UOS had been presumed a 
solution without a substantiated value proposition. This introduced major risks into the definition of 
requirements used for procurement, as the purpose of some of the solutions was unclear. It also 
caused difficulties in securing buy-in from partner design teams. The group agreed to prioritise the 
retrofitting of a rationale that justified the decision to pursue smart, cross-sectoral integration of 
infrastructure services. Participants expressed the usefulness of the discussion and requested 
copies of the map. The causal map was not edited or tidied following the workshop, however, as 
the intended follow-up meeting with the wider team a few weeks later was cancelled. It is 
therefore depicted in the state it was at the end of the workshop in figure 40a. In order to offer 

better insight into the nature of its contents, an abstracted sample is provided in figure 40b. 
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Figure 40a. PSM output of KLIFD smart services alignment workshop (for illustration only) 
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Figure 40b. Extract from PSM output of KLIFD smart services alignment workshop 

 
 

6.3 'Mangled' practice 
PSM interventions are multi-dimensional, dynamic processes involving a myriad of interactions 
between human actors, artefacts, cultures, etc (Keys and Midgley 2002; Ormerod 2014). 
Descriptions of the application of planning decision support systems often focus on outputs (see 
Geertman and Stillwell 2009). While the qualities of modelling outputs are important, this research 
is at least as interested in exploring the details of the process (and their underlying Real domain 

mechanisms) that produces these outputs. 
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This approach responds to an argument by Ormerod (2014) within the OR practitioner community. 
He observes that accounts of OR interventions typically omit details of its messiness and the 
varying degrees of agency exercised by its participants. He argues that such omissions deny the 
formation of practical insights to be shared with other practitioners. He describes accounts that 
report the messy and varied ways of arriving at modelling outcomes as narratives capturing the 
‘mangled’ practice of PSM use. The notion of the ‘mangle’ is based on the work of Pickering 
(1995), a sociologist. He similarly argued more broadly that science should look beyond the 
scientific knowledge outputs alone, and instead take into account the intertwining over time of the 
interactions between humans, concepts and objects that are part of the process of scientific 
enquiry. 
 

This section therefore considers the four PSM interventions and briefly summarises some of their 
attributes and experiences to develop further insight into the ‘mangled’ practice of PSM 
intervention in cross-sectoral infrastructure integration. It focuses on four aspects: PSMs used; 
facilitation; workshop set up; and modes of PSM use. These will be drawn upon on in Chapter 7 
(‘Evaluation’) reflections on the wider intervention outcomes, and Chapter 8 (‘Reflection’) lessons 
for planning practitioners.  
 
PSMs used: classic and adapted 
Despite employing similar underpinning causal mapping techniques, each intervention resulted in 
different types of conversation, with different types of nodes used for the output systems models, 
and a range of formal (e.g. Future Riyadh strategic framework validation) to significantly less 
formal atmospheres (e.g. KLIFD smart services alignment). The Future Riyadh strategic 
framework validation was the only intervention that employed the classic format of Ackerman and 
Eden’s causal mapping methods. Other interventions adapted both the set up of the model, such 
as changing the typologies of their typical system nodes, as well as approach to the workshop 
activities, such as using prepared causal maps as starting points. In each case, the purpose of 
the intervention informed these adaptation. Despite calls from the OR research community (e.g. 
Yearworth and White 2014) for intervention accounts to provide details of any adaptations made, 
few are reported and reviewed in literature. 
 
The purposes and objectives of interventions changed throughout the process of their design and 
implementation. This necessitated responsiveness and adaptation of the methods used, on 
several occasions even during the workshops. Though the intention for the BAF risk factors 
workshop was to identify areas of misalignment between project work and external stakeholders’ 

objectives, for example, the discussion focused for a significant period on an issue at a single 
node on the map that highlighted the influence of changes to national finances. The group agreed 
that they wanted to explore options for resolving the resultant challenges. The facilitator 
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consequently adapted the intended use of PSM labels to explore actor mapping, and instead 
changed focus of the map onto risks relating to these budgetary changes. Ethically, as the overall 
aim of the intervention was to support the project with purposeful improvement activity, project 
needs were considered of greater importance than those of the researcher to explore the 
functionalities of PSMs in cross-sectoral integration meetings. This kind of unexpected messiness 
that necessitates agility in practice has not been seen discussed in the PSM literature. 
 
Facilitation: external and internal 
One intervention used external facilitation, and for the three others the researcher acted as a 
quasi-internal facilitator (i.e. perceived as an internal member of the BuroHappold community, 
though not as a project team member in any of the cases). An initial challenge faced by the 
researcher as a novice PSM user in using them simultaneously for both research and project 

purposes was the fear of doing the facilitation incorrectly. Experiences during each of the four 
interventions indicated, however, that participants intuitively appreciated the mangled nature of 
the process. They were often forthcoming in self-organising and adapting the ways in which they 
made use of projected causal map, how they referenced it during the workshops, and the ways in 
which they used them in the periods that followed the workshops. For novice facilitators using 
PSMs, it can therefore be helpful to acknowledge that a notion of ‘expert’ PSM users can be 
unnecessarily discouraging. While agreeing with Keys (2006) that there are varying degrees to 
which users acquire knowledge and experience in using PSMs, it is argued here that provided the 
novice facilitator reflects on purpose and context, the impact of inexperienced facilitation in 
practice can be attenuated by other conditions. 
 
Set up: sophistication and simplicity 
As the interventions progressed, it became increasingly apparent that the design of the approach 
to PSM use was not only influenced by the needs of a specific project problem context, but also 
some of the anticipated future needs of other projects. Participants were often interested in the 
replicability of the process, where one observed that the use of the Group Explorer was “too 
sophisticated and too much effort to use for future meetings”. A longer-term perspective on the 
mangled process of enquiry that underpins planning practice highlights that it provides 
participants with knowledge not only for meeting a specific need (i.e. on a specific project), but 
also for the future appropriation of PSMs to meet other planning challenges.  
 
A related lesson regards the importance for the relative sophistication of the set up of a PSM 
intervention in the time and cost-pressured contexts of commercial planning practice to match the 
sometimes volatile pace of work. In the case of the KLIFD aspirations validation, the decision to 

intervene with a PSM workshop was not made until the afternoon before. The use of a digital 
causal mapping set up without strict protocols for its layout provided the required agility, both 
before, during and after the workshop. The simultaneous collection of participant contributions by 
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using a platform with multiple actor inputs, such as the Group Explorer interface, is argued to be a 
practical means of quickly gathering a large volume of information. The use of initial maps 
summarising preparatory data collection was, however, similarly effective in capturing opinions 
early during the workshop, and offered more time for conversation between participants. As one 
participant on the BAF project noted:  

That [initial map] was useful as a starting point, because it saved us time in covering the 
things we probably already mostly knew, an avoided us saying what we were just thinking at 
that given moment in time.  

Another participant on the Future Riyadh intervention observed that the use of a digital platform 
for  the systems mapping was preferable to “using post-it notes, because those take too much 
time afterwards to write up and actually use again”. In order to increase the transparency of the 
typical degree of change and messiness encountered in the causal maps pre-, immediately after, 
and post-tidying, figures 41, 42 and 43 show the causal maps for the BAF risk factors intervention 

at these respective stages. The evolution of PSM models are rarely included in published 
interventions. 
 
Figure 41. Causal map used to initiate the BAF risk factors workshop  (for illustration only) 
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Figure 42. Causal map at the end of the BAF risk factors workshop  (for illustration only) 

 
 
Figure 43. Causal map of the BAF risk factors workshop after tidying  (for illustration only) 

 
 
 
PSM mode: active and discreet 
In two of the intervention workshops (“Future Riyadh strategic framework validation” and “KLIFD 
smart services alignment”), PSMs were used in an active mode, in which the causal maps served 
as major focal points throughout the meetings and were used to facilitate and mediate the 
dialogue between participants. In the two other interventions, the causal mapping was undertaken 
in a more discrete mode during the workshops, in which they were used to capture the 
contributions made in the dialogue between participants, but were only infrequently referenced or 
used to direct the conversation. Published accounts typically report the use of PSMs in the 
former, active mode. The experiences of those workshops in which the systems mapping was 
less of a focal points and more a support system on ‘standby’, however, showed that participants 
still perceived the mapping as a significant aspect of these meetings. Several expressed the 
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useful of having a visual reference for the conversation without needing to engage with it on an 
ongoing basis. In those two discrete mode workshops, the tempo of discussion was often very 
high. In both cases, the maps became more used by participants after the workshop. The use of 
PSMs in discrete modes during workshops is therefore not necessarily at the expense of the 
value added by the workshop itself (see more reflection on perceptions of usefulness of the PSM 
intervention in integration practice in Chapter 7: ‘Evaluation’). 
 
 
Conclusion 
Using the causal model of integration practice, this chapter identified seven areas in the Real 
domain in which purposeful action with planning support can enhance the performance of 
infrastructure integration in the Actual domain. These include the provisions for pooling multi-

sectoral capabilities, the problem space, the solution space, the links between the problem and 
solution spaces, stakeholder interests, inter-actor exchanges, and stakeholder tendencies for 
committing to an integration proposition. There may be further areas within the Real domain that 
would benefit from targeted planning support. In order to clarify the planning support features 
needed to enhance the performance of integration practice, a requirement for intervention was 
defined for each of these seven areas.  
 
The suitability of PSMs to address these needs and intervene in integration practice was 
considered by identifying a key, generic PSM feature that satisfied the intervention requirements. 
The resultant conceptual proposition was then tested by using PSMs to intervene in practice in 
four different infrastructure integration exercises.  
 
The final section of the chapter considered some of the practical aspects that varied across the 
four interventions, summarising some of the messy detail of the practical nature of their 
employment. The following chapter (‘Evaluation’) will explore the implications of these practical 
aspects and their context on the broader outcomes of these PSM interventions in integration 
practice.  
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7. Evaluation 
 
 
The fourth and final stage in completing a cycle of experiential planning research involves 
evaluation of the outcomes that resulted from the testing of propositions within practice-based 
situations.64 This chapter reflects on the performance of problem structuring methods (PSMs) as 
planning support for the cross-sectoral integration of infrastructure and responds to the fourth 
research question (see Section 1.5: ‘Research structure’): 
 

‘What are the impacts of using PSMs in the practice of integrated infrastructure planning?’ 
 

The chapter first outlines an approach developed for evaluating the impacts of PSM interventions 
into cross-sectoral integration planning practice (Section 7.1: ‘Evaluation approach’). In 
accordance with this thesis’ critical realist methodology, the approach to evaluation relates 
observed outcomes to claims made about the activation of Real domain mechanisms and their 
contextual conditions (Pawson 2013). It therefore builds on the contributions of Chapter 5 
(‘Mechanisms’) to provide the explanatory and causal model of these Real domain integration 
mechanisms. It also uses the work of Chapter 6 (‘Intervention’) to set out the anticipated impacts 
and outcomes of using PSMs in integration practice. In order to operationalise the evaluation 
framework for assessing similarities and differences between the anticipated and observed 
impacts, data collection approaches and methods developed by recently published evaluation 
work from both the planning support system (PSS) and PSM fields are used and adapted.  
 
Oliveira and Pinho (2010) highlight three purposes for evaluating the outcomes of planning 
practice. The first is is the generation of evidence that informs an understanding of the impacts 
experienced in practice. Section 7.2 (‘Experience’) therefore reports the experiences of 
participants and outcomes observed across the dimensions of the developed evaluation 
framework. Oliveira and Pinho argue that a second type of contribution is the provision of 
evidence for informing the improvement of planning practice. Section 7.3 (‘Improvement’) thus 
reflects on practical lessons learnt from the four interventions about the actions that could be 
taken to enhance the future use of PSMs for the integration of infrastructure. Their third argument 
for undertaking the evaluation of planning practice is the generation of evidence for transparency 
and accountability of practice. The final section (7.4: ‘Accountability’) therefore reflects on the 
implications of evidence collected on the overall proposition that the use of PSMs in integration 
practice can enhance the effectiveness and efficiency of the planning process. The chapter 

concludes with some reflections on the ways by which the evaluation process itself could be 
improved. 
                                                        
64 See Section 2.1 (‘Research approach’) for details of the cycle of experiential planning research. 
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7.1 Evaluation approach 
 
There is no set framework for evaluating either interventions in planning practice, or more 
specifically, the use of PSMs as decision support interventions (see section 3.4: ‘Evaluation’). 
White (2006) proposes a pragmatic approach to evaluation that does not require a universally 
agreed framework. He advocates a focus on the purpose of the exercise by reflecting on the 
research questions, and subsequently designing and adopting an approach that is believed likely 
to answer these effectively. Experiences in the published evaluation literature suggest that many 
of the challenges in assessing the performance of planning interventions or PSM use arise from 
their complex natures. Their outcomes are typically dependent on large number of contextual 
variables and impacts usually distributed over time across different system elements (Mingers 
2000; Connell 2001; Laurian et al. 2010). As a lack of clarity about the specific dimensions being 
investigated can undermine the performance of an evaluation exercise itself (Eden 1995; Finlay 
1998), evaluation exercises must be grounded in a clear theoretical framework (Eden 1995; White 
2006). 
 
This thesis draws on two theories to construct its conceptual framework for evaluation. First, it 
uses the critical realist constructs of context (C), mechanism (M) and outcomes (O) as its basis 
for designing and undertaking the evaluation exercise itself.65 Second, as the overarching interest 
is to assess the impact of PSM use on the practice of infrastructure integration, the complex 
adaptive systems (CAS) model of integration practice developed in Chapter 5 (‘Mechanisms’) and 
propositions for the impact of PSMs on this practice (Section 6.1: ‘Intervention requirements’) are 
used to select the aspects of intervention context, mechanisms and outcomes of particular 
interest for the evaluation exercise. The following sections provide an overview of the evaluation 

dimensions used for this research, and the related methods used to operationalise the collection 
of evaluation data. 
 
Evaluation dimensions 
A set of anticipated outcomes from using PSMs to intervene in infrastructure integration practice 
were previously proposed. These were derived from a consideration of seven areas within the 
Real domain where purposeful intervention with PSMs could influence the performance of cross-
sectoral infrastructure integration practice (see section 6.1: ‘Intervention requirements’). In order 
to assess the degree to which observed outcomes from their performance in practice match the 
anticipated outcomes, a focused and systematic approach is needed to explore the relevant 
experiences in the Empirical domain. This section outlines the evaluation dimensions used to 
provide a framework for evaluating the performance of PSMs in integration practice. 

                                                        
65 The critical realist Context + Mechanism = Outcomes (CMO) structure for evaluation as developed by 
Pawson and Tilley (1997) was previously introduced in Section 3.4: ‘Evaluation of PSMs’. 
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Existing evaluation work from both the PSS and PSM literature is used to develop these 
dimensions. Conceptually, lessons from these two bodies can be combined, as PSMs can be 
considered to act as strategic decision support for planning practice in the context of this thesis. 
They are therefore argued to act as a soft, alternative type of PSS for integration practice. 
Methodologically, the advantage of using existing work is that published evaluation frameworks 
and their subsidiary data collection approaches will have been validated in prior work, whether 
through peer review or also application and testing in practice. Midgley et al. (2013) argue that 
another advantage of combining aspects of different evaluation frameworks is that it avoids 
groupthink in evaluation studies. From a critical realist point of view, there are multiple additional 
advantages of taking a pluralistic approach to the design of evaluative data collection, provided 
that there is transparency about the theoretical assumptions made (see Section 2.5: ‘Multi-
methodology’). Finally, it is desirable to avoid research efforts that ‘reinvent the wheel’ from a 

research ethics perspective, and instead further support and enhance the existing and ongoing 
work by the research and practitioner communities. 
 
The main evaluation approach referenced is te Brömmelstroet’s (2012) framework for PSS 
performance. It is the most comprehensive framework available for assessing the performance of 
strategic PSS. Subsequent PSS evaluation studies have been largely premised on aspects of his 
work (e.g. Pelzer 2016). In turn, much of te Brömmelstroet’s work itself draws on one of the main 
and recent studies that has shaped the PSM evaluation literature (Rouwette et al. 2009). Using 
Rouwette et al.’s work, te Brömmelstroet suggests that the process-based impacts of PSS are 
considered at the level of the individual, using evaluation dimensions of reaction, insight, 
commitment and behaviour. He also proposes that PSS use effects are considered at the group 
level, using the evaluation dimensions of communication, shared language and consensus. He 
then argues that planning practice should supplement Rouwette et al.’s work that focused 
primarily on process-based impacts, and instead also consider effects of PSS use on the content 
that is output from modelling exercises. For this, he draws on work of Dean et al. (2006) in the 
field of information systems, which considers the novelty, workability, relevance and specificity of 
ideas that result from a collaborative decision-making process. 
 
The range of evaluation dimensions proposed by te Brömmelstroet is broad and he offers little 
description or definition of the individual dimensions. Furthermore, as Rouwette et al. (2002) 
highlight, they are each inevitably multi-dimensional and there will be overlap between them. In 
order to adapt te Brömmelstroet’s work for this thesis’ purposes, the overlap between the 
research question of interest (‘what are the impacts of using PSMs in the practice of integrated 
infrastructure planning?’) and eleven evaluation dimensions was explored. Comparison of the 

espoused action of PSMs in meeting the intervention requirements (see Section 6.1: ‘Intervention 
requirements’) and te Brömmelstroet’s framework led to a final selection of six dimensions for 
evaluation. These are summarised in table 16, along with a brief description, the intervention area 
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of impact that they are primarily focused on, and key references for the original work that 
proposed the evaluation dimension. Further details of the relationship of these evaluation 
dimensions to the seven CAS areas for supportive intervention, as well as research decisions 
made in consolidating some of te Brömmelstroet’s evaluation dimensions for suiting the 
assessment of PSM intervention in integration practice specifically, are discussed below.66 
 
Table 16. Six dimensions for evaluating the impact of PSMs in integration practice 

Evaluation 
dimension 

Description and guiding questions Area of 
intervention 

Source references 

Relevance What is impact of the PSM intervention on the 
clarity of the cross-sectoral nature of the 
problem and solutions? 
• How clear are the problem and solution 

structures?  
• Do they capture the cross-sectoral and 

multi-disciplinary aspects and challenges?  
• Do they reveal novel ideas, new 

opportunities or cross-sectoral risks? 

Problem space; 
solution space 

te Brömmelstroet 
(2012) adapted from 
Dean et al. (2006) - 
combining relevance 
and novelty 

Feasibility What is impact of the PSM intervention on the 
likelihood of the integration proposition 
addressing the needs of the problem context? 
• Do it make clear how the solution responds 

to solution? 
• Does it capture practical issues to be 

resolved? 
• Do it highlight implementation risks? 

Linkages of 
problem-solution 

te Brömmelstroet 
(2012) adapted from 
Dean et al. (2006) - 
combining feasibility 
and specificity 

Insight What is impact of the PSM intervention on 
individual’s insight into the problem and solution 
structures? 
• Did the process help individuals understand 

the perspectives of others? 

Pooling space te Brömmelstroet 
(2012) adapted from 
Rouwette et al. 
(2009) 

Communication What is impact of the PSM intervention on 
communication between agents? 
• Did the systems model help provide clarity 

between disciplines about concepts? 
• Did the process affect experiences of 

openness and fairness? 

Inter-actor 
exchanges 

te Brömmelstroet 
(2012) adapted from 
Rouwette et al. 
(2009) 

Consensus What is the impact of the PSM intervention on 
the agreement between participants of the 
objectives pursued? 
• Did it clarify how the integration proposition 

meets the needs of individuals? 
• Did it change the degree to which the 

integration vision is shared? 

Interests; mental 
models 

te Brömmelstroet 
(2012) adapted from 
Rouwette et al. 
(2009) 

Commitment 
 

What is the intervention’s impact on actors’ 
disposition to support the integration 
proposition? 
• Would participants uphold the conclusions of 

the problem structuring? 
• Are participants likely to invest resource in 

supporting integration? 

Ownership te Brömmelstroet 
(2012) adapted from 
Rouwette et al. 
(2009) 

 

                                                        
66 Only two dimensions of te Brömmelstroet’s original framework of eleven were not incorporated into this 
study: first, reaction, which considers changes in enthusiasm and attitudes towards the planning process; 
and second, behaviour, which consider whether daily routines are changed. These were not included as they 
could not be clearly linked to the ways by which they would enhance the performance of infrastructure 
integration practice specifically. 
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Absent from te Brömmelstroet’s work is a theoretical model that clarifies how any impacts on 
outcomes in these evaluation dimensions result from PSS action. The following summaries make 
explicit how these evaluation dimensions link to the CAS model of integrated planning practice 
developed in Chapter 5 (‘Mechanisms’). They also include the rationales for their consideration, 
the types of events or episodes likely to indicate their occurrence in the Empirical domain, and 
thereby the events and episodes anticipated in the data collection and analysis process also. 
 
Relevance 
This captures the impact of the intervention, and especially the visual systems model, on the 
clarity of both the problem and solution structures of an integration project. It involves assessment 
of whether the use of PSMs satisfied two requirements: first, whether or not the systems map 
captured the breadth and depth of the problem context; second, if it helped identify integration 

opportunities by exploring inter-sector relationships with the solution space. In the Empirical 
domain, experiences of positive impacts can include observations that the systems map clarified 
the needs and issues driving a project, the ways by which resource use can be reduced, as well 
as the aspects of the project that are distinctively cross-sectoral. As creative and lateral reflection 
is likely required to achieve these, and Dean et al.’s (2006) original definition of novelty explores 
the demonstration of creative and original thought, te Brömmelstroet’s (2012) evaluation 
dimension of novelty is subsumed into this relevance dimension in order to simplify the approach. 
 
Feasibility 
This captures the degree to which the content of the PSM model developed the clarity of the 
actions required to successfully implement a cross-sectorally integrated infrastructure system. 
This involves clarification of both the ways by which the contents of the solution space respond to 
those within the problem space, as well as considerations of the project’s practical context. It 
involves assessment of whether or not the use of PSMs satisfied the requirement that definition of 
action-outcome links across the problem and solution spaces clarified and enhanced the strategic 
proposition for cross-sectoral integration. In the Empirical domain, experiences of positive 
outcomes would include observations that the development of the systems model enhanced 
participants perceptions of how suited the integrated strategic proposition was for addressing a 
problem context. Similarly, it would have helped them take the practical context for its 
development and implementation sufficiently into account. As those types of reflections are likely 
to involve a combination of high-level, detailed, and practical considerations of the problem and 
solution contexts, te Brömmelstroet’s separately identified evaluation dimensions of workability 
and specificity are subsumed into this feasibility dimension for the purposes of this research. 
 

Insight 
This captures the degree to which the PSM intervention helped individual participants to better 
understand the integration proposition and change their mental models. It involves assessment of 
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whether or not the intervention provided an environment enabling individuals to develop an 
overview of the multi-sectoral and multi-disciplinary capabilities involved. In the Empirical domain, 
outcomes indicative of successful supportive action include observations by participants that the 
intervention helped in providing them with better insight into the relationship of the different 
aspects of the problem context, and helped them better understand the perspectives of others. 
Rouwette et al. (2009) propose that researchers explore to what degree participants feel that the 
PSM-based activities led to better insight compared with the discussions of normal meetings of 
the practitioners involved. 
 
Communication 
This captures the degree to which the PSM intervention improved communication between 
participants. It involves assessment of whether the intervention satisfied the requirement for 

facilitating information exchange between actors. In the Empirical domain, positive outcomes 
would be perceptions by participants that the process was open and fair, prevented specific 
individuals and experts from dominating the conversation, and that the use of causal maps 
provided made communication between participants about problem easier by clarifying any 
language-based misunderstandings. Rouwette et al. (2009) propose that participant reflections on 
the degree to which the intervention resulted in better communication than with normal meetings 
are compared.  
 
Consensus 
This captures the degree to which the PSM intervention helped create a shared vision of the 
strategic cross-sectoral proposition. This agreement concerns overlap about both its purpose and 
its constituent assumptions and knowledge. It involves assessment of whether the intervention 
satisfied the requirement for taking stakeholder objectives into consideration and aligning them, 
as well as their parent mental models, with a collaborative approach. In the Empirical domain, 
positive outcomes would be experienced as observations by participants that the meeting had 
helped them reach a shared understanding of the problem and response, and that mutual 
benefits for the multiple stakeholder groups involved had been identified. Rouwette et al. (2009) 
propose that participants’ reflections on the comparative performance of the intervention with 
normal meetings for reaching agreement between participants is explored. 
 
Commitment 
This captures the degree to which the PSM intervention helped generate buy-in from both 
individuals and the group into proposed integration ideas. It involves assessment of whether or 
not the intervention satisfied the requirement for enhancing agents’ tendencies to take action 

supporting integration. In the Empirical domain, positive outcomes would include expressions by 
participants that they support the ideas developed during the meeting, and that they intend to 
share these with others involved in the project. Rouwette et al. (2009) propose exploring 
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participants’ reflections on how the intervention compared with normal meetings in creating 
commitment to taking action. 
 
Summary 
In adapting te Brömmelstroet’s (2012) framework to align with the proposed theoretical model for 
PSM intervention in cross-sectoral integration, an evaluation approach emerged that explores the 
effects on planning practice in three related but distinguishable areas. These are: first, the area of 
the planning ‘product’, which reflects on changes in the integrated design space; second, the area 
of the individual, which captures process-based changes intra-actor; and third, the area of the 
group, which captures process-based changes that emerge from inter-actor interactions. Figure 
44 presents a visual summary of these three areas of focus of the six dimensions considered in 
the evaluation of PSM intervention impacts in infrastructure integration practice. 

 
Figure 44. Six evaluation dimensions for PSM intervention in integration practice. Three colours (green, 
blue, purple) highlight their three relative areas of focus within the integration practice CAS. Circles denote 
agents (e.g. planners, engineers). Squares denote subsystem entities (e.g. ideas, objectives) 
 

 
 
Evaluation data collection 
Data collection for changes across these evaluation dimensions is complicated by their intangible 
nature. There are no standard approaches for collecting evidence of e.g. the changed quality of 

content of a systems model, or the degree of consensus achieved between participants. This 
research assumes that, in order to explore changes in the Real domain in e.g. actors' mental 
models and tendencies for action, their expression of individual experiences and emotions, self-
reflection, and perceptions of group dynamics can be used as valid and useful evidence from the 
Empirical domain. Though challenging to triangulate evidence submitted through individual 
reflections, participant insight into their experience of the process is a useful and informative 
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contribution to meeting the practice-oriented and pragmatic purposes of this research. The types 
of data collected for the evaluation of the impacts of PSM interventions in infrastructure 
integration practice therefore comprised of: events, experiences, and personal reflections by 
participants and the facilitator. Three methods were used for data collection: participant 
observation during the intervention; semi-structured interviews; and participant feedback via 
email.67 
 
It should be noted that questionnaires are often the preferred data collection instrument for the 
evaluation of collaborative systems modelling outcomes (Goodspeed 2013; Pelzer et al. 2014, 
2016; te Brömmelstroet 2015). Methodologically, however, they are premised on assumptions that 
the validity of findings is determined by their statistical representation - a notion at odds with the 
critical realist philosophy of this thesis. Not all outcomes in the Actual domain will be observed in 

the Empirical domain, and White similarly argues that “any evaluation will capture only a partial 
account of the efficacy of an intervention” (2006:846). Furthermore, a comparative study of the 
findings of questionnaire and interview-based data collection approaches to a group-based 
modelling exercise found no significant differences (Rouwette et al. 2011). Eden (2000) argues 
that interviews often put the results of questionnaires in entirely new light and allow for more 
flexibility in exploring experiences in novel applications. Post-intervention interviews were 
therefore selected as the primary data collection method for the evaluation of PSM interventions. 
 
In order to structure the interviews, the interview guide and questionnaire questions developed 
and tested by Rouwette and his colleague Vennix were used. They were contacted for access to 
their detailed guides as used in their previous studies and gave permission for their use for this 
thesis. Their contents were organised into the evaluation dimensions introduced in table 16, and 
the resulting interview guide is included in Appendix A. Interviewees were provided in advance 
with the most recent version of the causal map output from the workshop that they attended (both 
in fixed image and digital, editable formats), and the majority of interviewees actively referenced 
contents of these maps and their layout during the interviews. 
 
For each intervention, some of the participants independently provided additional feedback and 
reflections, either immediately after the workshop, or following the evaluation interviews. Much of 
this feedback was provided via email. As a result of participant absence, working schedules and 
and workloads, it was not always possible to arrange evaluation interviews with each of the 
workshop’s participants. A summary of data collection for evaluation of the PSM intervention is 
provided in table 17. 
 
  

                                                        
67 See Section 2.4 (‘Data collection’) for details of how these research methods were used for this thesis. 
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Table 17. Data collected for intervention evaluations 

Intervention Workshop 
transcript 

Interviews Interview 
duration 
(mins) 

Interview date Additional email 
feedback 

Future Riyadh Yes 3/4 participants 10 14 Jun 2016 No 
   15 09 May 2014 Yes 
   5 10 Jan 2013 No 
BAF Yes 3/6 participants 45 19 Aug 2016 Yes 
   30 25 Aug 2016 No 
   15 22 Aug 2016 Yes 
KLIFD 1 Yes 2/2 participants 20 22 Aug 2016 No 
   5 24 Jun 2016 Yes 
KLIFD 2 Yes 3/6 participants 45 22 Aug 2016 Yes 
   20 22 Aug 2016 Yes 
   35 24 Aug 2016 Yes 
 
 
 

7.2 Experience: PSM use outcomes 
 
This section presents some of the outcomes as observed and experienced by the participants 
and facilitators for each evaluation dimension in the four interventions introduced in Section 6.2 
(‘PSM interventions in integration practice’). It includes reflections on the ways that different 
contextual conditions influenced the outcomes of PSM use as planning support in integration 
practice. Where possible, the projects from which any evidence is used through e.g. quotes, 
facilitator reflections or visual materials, are identified. Where the projects are not specified, this 
was a result of requests for anonymity or commercial sensitivity. Where an argument is illustrated 
with multiple evidence segments from the same project intervention, these are extracts of different 
evidence sources (e.g. different individuals) within that intervention. 
 
Relevance 
The evaluation evidence collected indicates that PSM interventions have a positive impact on the 
relevance of ideas developed during the integration process. Participants reflected that the 
diagrams both “captured the project” and “reflected the range of issues that we were trying to deal 
with” (feedback from the Future Riyadh68 and BAF projects respectively). Especially useful for 
validating this type of feedback, however, were the actions and events that followed the 

interventions. 
 

                                                        
68 In order to make the analysis easier to read, from this point forward in this thesis, a shorthand notation will 
be used to reference the four interventions. The following labels are used: Future Riyadh for the ‘Future 
Riyadh strategic framework validation’ intervention; BAF for the ‘Budget Adjustment Framework risk factors’ 
intervention; KLIFD1 for the ‘KLIFD aspirations validation’ intervention; and KLIFD2 for the ‘KLIFD smart 
services alignment’. 
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Following each intervention, some of the ideas discussed and captured in the systems maps were 
used by at least one of the workshop’s participants to support their work following the workshop. 
For example, on Future Riyadh, the project leader used the discussion of the relative significance 
of the four key issues and their relationships to amend the presentation of the emerging strategic 
framework’s structure. On BAF, two of the team members used the systems map to structure a 
prioritised action plan for enhancing the expected utilisation of the cross-sectoral investment 
model that they had developed. On KLIFD1, the system map’s three-tiered goals-principles-action 
structure was used to explain a new proposition to the client team for an alternative, sequenced 
approach to developing the cross-sectoral UOS platform. On KLIFD2, issues identified during the 
workshop regarding the imbalanced distribution of risk between different project team and critical 
technical knowledge gaps were used to initiate a series of follow-up meetings to further explore 
these with project partners. 

 
Three of the interventions explored integration-specific problem aspects and opportunities that 
had not previously been considered by the teams. For example a discussion about the challenges 
faced on KLIFD1 in coordinating multiple sector-based contracts for managing the different 
sectors’ data infrastructure prompted a proposition for a new institutional structure that would 
have formal responsibilities for integrating the information streams from different sectors. Their 
mission would include identification of opportunities for added value by the cross-sectoral 
integration of information streams on an ongoing basis to support the development’s brand as a 
global leader in smart technology (see figure 45). On BAF, the discussion of challenges faced in 
enhancing the usability of the model’s user interface resulted in a proposition for a series of 
additional workshops to demonstrate the value of a cross-sectoral approach and need for new 
ways of working across institutions (see figure 46). 
 
Figure 45. Extract of the KLIFD1 causal map with identified opportunity to establish a cross-sectoral body 
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Figure 46. Extract of the BAF causal map with the identified opportunity to organise additional workshops to 
disseminate the non-technical value proposition for use of a cross-sectoral approach to infrastructure 
development 

 
 
Importantly, participants specifically attributed the relevance of ideas developed during the 
workshops to PSM features. All interviewees highlighted the active role that the systems model 
played in clarifying issues and conflicts, and identifying opportunities. They emphasised the value 
of an approach that explored the nature of the problems that they were working on that did not 
begin with focus on a particular disciplinary dimension, but which instead used different types of 
issues to structure the conversation (i.e. conversations explored aspirations, goal, issues, risks, 
and uncertainties). They observed that this helped differentiate between issues of greater and 
lesser relevance for the future development of integration projects. Especially highlighted as a key 
PSM feature that supported the clarification of ideas was the intrinsic relational approach to 
information presentation and processing used for constructing the causal maps. 

The visual object helps you think of implications and structure of the conversation. It's like 
having another person in the room. (KLIFD2) 
It was a more rigorous way of doing things … It was good to focus on the root cause of 
things. Like, can you find the dependency that leads to the top? … Then we could hone in on 
… key issues and links and take that to [other project partners] to explain that this is why we 
are looking at these issues. (Future Riyadh)  
The relationships are a key part. One of the issues that we've had [before the PSM 
intervention] is that there is a lot going on and it's quite hard to see how it all fits together. So 
on something that is quite complicated, the links help a lot more than having a set of bullet 
notes and notes - which is what we would typically have produced. (BAF) 
The system map was particularly important as it allowed each member of the team to have a 
comprehensive overview of the project. It pushed everybody to think about relationships 
between elements, rather than just the elements themselves. (KLIFD2) 

 
One notable feature was that throughout much of the discussions and contributions to the maps, 
the cross-sectoral nature of the projects and their implications for resource use did not feature 
explicitly. None of the interventions explored issues introduced by physical dependencies and 
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resource exchange between sectors in any considerable detail. With exception of the KLIFD1 
causal map, infrastructure sectors were not explored with individual detail. Few links within the 
system diagrams themselves explicitly represented an inter-sectoral relationship. Three of the 
four interventions did, however, explicitly highlight challenges, issues and opportunities that 
required clarification of the value proposition for cross-sectoral integration. Two examples are 
included in figure 47. Participants observed that this lack of overtly cross-sectoral themes was a 
consequence of the PSM-led approach that encouraged a conversation that focused on issues 
beyond sectoral or disciplinary silos. While these are essential to the relevance of activities 
following the workshop to the overall effective integration of infrastructure, they cannot be 
abstracted easily from the maps or workshop dialogue.  

The conversation happened at a level already above silos - where the focus is on issues. 
(Future Riyadh) 
I’m not sure if we thought about it in terms of different silos. I suppose there was an aspect of 
different skill sets, like some is about the data part, some parts are about model 
management, others about communication. It’s about different types of information rather 
than maybe what you would typically think about in terms of infrastructure, which is technical 
information being brought together. (BAF) 
I don't think it really brought together different disciplines or sectors. It wasn't a design where 
we have water and roads and other sectors. I didn’t feel like we were bringing cross-sectoral 
info together. The purpose was different. It wasn’t about detailed technical design, it was 
about bigger project management. (KLIFD2) 
Is the map and our conversation reflective of the multi-disciplinary? Yes, I'd say so. There 
were some technical aspects, some management aspects. This isn't [about] trying to figure 
out just one aspect of a system. It was a much more holistic perspective, with many different 
disciplines. (KLIFD2) 

 
Figure 47. Extract of intervention causal maps showing highlighting of cross-sectoral value questioning, with 
BAF (left) and KLIFD2 (right) 
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Feasibility 
The interventions explored a range of issues shaping the specificity and workability of cross-
sectoral integration efforts. Two participants shared their positive perceptions of the contributions 
that the workshops made to enhancing the feasibility of ideas, which were corroborated by their 
subsequent decisions and actions: 

I think it is a good diagram that captures what we are trying to achieve well. I’ve forwarded it 
to others so that they can see the relationships between the goals and the principles and the 
actions - which I really like. (KLIFD1) 
The mapping absolutely helped the team identify and accept the things that were the biggest 
challenges … and tackle those. Rather than say “everything is going wrong - where do we 
even start?”, the workshop helped us think through them and produce an action plan for how 
to deal with them. (KLIFD2) 

 
Figures 48, 49 and 50 provide illustrative examples of supportive ideas and actions highlighted 

through the interventions’ exploration of issues impacting on the feasibility of cross-sectorally 
integrated system designs.  
 
Figure 48. BAF feasibility improvement with idea for stakeholder mapping exercise to identify areas for 
aligning with the client’s perspectives 
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Figure 49. KLIFD1 feasibility improvement with idea for doing a scenario analysis of the implications of 
uncertainties introduced by concerns about UOS technology maturity  

 
 
Figure 50. KLIFD2 feasibility improvement with idea for exploring approach to coordinate procurement 
contracts 

 
 
Participants attributed the interventions’ impacts on the feasibility of project ideas to the action of 
two particular features of the PSMs used. The first comprised the use of causal linking of 
concepts and outcomes, which encouraged participants to think through implications and the 
relationships of the problem context and proposed solutions. The second was the explicit 
identification of areas of risk and uncertainty, as well as areas requiring action (with exception of 
the Future Riyadh causal mapping). Participants highlighted the use of visual differentiation, and 
the use of colour in particular, as helpful in focusing attention to the types of actions to be taken 
following the workshops.  

What I found helpful was the use of the [colour-]coding of issues. It’s difficult to solve complex 
problems with just one concept … and so what worked was that we could balance a lot of 
detail, but on the other side use the colours to reach the right level of simplicity [for identifying 
key issues]. (KLIFD2) 
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Previously we got lost in the complexity. But this workshop spelt out certain things like risks, 
concerns, what work needed to be done … The colour-coding was good. It really helped us 
move through [the conversation] and prioritise things in the aftermath. (BAF) 
 
 

Insight 
Several participants expressed that they intervention had helped their insights into, and 
understanding of, the project’s work, as well as shaped their way of thinking. 

It helped my insight to the project…Compared to a normal meeting, it was clearer to me what 
things were and how they linked. (KLIFD2) 
It does help my insight into the issues. The map perhaps less so during the meeting, but even 
now [a few weeks later], I’m finding it really helpful to look at it. (KLIFD2) 
It has challenged my apparently rigid way of thinking that until things are captured as 
structured bullets, rather than in mindmaps like this, we haven’t cracked the problem! 
(KLIFD2) 

 
Two specific key PSM features were attributed causality for enhancing insight in comparison to 
approaches without PSM use. First, participants reflected on the different way that multiple types 
of knowledge were coordinated and made tangible to the group. One interviewee highlighted the 
role of the evolving visual systems model in supporting a more holistic and comprehensive 
exploration of the technical and social dimensions shaping the KLIFD2 project. 

My experience of the problem [before the workshop] was very much on the technical side. But 
seeing the map reveal the social aspects of the relationships with the client, that helped me. 
Usually that [information] is hidden in documents; it’s hard to capture. But this way we 
captured it as pragmatic issues, like people’s fears and our ability to engage the client. 
Usually we only try and show the functional relationships between pieces of the project, you 
know, the technical ones. And this was all of it. 

 
The second PSM feature highlighted as supportive of enhancing individual insight was the 
model’s action in making clear differences between participants’ world views and their 
relationships.  

It was interesting that you could see that we had different schools of thought about what was 
happening in Riyadh. (Future Riyadh) 
Yes, I think this got closer alignment of our thoughts. It’s quite normal I think that we walk 
away from meetings with different views of what was discussed. Now [I] had a diagram to 
have clarity of what we were actually discussing. (KLIFD1) 

 
Crucially, however, not all participants found the systems map as helpful in enhancing their 
insight. Two participants, both with  technical engineering backgrounds and in the 45-70 age 
cohort, observed that they struggled to make use of the diagrams. 
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When  I looked at it I was a bit like “Panic!”. I get a bit lost in things like this. I would have to 
sit down and understand all the details … because [to me] it's not immediately apparent how 
to find your way in. (KLIFD2) 
I’m not sure that I find diagrams like this helpful. They are great for certain people and not so 
great for others. It depends on how your mind works. I suspect that younger people feel 
differently about these diagrams. I think that our brains become wired in a certain way, and 
thinking in a different way becomes a hurdle. People who spend their careers thinking in one 
way will find it harder to switch. So age is one dimension, yes, and our [disciplinary] 
backgrounds another. (KLIFD1) 

 
Similarly, the participants who expressed that they had found the systems diagram helpful in 
enhancing insight raised professional backgrounds and experiences as possible factors 
influencing their utility. 

I think it worked well because many of us have architecture backgrounds and we’re used to 
thinking with pen and paper and trying to make sense of things by sketching them out. 
(KLFID2) 
If we had done this exercise with more technical experts, we would have seen a much more 
siloed version. We planners are generalists and try to see everything on the project, rather 
than one aspect. When our [technical partners] talk about specific issues between security 
and energy, that cross-disciplinary conversation works more neatly. In doing the workshop 
with planners, [we] got a very messy output. It’s because of how we think. (KLFID2) 

 
When exploring whether a change in conditions by enabling participants to directly map 
contributions themselves to the model (as was the case in Future Riyadh), would have positively 
impacted the role of the systems map in developing the insight, the responses were mixed. 

Maybe it would have been different if I’d been made to hold the pen. Maybe I could have 
made it connect with my mind more. (KLIFD1) 
Having [the facilitator] was important because it made us focus places where we normally 
wouldn’t. When I looked at the [causal] map on my own afterwards, I saw different things. I 
was glad to have both [experiences]. (KLIFD2) 
 

Communication 
Several participants reflected that they felt free to express their views during the workshops. None 
of those involved on BAF, KLIFD1 and KLIFD2 indicated that they would have preferred an 
anonymous approach (as provided through the Group Explorer consoles on Future Riyadh). 
Several interviewees suggested that the engagement of the systems map was useful for creating 
an open environment, though not always an essential aspect driving the dialogue between 
participants. 

The most interesting thing to me about the session was to have an open platform to talk 
about the issues and know that you can freely discuss it and freely agree on things. That was 
more useful than the mapping itself. Partly because I’ve got terrible eyesight! (KLIFD2) 
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It was nice that the conversation was able to flow and that [the mapping] was done in the 
background. It wasn't that our main focus was that we had to rigidly define these tasks and 
risks. It was more that we were discussing the issues and then the map emerged from that. 
(BAF) 
In our normal person-to-person conversations, I think self-censorship happens. Because you 
don’t want to say the wrong thing … There is a value having this object that is like a third 
party. Everyone looks at the screen rather than each other. That made the conversation 
easier. I think it elicits more information than in a normal meeting. And you may not need what 
comes out of the map itself, but the communication mattered. (KLIFD2) 

 
As highlighted previously, several interviewees noted that the use of non-discipline-specific 
terminology, such as goals, issues, and risks was helpful in enhancing the impacts of the meeting. 
In terms of enhancing the communication on these integration projects beyond the workshops, 
two practitioners highlighted the impact that the workshop resolving some of the language-based 
issues on the KLIFD project. 

To me, the most helpful thing about the mapping is that [before the workshop], we were using 
these fluffy descriptions for certain issues. We talked in the round a lot and different people 
had different terms with different meanings. But on that day, we refined it with one word, one 
phrase, like 'technical skills gap’. Everyone understood it, and we could go away and try to 
understand how to resolve that issue. It wasn't that the team didn't know what the issues were 
[before], but it was that we needed to collectively agree that “this is it” and we're going to 
move forward using this phrase to highlight it to other team members. In emails after the 
[PSM] meeting, I saw that terminology used. (KLIFD2) 
A lot of the things that were raised in that meeting were addressed. The ambiguity that was 
there before is gone. (KLIFD2) 

 
With regards to the conditions of PSM use that were supportive of relative communication 
benefits over regular meetings, some participants argued in favour of having an external facilitator 
involved. Their presence both enabled achievement of the benefits of systems mapping without 
restricting the participation of project team members, as well as encouraged a more neutral and 
reflective environment.  

It was useful to have someone external. It’s hard to focus on getting stuff down on paper and 
contributing to the conversation. If it was someone involved in the project, then I think they 
couldn't contribute. (KLIFD2) 
Having an external person was helpful because [they] could write down what [they] want and 
no one would feel they could criticise them for not having an in-depth understanding of the 
project. Whereas if people on the project put thing down wrongly that others had been 
working on for months, then people would react less [forgiving]. (BAF) 
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Consensus 
Workshop experiences provide supportive evidence for the claim that PSM intervention can 
increase the degree of overlap between the understanding of practitioners regarding both the 
purpose and structure of the integrated design space. 

The main benefit for me was to make explicit many things that were understood or referred to 
between all the actors. Before [the workshop], there hadn’t been a moment where all these 
things were made clear to us and how they linked. I felt that happen in the meeting. (KLIFD2) 
As group it was really useful to have that session … Not everyone had been involved in the 
project from the start and so this was a good way for some of them to get more background 
… As a consequence of that conversation, I feel that [team colleague] understands what 
we’ve been working on and what the point of [the project] is. I've heard him reference the 
[workshop] conversation about it. (BAF) 

 
The workshops did not, however, result in a shared understanding of all of the issues contributed 

or actions proposed. Instead, the use of PSMs prompted discussions that explored the underlying 
reasons for conflicting interpretations and opinions. Through their focus on improvement, they 
also typically led to consideration of actions believed capable of resolving major disagreements, 
or aligning the respective mental models of disagreeing actors more closely. For example, on 
Future Riyadh participants were asked to assign relative scores to four issues that reflected which 
ones were more critical in shaping the city’s long-term integrated development. The results of the 
Multi Criteria Decision Analysis (MCDA) showed a lack of consensus on the relative importance 
on any of the four issues (see figure 51). The comparison of the MCDA results with the Future 
Riyadh causal map developed in the same workshop prompted the following discussion between 
two of the participants: 
 

Practitioner A: I think that the management of resource consumption is without doubt the least 
critical of these. 

Practitioner B: Really? I think it’s the most critical! It drives everything really, the economy, 
whether people can afford access, … why do you think we shouldn’t focus on it 
as much? 

Practitioner A: Well, I think that what we’re really looking at is what we can clearly influence. 
And we’ve got a much better chance of influencing physical access and 
economic development through the city’s [spatial development investment]. So 
I don’t think we should focus on it as much. We need to tell the story differently. 

Practitioner B: That’s interesting. I hadn’t though of this as being about control yet. I see your 
point. Maybe we should talk about that more. 
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Figure 51. MCDA results projected onto screen during Future Riyadh workshop showing the relative 
importance assigned to four key issues affecting the structure of the strategic development framework. Red 
circles are the scores given to individual issues by the workshop’s four participants. The yellow bars indicate 
the relative range of disagreement between these scores 

 
 
A key feature of PSMs is that they provide both a visual reference point and collaborative and 
supportive environment for the resolution of misunderstanding. This role of the causal map was 
referenced by one of the interviewees. 

If you see something written down, it means you can question it. … Sometimes 
misunderstandings get brushed under the carpet and they stay there. And then people don't 
lose face over it. But this way, we had issues there for everyone to see [on a map]. No one 
looked stupid, because others are probably questioning the same thing. (BAF) 

 

Commitment 
The main evidence gathered that indicates that the interventions changed actor tendencies for 
responsibility and buy-in into the integration process were their expressed intentions, and 
subsequent actions, that used the ideas discussion to engage others following the workshop. 

Can you share that tonight? I would like to use it to share with [project partners]. (KLIFD2) 
Everyone has a slightly clearer picture. And these things need to happen. And the right 
people need to do these things. People taking ownership, taking their role has been slightly 
better. (BAF) 
I think it enabled us to do better work. We understand how a conclusion has been derived at, 
and we’re invested in it now, aren’t we? I think that having that discussion [about multi-
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disciplinary issues] and having the whole team involved it’s great. It made [me] feel trusted 
and valued. (Future Riyadh) 

 
In terms of the PSM factors that supported the generation of experiences of increased trust and 
confidence in the validity of the problem structuring process, the visibility of a live, evolving 
reference point was identified as instrumental. 

What made it feel that it was really a reflection of the project was to see it being created there 
and then. it wasn't something done after we had a conversation. Seeing it created in front of 
you made it feel like the things that matter. (BAF)  

 
A critical limitation to testing the claim that PSM-based approaches achieve greater commitment 
to integration propositions than the more common meeting approaches used by planning 
practitioners is the lack of involvement of a wider and more diverse range of participants in the 
intervention. Several PSM authors advocate the involvement of all relevant stakeholders in the 
workshop dialogues when seeking to generate changes in the buy-in of all stakeholder groups 
(Checkland and Holwell 1998; Taket and White 2000). In the cross-sectoral integration of 
infrastructure, especially in the context of cost-pressured environments, such open and extensive 
approaches to workshop inclusion are highly unusual. Champion and Stowell (2003) argue that 
as it is often not practically feasible to include all actors to be engaged into the PSM workshops, 
the practitioner’s challenge is deciding who should be included. Several participants 
recommended that future efforts in testing the use of PSMs for infrastructure integration should 
directly engage the technical engineers that the planning teams had to coordinate with. 

I don’t think the engineers would buy into it: the map being a summary of issues. I think it 
would either only work if you changed it into a highly polished output, or if we included them in 
the meeting. But then I’m not sure this process would work with engineers in the same way 
and get them to buy into it. (KLIFD2) 

 
Conclusion 
This section provided an overview of outcomes across six evaluation dimensions as observed 
and experienced when using PSMs to enhance infrastructure integration practice on four planning 
projects. It provided evidence that the impacts of PSMs on the integration process are supportive 
of the espoused outcomes, though further validation with additional experiences and events is 
needed to improve the robustness of these conclusions. The remaining sections in this chapter 
reflect on the lessons learnt about not only the use of PSMs, but also the evaluation process 
itself. It also provides overarching reflections on the conclusions to be drawn regarding the impact 
of PSMs on the effectiveness and efficiency of integration practice. 
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7.3 Improvement: insights for practice 
 
In addition to an understanding of what worked, or did not work, in effecting intended outcomes 
with the use of PSMs in different cross-sectoral integration contexts, the evaluation process can 
generate lessons about the ways that these impacts can be enhanced in future. Provided that the 
significance of contextual conditions is sufficiently taken into account, this process can also 
provide methodological lessons for the use of PSMs more generally. Yearworth and White (2014) 
highlight such reflection upon an intervention’s implications for methodological development as a 
key activity within the use of any PSM both in practice.  
 
As the performance of PSM interventions into a complex integrated planning practice system 
cannot be controlled, practitioners must instead adjust the contextual conditions of practice in 
order to support the activation of the integration mechanisms in the Real domain and support the 
bottom-up emergence of intended outcomes. 
 
This section presents an overview of suggested improvements to the use of PSMs in integration 
practice. They range from proposed changes to the process of their use, to their use of 
presentation techniques, to the types of analysis that they attempt. They were derived from the 
evaluation of the experiences of the four workshops, which included participant feedback on the 
functionalities and adjustments that they would have found beneficial. 
 
Use: earlier 
None of the workshops were undertaken during early project stages. Each of the case 
intervention projects was considerably beyond its initial scoping phases and into the analysis, 

detailed design or even delivery phases. There was, however, still evidence of valued impact by 
participants of the use of PSMs on the relevance of their ideas and insight.  
 
It is proposed that PSMs are additionally used earlier during the project lifecycle, so as to also 
support the initial scoping and development project phases. It is believed that similar types of 
outcomes would be achieved, but that in advance of project decisions about analytical 
approaches such as quantitative and spatial modelling and the detailed design of infrastructure 
options, there would be significant value in using PSMs to develop the relevance and feasibility of 
ideas. It would also enhance practitioner insight and consensus about the content of the problem 
space within the Real domain, which could enhance project effectiveness and efficiency (see 
Section 8.2: ‘PSMs for integration: compatibility and strengths’). As one participant on KLIFD1 
explained, “you have to get the basics right [on complex integration projects]. 80% of the thinking 
has to be done in the first 20% of the project”.  Others similarly observed: 



7. Evaluation 

213 

I wouldn’t change the conversation itself, that was really useful. I just would have had it 
sooner, to understand what we were doing. (BAF) 
I thought it would be useful at an earlier stage than we were at, because obviously we had 
already decided. So I suppose there was some danger that we were rationalising what we 
had already decided. I think at an earlier stage of the project, when you are at that outset, and 
you can get in as many people in as possible, kind of collate any ideas and just chuck them 
all into the big pot and go through that exercise. I think that would have been more useful. 
(Future Riyadh) 
 
 

Use: revisited 
Each of the workshop interventions was of relatively short duration (1-3 hours). There was not 
sufficient time to explore all of the issues and relationships contributed, or ensure that these were 
understood by all participants. The evaluation process revealed, however, that participants 
perceived the role and impact of the mapping and discussion as an ongoing process that 

extended beyond the workshop. Several participants made use of the systems maps in the 
periods that followed the workshops, either as checklists to “see I’m not forgetting about important 
issues”, or to using to structure project outputs, or in other ways supporting project activities. Even 
where the relevance of the causal map content had lessened as some of the issues highlighted 
during the workshop had been resolved, one of the KLIFD2 participants noted that “it’s still useful 
to see it today and see that big picture, even if things have changed”. 
 
It is proposed that the impact of PSMs in integration can be enhanced by repeated revisiting of 
the produced systems diagrams by planning practitioners over time. From a CAS perspective, the 
maps provide tangible access to the knowledge recorded within the integrated design space. 
They provide a reference point that can be engaged by actors at different moments in time. Six 
interviewees noted that they would have found group-based revisiting of the output diagrams 
useful.  
 
The use of PSMs as an intervention is argued to be an iterative process (Yearworth and White 
2014). The use and role of PSM diagrams during the period following the intervention workshops 
is rarely discussed, however, in the literature. Revisiting workshop outputs is similar to what 
Morton et al. (2006) call “distributed” interaction within a PSM process. The slight difference with 
their concept is that in the case of revisiting the systems maps throughout the integration process, 
the purpose and focus are less on iterative exchange for the production of a ‘final’ systems map, 
and more on fluid exploration of a range of issues with relevance to different practitioners, working 
on an integration project at different times. Where appropriate for the purpose of a meeting, 
historic versions of the systems maps can be used to either reflect on progress, or provide a 

starting point for discussion about e.g. a specific risk previously identified. This was echoed by 
one of the BAF participants who suggested that the infrastructure planning team “use these every 



7. Evaluation 

214 

three months or so and see how the maps change and compare. That would be helpful in seeing 
if we’re really progressing.” 
 
Presentation: legibility 
Closely related to the suggested improvement for the revisited use of the PSM systems maps, 
participants provided detailed feedback on possible adjustments to make to their legibility and 
presentation. Many of these reflections focused on visual changes that they believed would 
enhance the maps’ potential to support further insight development after a workshop. Others 
reflected on visual changes that would have aided their use of the maps during the workshop. In 
the case of the two individuals who had expressed difficulties in using the maps because their 
‘brains are wired differently’, both suggested that visual adaptations be made to help them “read 
through the map” in their own time. 

 
In terms of the specific improvements proposed, several suggested the additional use of colours 
to further develop a visual typology of goals, risks, objectives, etc., which they found very helpful. 
The use of different font sizes was also proposed to highlight key messages and provide ‘entry 
points’ for reading the maps. Two participants suggested to add functionalities to the digital 
version of the map that would allow layering of information in order to curate the content for the 
group to focus on, e.g. remove risks when discussing goals, but make them visible again when 
exploring actions. Others suggested to increase the level of post-workshop ‘tidying’ and change 
the layout of the maps to help practitioners read their content along vertical and horizontal axes. 

Maybe there's something to do with colour coding arrows. They can provide a sequence to 
follow. That would provide a way in. The current colour-coding already helps in trying to 
prioritise what you want to look at. (KLIFD2) 
I want different sizes, different kind of visual mechanisms to bring out what is really critical. 
Then when you walk away from the meeting, and you receive a summary version, you know 
what key things are from that meeting focus on in the coming weeks. (KLIFD2) 
I think maybe a horizontal structure to read, with then vertical themes in terms of the area. I 
can see that there is some irony in re-introducing silos, but I think it would be helpful. 
(KLIFD2) 
 
 

Insights: actors 
The use of PSMs for supporting the integration process would benefit from making the social 
dimensions of the challenges faced even more visible. The PSM systems maps can be used to 
develop practitioner insights into the ways that different objectives and world views influence and 
affect the integrated proposition. Specific improvement could comprise visually distinguishing 
which goals, issues, or risks are driven or affected by specific sectors or stakeholder groups. This 
would not only make the cross-sectoral aspect much more apparent, but it would also enable a 
more focused exploration of inter-sector interfaces and the challenges and opportunities that arise 
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there. One participant suggested an alternative use of this proposal for incorporating information 
on actors, by suggesting this approach is used to identify key risks to the project. Different 
stakeholder groups, either internally to the project team or more widely, would be asked to 
indicate where they perceive the most significant risk in terms of issues captured on a PSM 
systems map. Analysis could then visually highlight where there is a lack of overlap, drawing 
attention to a need for coordination and action to address this mismatch. This use of PSM maps 
could also be helpful for the education of project partners about the challenges and opportunities 
introduced by cross-sectoral approaches to infrastructure development.  
 
Insights: trade-offs 
A final suggested improvement would be to use the arrows on the maps to explore the positive 
and negative relationships of influence affecting the value proposition for integration. As an 

interviewee explained: “it would be great to use these maps to explore trade-offs. Only when we 
see them will get the need to prioritise.” These trade-offs can be captured by ensuring that all 
relationships are assigned a reinforcing or opposing action attribute. Analysis can then identify 
where there are reinforcing or counteracting feedback loops in the goal or issue system. This 
would be a significant improvement of the use of PSMs for developing insight into the problem 
and solution spaces for infrastructure integration. 
 
 

7.4 Accountability: effectiveness and efficiency 
 
From a consideration of the types of outcomes observed in practice (Section 7.2: ‘Experience’), 
some conclusions can be drawn about the impact of PSMs in enhancing the performance of the 

integration process. This involves consideration of their impact on both the effectiveness and 
efficiency of the planning process. These two aspects were previously highlighted as two of the 
ways that this thesis considers the performance of planning practice (Section 4.3: ‘Effectiveness, 
efficiency & distinctiveness’). The former explores the degree to which an approach meets the 
needs of practice; the latter describes the relative balance achieved of benefits yielded by PSM 
use to the costs incurred (Midgley et al. 2013). 
 
As a starting point, however, the efficacy of PSM interventions (i.e. whether they worked in the 
ways that they were claimed to satisfy the requirements of practice) is first briefly reviewed 
(Midgley et al. 2013). Descriptions in this chapter so far have provided illustrative evidence linking 
observations of the action of specific PSM features with observed impacts across each of the six 
outcome dimensions. What is not yet apparent from these descriptions, is the extent of the 
evidence base that has been used in supporting these illustrations, nor to what extent outcomes 
were corroborated with experiences from multiple projects. Table 18 provides a summary of the 
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number of unique coded data segments that provided evidence for each of the evaluation 
outcome dimensions across the four projects. It should be noted that as Real domain 
mechanisms are corroborated by Empirical domain evidence as opposed to validated beyond 
dispute, that they remain candidate mechanisms. The evidence base is therefore supportive of 
claims of the efficacy of PSM interventions in integration practice, but remains open to further 
research action that explores and contests it. Table 18 highlights that the lowest volume of 
Empirical domain evidence collected was efficacy claims in impacting on commitment through 
their collaborative approach. Further research is required to explore whether the broader inclusion 
of external infrastructure actors would have yielded more evidence for this. 
 
Table 18. Number of coded data segments for each of the outcome dimensions across the four intervention 
case projects 

Evaluation 
dimension 

Future Riyadh BAF KLIFD1 KLIFD2 

Relevance 3 11 1 9 

Feasibility 2 13 4 5 

Insight 4 7 4 10 

Communication 6 4 0 6 

Consensus 4 5 1 8 

Commitment 2 5 2 6 
 
Effectiveness 
A challenge in considering the effectiveness of PSM interventions is that even though it is useful 
to have evidence of their impact on the defined outcome dimensions of insight, consensus, 
commitment, etc, it is their eventual impact on the consequences of these outcomes that captures 
the needs of practice, e.g. if it enhanced the relevance of resource use issues within the wider 
project context, or if it led to the better coordination of information and capabilities of actors from 
different sectors and disciplines. As some of the presented evidence illustrated that PSM use 
resulted in the resolution of inter-team conflicts (e.g. KLIFD1) and lack of ownership of critical 
aspects of the integrated design (e.g. KLIFD2), it is claimed that there is evidence that PSMs met 
some of the needs of integration practice in the case projects. 
 
A second challenge in assessing the impact of PSMs on the effectiveness of practice is that 
impacts vary over contexts and time, and there is no standard measure to compare these 
changes. The relative impact on effectiveness as compared to regular meetings was therefore 

considered. For each evaluation dimension, participants provided feedback that highlighted some 
of the PSM features of structured dialogue, systems maps, focus on relationships, 
acknowledgement of world views, etc. leading to better outcomes than regular meetings. As one 
BAF participant observed: 
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We’re always like: “lets integrate better and have a workshop”. But then we usually don’t have 
the tools to bring people and their work together across sectors. This approach worked in 
several ways. 

As discussed previously, even though the majority of feedback on the impacts of PSMs on the 
effectiveness of practice at the group-level was positive, experiences at the individual level were 
mixed. For example, the PSM maps did not help in enhancing the insight of all participants, even 
if those individuals found the wider conversation helpful. It is therefore important to distinguish the 
level, or boundary, at which effectiveness is considered and claimed.  
 
Evidence of effectiveness at the individual, group and project levels also does not mean that the 
use of PSMs alone is sufficient as support for planning practice, or the only intervention option 
that should be considered. PSMs are unlikely to be capable of meeting all of the needs of an 
integration project with regards to enhanced insight, objectives alignment, actor commitment, etc. 

Other decision support approaches such as modelling, facilitated dialogue that does not use 
systems maps, and traditional meeting formats may perform better in other contexts, such as 
client meetings or public engagement exercises. 
 
In summary, the impact assessment of PSM use on practice’s effectiveness is context specific. It 
is concluded here that in the specific contexts of cost and time-pressured environments, 
technorational working cultures, where the intent is to explore a comprehensive picture of issues 
across sector to develop a cross-sectoral proposition that meets the needs of a development, 
PSM use not only impacts on but also enhances the effectiveness of integration practice. 
 
Efficiency 
Efficiency impacts explore the relative benefit to cost (Midgley et al. 2013). In the context of 
planning practice, where that cost is often time-based, it can either consider the total practitioner 
time used, or the net duration of a process as a period between two dates. In comparison with 
more normal meetings, PSMs are premised upon an arguably more purposeful, systematic 
approach to impacts across three areas (product, individual, and group). Though more normal 
meeting activities can be capable of enhancing impacts across these areas, they often do not 
manage to do so in the simultaneous, time-efficient manner of PSMs. A PSM’s ability to use 
similar volumes of resource in a meeting, yet offer an increased average likely improved outcome, 
is a key driver for their contributions to the efficient performance of integration projects. 
 
Multiple interviewees supported this observation and believed that the PSM intervention had 
resulted in faster insight during the meetings. They also suggested that the use of PSMs had 

effected efficiency improvements beyond the meetings themselves by, for example, resolving 
confusions about project terminology on KLIFD2 avoiding later misunderstandings and wasted 
project time. Others also highlighted the positive impacts in enhancing the efficiency of the 
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planning process during the post-workshop period when compared to the more normal means of 
sharing insight and creating consensus. 

The fact that it's a diagram makes a difference in terms of time [for developing insight]. I 
mean, how many people really go and look at meeting minutes? Usually everyone just has a 
quick skim and that’s it. But after five minutes of looking at this map, you can understand a 
situation so much better than that. (BAF) 

There is, however, no comparative data of either the time or planning resource costs incurred. 
This data would have been helpful in triangulation, and is highlighted as an area for further work 
in the following section. 
 
Evaluation: further work 
Assessment of impacts of PSMs on the outcomes and performance of integration practice has 
prompted a number of observations on the adequacy and quality of the evaluation evidence base 

used to corroborate postulated PSM action with experiences and observations. This section 
reflects on some of the limitations of the evaluation approach as experienced in its 
implementation. It presents some ideas for how both the approach to evaluation and data 
collection could be improved. 
 
Evaluation improvements: dimensions and data 
The evaluation framework of six dimensions was easy to use for data collection, coding and 
analysis. The main challenge encountered arose from the overlap between some of the outcome 
dimensions. For example, where a participant shared an experience of observing changes in the 
relevance and feasibility of ideas discussed, it was often also linked to changes in either their 
individual insights, or consensus and commitment in the group. This is not unexpected, as the 
mechanisms driving change across these outcomes are either the same, or interact with each 
other. Rather than amending the dimensions, this practical challenge requires consistent coding 
across the evaluation outcome dimensions. 
 
Additional data from a diversity of sources to explicate events resulting from the use of PSMs in 
integration practice would support more extensive corroboration of the claims and perceptions of 
impact by the facilitators and researchers. This can include, for example, analysis of project 
review documents tracing if and how the language used on these integration projects changed. 
Similarly it could explore the evolution of cross-sectoral ideas as developed by the team and 
presented to the client. As the selection of informants influences the quality of evaluative data 
(White 2006), the evidence base would be enhanced  from the inclusion of those participants not 
yet interviewed, as well as from additional interventions. It is also suggested that future evaluation 
exercises supplement the individual interviews with group-based reflections. This would enable 

validation of individual feedback by exploring whether or not participants uphold their claims of 
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experienced impacts when subject to review and comment by their peers. Table 19 summarises 
some of the improvements to the types of data collected for evaluation of impacts on the outcome 
dimensions in order to support further insight into what worked in PSM intervention in integration 
practice, why, and how it could be improved. 
 
Table 19. Suggested developments for the evaluation of PSM interventions in integration practice 

Evaluation dimension Suggested improvements in data to be collected 
Relevance Further collection of evidence testing the ways that the systems maps 

function as reference points and knowledge repositories 
Feasibility Further collection of evidence of the evolution of specificity and workability of 

cross-sectoral ideas for infrastructure systems integration 
Insight Additional longitudinal evidence capturing the mindset and mental model 

changes of individuals beyond the workshop in order to explore impacts on 
changing a way of thinking beyond insight into a particular project context 

Communication Collection of evidence that explores the role of the systems map in 
supporting communication with those who did not participate in its group-
based construction; additional dialogue-based analysis of the transcripts of 
workshop to validate observation that the workshops resulted in better 
communication between participants 

Consensus Collection of evidence exploring the utility of the systems maps in achieving 
shared understanding with technical infrastructure engineers; specifically 
testing the proposition that their systems-based nature is compatible with the 
technorational practices of engineers 

Commitment Collection of evidence of the impacts of PSMs when used with a more 
diverse range of infrastructure actors from whom buy-in is required.  

Efficiency Collection of the time taken in preparing, designing, implementing and 
evaluating PSM interventions in integration practice for comparison with 
existing project data using more regular approaches 

 
Longitudinal data 
One of the limitations of the research’s evaluative evidence base is its lack of extensive 
longitudinal data for evaluation. Though PSM workshops have clearly defined time boundaries, 
from a critical realist perspective, the changes in the deeper Real domain problem space and 
structures for inter-actor interactions are not time-limited. Outcomes effected by intervention 
action may not become apparent until later in time. As a likely and significant contribution of the 
use of PSMs in workshops is their gradual changing of practitioner mindsets to think more ‘in 
systems’, and beyond sector boundaries, it would be very interesting to explore if such changes 
were observed in the long-term. Such data would be helpful in presenting a case that the role of 
PSMs should be considered beyond single interventions, and instead as fluid processes that can 
enhance the effectiveness and efficiency of integration practice over time. Methodologically, it is 
recommended that future evaluations of PSM interventions undertake longitudinal explication of 
events using timelines as was done in Chapter 4 (‘Challenges’). No such critical realist evaluation 

has been undertaken in the existing PSM literature. 
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Conclusion 
This chapter outlined an approach for evaluating the impact of PSMs in infrastructure integration 
practice. It adapted work from the PSS and PSM evaluation literatures to propose an evaluation 
framework of six dimensions: relevance, feasibility, insight, communication, consensus and 
commitment. It enhanced previously published work by making explicit a theory of change that 
would cause observed changes within these evaluation dimensions. For this it used the work of 
Chapters 5 (‘Mechanisms’) and 6 (‘Intervention’) to explicitly link expected outcomes of PSM 
action in integration practice to claims of activation of Real domain integration mechanisms within 
the particular contextual conditions created by PSMs.  
 
The framework was used to evaluate the outcomes of PSM action on four cross-sectoral 
infrastructure integration projects. In terms of efficacy, the evidence suggests that PSMs 

performed to meet the requirement of practice in the ways claimed. In terms of effectiveness, the 
evidence led to an overall positive conclusion about the impact of PSMs on the relevance and 
feasibility of ideas developed during integration projects, as well as the communication and 
consensus achieved at the group level between practitioners. At the level of the individual 
practitioners, it found mixed experience in terms of the utility of systems maps in developing 
insight, though all participants did claim that the effectiveness of PSM intervention as whole on 
their insight into the issues and opportunities of their respective integration projects had been 
positive. Least supported by the data collected were expected changes in the individual 
commitment of practitioners to ideas and relationships that were developed during the 
interventions. In terms of efficiency improvements, the evidence suggests that PSMs are able to 
provide greater benefits in terms of outcomes over similar periods of time. Further data of the time 
costs and benefits achieved are needed, however, to validate this claim. Chapter 8 (‘Reflections’) 
explores the processes by which PSMs yield additional benefits for the practitioners themselves. 
 
This chapter also provided suggestions for improving the approach to using PSM for supporting 
integration practice. These improvement range from earlier and more revisited use of PSMs, to 
changes of their visual presentation, to adaptations of their functionalities in order to better 
support the development of insight into the cross-sectoral nature of the opportunities and 
challenges faced. 
 
This chapter concluded with reflections on the ways that the evaluation process itself could be 
improved. The developed framework is argued to have particular strengths in its multi-level focus 
and ability to acknowledge both content and process outcomes of planning practice. It is believed 
that a significant impact of the use of PSMs in integration practice is its encouragement of 

practitioner mindsets in the long-term towards approaching infrastructure projects with 
comprehensive systems thinking and cross-sectoral perspectives. Insufficient evidence was 
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available to substantiate this belief, future evaluation would benefit from more longitudinal 
analysis of the impacts of PSMs in integration practice. 
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8. Reflection 
 
 
This research used an experiential research approach for investigating the ways that PSMs can 
provide planning support for the cross-sectoral integration of infrastructure systems (see Section 
2.1: ‘Research approach’). Each of the preceding four chapters contributed primarily to one stage 
of the experiential learning cycle: observing and reflecting in Chapter 4 (‘Challenges’); forming 
abstract concepts in Chapter 5 (‘Mechanisms’); testing in new situations in Chapter 6 
(‘Intervention’); and reflecting on performance in Chapter 7 (‘Evaluation’). This chapter reviews 
the theoretical and practical contributions made across the four core chapters, and presents a 
number of additional reflections and insights about the practice of infrastructure integration that 

emerge from the overall experiential planning process. 
 
This chapter first reflects on the ways that the cross-sectoral integration of infrastructure leads to 
the realisation of circular cities69 (Section 8.1: ‘Strategic integration - propositions’). As both the 
extant literature (Section 3.1: ‘Cross-sectoral integration’) and experiences from integration 
project cases (see Chapters 4: ‘Challenges’ and 6: ‘Intervention’) emphasised a need for greater 
clarity about the strategic purposes driving processes of cross-sectoral integration, it presents 
new insights developed from this research into the strategic goals and objectives that shape such 
planning projects. It then reflects on the types of integrated infrastructure solutions used in 
response to these goals that were developed on case projects, but which are little explored in the 
existing literature. 
 
The final section provides an overview of the insights developed regarding the compatibility of 
PSMs with integrated planning practice (Section 8.2: ‘PSMs for integration - compatibility and 
strengths’). As there will be multiple options for planning support intervention into integration 
practice, this section seeks to highlight the particular strengths of PSMs in responding to the 
diverse cost, time and reputational pressures that shape the context for integrated planning 
practice. 
 
 

8.1 Strategic integration: propositions 
 
A key aspect that influences the performance of infrastructure integration practice is the clarity of 
its strategic proposition (see Sections 4.2: ‘Challenges - clarity of strategic purpose’; 5.3: 
‘Corroboration - clarity of strategic purpose’; and 7.2: ‘Experience - relevance & feasibility’). The 
strategic proposition comprises the systems of strategic goals and objectives within the problem 
                                                        
69 See Section 1.2: ‘Closing the resource loop’. 
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space, as well as the ideas for integrated infrastructure responses in the solution space, and the 
ways that all of these aspects are connected. The nature and clarity of the strategic proposition 
has significant influence on the powers of the complex system structures that underpin each of 
the four, key retroduced integration mechanisms in the Real domain (see Section 5.2: 
‘Mechanisms’). For example, in order to generate commitment from infrastructure actors 
(Mechanism IV), it is beneficial to achieve increased alignment of their interests into a shared 
value proposition for the integrated system (Mechanism III). A tangible value proposition is, 
however, greatly supported by practitioner insight into the cross-sectoral needs shaping a project 
(Mechanism II). The latter are typically captured in a project’s strategic goals and objectives. This 
section explores the insights developed in this thesis about the nature of the strategic 
propositions shaping integration projects, and begins with insights about the strategic goals and 
objectives driving them. 

 
In the extant literature, the strategic goals and objectives driving cross-sectoral integration were 
all part of predominantly environmental visions for development. The relatively small number of 
case studies available are all located in planning contexts where environmental values were 
driving urban development. It was observed that it would be beneficial to explore the strategic 
goals and objectives driving integration in different planning contexts (see Section 3.1: Summary - 
integration evidence gaps’). 
 
This thesis explored the strategic objectives of seven integration projects across seven different 
planning and decision-making contexts, distributed across five countries (these projects were 
introduced in Sections 4.1: ‘Integration experiences’ and 6.2: ‘PSM interventions in integration 
practice’). In order to identify the key strategic goals driving integration proposition, the contents 
of interviews, project documentation, and workshop materials were coded and analysed to 
identify goals and objectives (see Appendix C for the coding scheme). These goals and objectives 
were then analysed for each project, and based on their relative influence in driving project 
decisions given a relative indication of a low, medium, high significance. They are summarised in 
table 20. Blank cells in the table indicate absence from the data collected, rather than a lack of 
significance.  
 
Table 20. Strategic goals driving case integration projects. Relative significance is indicated per project 
according to low (+), medium (++), and high (+++) 

Strategic goal Case studies      
KA-
CARE 

PlanIT 
Valley 

Detroit Berezniki Future 
Riyadh 

KLIFD BAF 

Environmental protection + + +   +  
Resilience & security +++  ++ + +++ +++ +++ 
Cost of operation  +++ +++ +++ +++ +++ +++ 
Innovation +++ +++    +  
Branding +++ +++    +++  
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Environmental protection 
One of the strategic goals driving the proposition of cross-sectoral synergies on case projects for 
realising greater resource circularity is the pursuit of environmental protection. This typically 
entails reduction of net waste volume, and mitigation of related consequences such as the 
degradation of environmental systems. Environmental protection featured as a strategic goal in 
some of this research’s case integration projects. In the case of Detroit it existed as a goal for the 
protection of the city’s ecosystems, i.e. targeting reductions in wastewater volumes to protect the 
Hudson River and Great Lakes ecosystems. More commonly, however, it featured as a 
component of broader sustainability strategies that ultimately supported other project goals, such 
as the development of a differentiated brand, or reduction of operational costs. This was the case 
on the KA-CARE, PlanIT Valley, and KLIFD projects, and is further discussed in the following 
sections. Experiences from the seven case projects suggest that environmental protection as a 

strategic goal alone is unlikely to align multiple infrastructure actors sufficiently for cross-sectoral 
integration in similar contexts. Future trends that could increase the relative significance of 
environmental protection as a strategic driver for cross-sectoral integration include stricter 
environmental regulations and changing public health frameworks. 
 
Resilience and security 
Greater integration of infrastructure systems can support goals of enhanced resilience and 
security of a city or other development system. Localisation of resource reuse can attenuate the 
impact of supply chain disruption, and it constituted the primary driver for the integration of energy 
and wastewater treatment infrastructure within the boundaries of the KLIFD site. The pursuit of 
options enhancing the city’s resilience to a different type of resource-based shock, flooding, 
supported the proposition for the integrated use of Detroit’s road networks for stormwater 
management. Resilience and security also provided strategic goals in the cases of KA-CARE, 
Riyadh and BAF where the clients were seeking to reduce the risks of changing resource prices. 
Resilience and security appear likely to remain significant drivers for cross-sectoral integration, as 
cities continue aiming to offer business continuity assurances in a global context of changing 
climate patterns, and increasing resource scarcities. 
 
Cost of operation 
A significant strategic goal driving integration propositions is the reduction of infrastructure 
investment costs. This typically entails reductions of both capital and operational expenditures. In 
the cases of Detroit and Berezniki, cost reduction featured as the most critical goal in replacing 
ageing infrastructure systems while pursuing greater economic and social attractiveness. Cost 
reduction as a strategic goal can also entail the creation of new savings or revenue opportunities. 

On the KLIFD project, the merging of the wastewater treatment and district cooling plants yielded 
significant avoided costs through the resultant reduction of the required spatial footprint. In PlanIT 
Valley and KLIFD, the integration of infrastructure sectors provided elements for their 
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underpinning business models, in forms of data subscriptions in the former, and Multi-Utility 
Service Company (MUSCo) performance-based models of operation in the latter. Cost of 
infrastructure operation is likely to remain a significant driver for cross-sectoral integration and the 
changing availability of resources is unlikely to see cost pressures ease on those operating 
infrastructure network, whether publicly or privately owned.  
 
Innovation 
Cross-sectoral integration can create an environment where knowledge exchange between 
different groups and different disciplinary capabilities are more common. In turn, this can lead to 
innovative collaborations in other areas, such as new economic clusters, novel service design, 
etc. In three of the case projects, the pursuit of the creation of such environments supportive of 
innovation provided a driver for integration. This included the two notable contexts of the cities 

that were to explicitly become experimental zones for technological innovation in the cases of KA-
CARE and PlanIT Valley. In KLIFD the goal of becoming a pioneer in smart technology innovation 
with the use of the UOS provided a strong driver for cross-sectoral integration. It is likely that 
there will be a related drive for more cross-sectoral approaches in the design and operation of 
infrastructure systems as cities explore the conditions to move towards sharing economies, 
circular economies, and reputations as supportive environments for economic and social 
innovations. 
 
Branding 
A fifth and final strategic goal driving cross-sectoral integration has been the pursuit of creating a 
unique brand for a development or city. A differentiated identity was often believed to be an 
important aspect in a global context of inter-city competition for attracting investment. Across the 
case projects these ranged from combination of reputations as global exemplars in sustainability, 
smart technology, and energy technologies, and have typically been on greater cost and resource 
efficiencies through the reuse of resources (i.e. the KA-CARE, PlanIT Valley, and KLIFD projects). 
These have been major aspects, important in identity, and in differentiation for investment in 
global context of city competition. As more examples of cross-sectoral integration are investigated 
and made visible, it is unknown whether or not the strategic goal of brand differentiation will 
remain a strong driver for integration. 
 
Objectives multiplicity and interdependence 
The presented strategic goals and objectives are not mutually exclusive, and there can be 
multiple goals driving an integration proposition. The relationships of influence between the nature 
of these goals means it is extremely likely that most integration efforts across diverse planning 

contexts will be shaped by multiple strategic goals.  
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The relative importance of strategic goals and objectives will vary. Where they are influenced by 
the performance of others, ‘cascades’ of higher level visions to strategic goals to lower level 
strategic objectives emerge. For example, in Future Riyadh the lower level strategic objective of 
reducing resource use levels supported the higher goal of reducing the cost of operating the city’s 
infrastructure systems. In turn these cost reductions supported the higher-level aspiration of 
enhanced city resilience and security. Similarly, in the case of PlanIT Valley, the goal of enhanced 
environmental protection underpinned a higher-level goal of developing excellence in cross-
sectoral technology development. This in turn influenced two higher-level, reinforcing goals of 
creating an environment of innovation and creativity, as well as the creation of a global brand for 
the attraction of investment in the development.  
 
Strategic goals will not only vary according to context, but as they are part of a dynamic system, 

they will vary over time even within the same context. In Detroit, for example, the most significant 
strategic goal driving the integration of infrastructure systems changed from better waste 
management, to enhanced city resilience, and eventually to the reduction of total cost to operate 
the city’s infrastructure networks. 
 
Resource subsidiarity 
Unlike the case studies reported in the extant literature, resource reduction for the enhancement 
of environmental protection and transition towards a lower waste urban development regime are 
rarely the key drivers for cross-sectoral integration. Case projects in this research showed that the 
range of strategic goals promoting cross-sectoral synergies is in fact much wider. Environmental 
protection goals tend to be subsidiary to the higher-level goals of cost reduction and enhanced 
security of economic production and societal well-being. 
 
The environmental aspects of the integration value propositions were often weakly defined on 
case projects. The relationships of the impacts of resource use reductions to improvements in 
infrastructure cost efficiencies, stability of supply, brand enhancement, and creation of innovation 
environments often appeared challenging to articulate. This became especially apparent from the 
contributions made to the causal maps of the four PSM interventions in practice, detailed in 
Section 6.2. The influences of resource reductions were usually implied rather than contributed as 
tangible issues and drivers within either the discussion, or the systems map. Further work on 
these relationships of influence would be to support the development of greater clarity of value 
propositions for pursuing circular reductions in waste. 
 
Socio-technical synergies 

The case projects used in this thesis demonstrated that the systems integration responses to 
these goals and objectives can take diverse shapes and forms. Some of the proposed responses 
are predominantly physical in nature. The most common type of physical cross-sectoral synergy 
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across the case projects were shared nodes between sectors (see Section 1.2: ‘Integrated 
infrastructure’ for a description of ‘type III’ synergies). Examples include the cross-sectoral 
anaerobic digester node between the energy and waste infrastructure sectors on KA-CARE, the 
waste-to-energy plant connecting similar sectors in Detroit, and combined wastewater treatment 
and district cooling plant on KLIFD. The city-wide cross-sectoral consolidations of infrastructure 
networks in Detroit and Berezniki provided other examples of physical design responses to the 
drivers for greater systems integration. 
 
The case studies reported in the extant infrastructure systems integration literature (i.e. 
Hammarby-Sjöstad, Eva-Lanxmeer, and Lille Métropole as highlighted in Section 3.2 
‘Understanding urban systems integration’) comprise almost exclusively of such physical 
integration responses (though no published accounts report on the use of a spatial integration 

approach as used in Detroit and Berezniki). Though the nature of infrastructure systems is 
acknowledged to be socio-technical, the actualisation of systems integration appears to be 
initiated by integration of the technological components, followed by that of their social 
dimensions.  
 
Based on the experiences of this research’s case projects, it is proposed that it is at least as likely 
for integration of the ‘softer’, social dimensions of infrastructure systems to precede the 
integration of their physical components. The process of cross-sectoral integration often 
comprises the coordination and integration of information, budgets, service dimensions and 
institutional practices.  
 
The integration of infrastructure systems is not a clearly bounded process. Cross-sectoral 
synergies can take years to be realised, and they require multiple supporting conditions. They 
require the alignment of interests, creation of trust, and change in siloed worldviews and 
mindsets. The integration of e.g. budgets rather than resource flows can provide a starting point 
for a process that affects these types of necessary changes over time. Examples in the case 
projects of this research where physical integration is likely preceded by consideration of, and 
integration across, multiple soft dimensions of sectors, include the cross-sectoral integration of 
accounting structures (e.g. BAF); investment pipelines (e.g. Future Riyadh); ageing infrastructure 
repair programmes (e.g. Berezniki and Detroit); national energy security strategies (e.g. KA-
CARE); and innovative ways of integrating information (e.g. PlanIT Valley and KLIFD). 
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8.2 PSMs for integration: compatibility and strengths 
 
As has been noted previously, the interest of this thesis is not only to explore if PSMs work as 
planning support for integration practice, but also how they work, and what their particular 
strengths are in the context of expert-led planning practice. The suitability of PSMs for cross-
sectoral integration in this context is shaped by more than its performance in demonstrating 
impacts on expected outcomes. As a softer, innovative planning support system (PSS), its 
suitability is also determined by its compatibility with the pressures and conditions of planning 
practice (Pelzer et al. 2016).  
 
In order to explore the compatibility of PSMs with expert-led integration practice, this section 
explores ways that PSMs counteract to some of the major pressures affecting integration practice 
CAS: cost; time; concerns about legitimacy; pressures for products; and technorational cultures 
(see Section 5.3: ‘Corroboration - integration challenges explained’). It first explores the 
processes by which PSMs influence some of the impacts of these pressures, and then considers 
specific attributes of PSMs instrumental in these processes. 
 
As part of the analysis of these pressures and processes of influence, the contents of Chapters 4, 
5, 6 and 7 were searched for descriptions and analyses that offered evidence of the relationship 
of influence between aspects of the features of PSMs and the performance of integrated planning 
practice. A list of causal relationships of influence was derived from these descriptions, and 
overlapping aspects identified. The analysed material was used to produce a causal loop diagram 
(CLD) of PSM action in integrated planning practice. This analytical approach is similar to 
Yearworth and White’s (2013) use of text-based data to construct a CLD of organisational 

change, though the authors use adjacency matrices in the construction of the CLD, while this 
research approached this manually with iterative sketching and then digitally rendering the 
diagram. The end result is shown in figure 52. Highlighted in bold are key aspects that are 
explored in further detail in the following sections. The polarity and colours of arrows denote the 
nature of the relationship: blue (+) is a reinforcing influence; red (-) denotes an opposing 
influence.  
 
  



8. Reflection 

229 

Figure 52. CLD of PSM action in integrated planning practice 
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Effectiveness: legitimacy, quality and expertise 
This section explores the upper and left-hand side aspects of the figure 52 CLD, extracted for 
clarity in figure 53. Italicised descriptors indicate that a discussed aspect of integrated planning 
practice constitutes a depicted element within the related CLD. 
 
Figure 53. Extract of CLD focusing on the impacts of PSM action on the effectiveness of integrated planning 
practice 
 

 
 

A major pressure identified in the analysis of challenges encountered in integration practice is the 
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both analytical and practical skills, and maintains a planner’s professional legitimacy. PSMs 
increase the visibility of the value added by the systematic, analytical approaches that are likely 
already made use of by the planning practitioner, though often not in as transparent and tangible 
a way.  
 
Another observed effect of the concerns regarding client perceptions of professional legitimacy 
and value arises where planning experts attempt to impress the client with their comprehensive 
insight into the complexities of the issues faced (e.g. as was observed by interviewees occurring 
on the Detroit, Berezniki, KA-CARE, Future Riyadh, and BAF projects). The risk to cross-sectoral 
integration of overcomplicating in these communications is that it reduces the degree of insight by 
integration partners and client, and consequently risks reducing their buy-in into the process. As 
one interviewed planner explained their experience on the BAF project: 

The real problem was, how do you communicate something that is so complex to a team or a 
client? I think that we tried to show how clever we were. … We said: “look at this really clever 
box we've created! We will let you have a peak inside this black box.” Of course that was 
completely the wrong thing to do … because what was really important was that we clarify in 
simple terms what we had learnt. When we changed [the approach to communication] later 
on in the project, by instead breaking it down into really simple points, we did well. 

Hence cross-sectoral integration requires a systematic means of abstracting the essential insights 
and presenting essential insights to project partners. By communicating meaning and insight 
through the use of relationships and dependencies between system aspects, PSMs can provide 
such an approach.  
 
Where PSMs are used to explore issues and objectives shaping a problem context, PSMs can 
make the ways that a planning process is taking stakeholder objectives into account visible. 
When shared with project partners, this can help develop their confidence in the integration 
process and generate critical buy-in (Mechanisms II and IV). Where there is confidence, this 
enhances the reputation of planners as experts with a distinctive capability to manage integration 
processes. Over time, as was the repeated experience on the Detroit and KLIFD projects, this can 
result in the ongoing re-engagement of the expert planners to support the process, as there is 
confidence in their insight into the challenges faced. For the planning practitioners, the more they 
are engaged on cross-sectoral integration projects, the more opportunity that they have to learn 
how the effectiveness of their planning practice can be enhanced. Eventually this can complete a 
positive feedback loop that results in the improved quality of integration outcomes. 

The most important role we can play in a project like this is the role of the trusted advisor. 
Someone who is listened to in situations of real problems with complexity from different 
sectors; not someone who is listened to because they are a great presenter of polished ideas. 
Let’s be honest, things change over time. So it's about knowing how to point them in the right 
direction and being there with them. (BAF) 
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Efficiency: time, cost, and learning 
This section explores the lower right-hand side aspects of the figure 52 CLD, extracted here for 
clarity in figure 54. 
 
Figure 54. Extract of CLD focusing on the impacts of PSM action on the efficiency of integrated planning 
practice 

 
 
Two major pressures affecting the practice of cross-sectoral integration in expert-led contexts 
were those of cost and time. The evidence collected revealed that some of the practitioners with 
highly relevant capabilities were not always engaged in the integration process because of the 
time cost that their participation would incur. As an interviewee explained, the most senior 
planners and engineers are typically those tasked with the responsibility of ensuring that all 
disciplines are coordinated and their work mutually supportive. As the time cost of these senior 
members is often significantly higher than those of more junior planner and engineers, however, 
they are often not regularly engaged in the work that explores the finer grain opportunities and 
challenges. They suggest that what is needed to resolve this challenge is a means of engaging 
these experienced practitioners in a way that has an increased guarantee of effective and efficient 
outcomes. 

We need to tap into experience and insight [of cross-sectoral integration] of our seniors, but 
with minimal time required. If we involve senior people in a meeting that doesn’t end up 
joining things up, it’s so expensive and kills projects. On our integration projects it’s been a 
real nightmare. … So if we could find a way to send something to [senior practitioners] that 
was already distilled, it would be to the benefit from the projects. (Detroit) 

 
This does not, however, only concern the availability of senior and experienced planners, but also 
the ability to derive value from multiple contributions in a way that is time-efficient.  



8. Reflection 

233 

I think that getting [a few] of us together is more cost-effective than trying to do the thinking 
alone. [Senior planner] has said before that people are afraid to make use of him, because 
[his time] is so expensive. But short, sharp meetings with him are very useful. (Future Riyadh) 
We have to become more efficient and we'll get better quality outcomes by getting more 
brains on these problems. If we can get a more refined process for defining the problem that 
has a larger group of people have a go at trying to crack it, and then a smaller group of 
people to distill out the findings. Then I think that would be of benefit to the business and to 
the client. At the moment I feel that I've been trying to crack [the project] on my own. 
(Berezniki) 

 
PSMs offer a practical approach that brings together individuals in a structured way with a 
likelihood of similar insight over a shorter total time period than if the analysis and reflection were 
undertaken individually. This reduces the cost of practice and increases the available planning 
resource for integration practice. In turn, this makes available opportunities for reflection and 
learning that improve the practice of integration. If this results in efficiency gains within practice, it 

reduces the cost of integration projects and completes a positive feedback loop. A key feature of 
PSMs is that they change the insight of individuals by making adjustments to their mental models 
and encouraging practitioners to explain these changing understandings of the nature of the world 
to each other. PSMs thereby systematically embed a learning process within the professional 
problem-solving services offered by planning experts, achieving efficiencies through combining 
what are often in practice separate processes into one.  

We are constrained in how we do the integration process on projects, because they go so 
fast. We don't have space to take a step back. … We need to differentiate ourselves from our 
competitors in how we approach these problems. (KLIFD) 
We don’t always have the space to think creatively. There is pressure on efficiency, and to not 
take on risk, and to do what is understood. So we don’t always think if, for example, water can 
be converted into energy. (KLIFD) 
We’re constantly reinventing the integration wheel. And people are not asking the question of 
“what have we already done before to build on?” It’s just churning out the product asked for. 
(KA-CARE)  
What I want to know is: how do we support younger consultant likes [person X] to become 
involved in thought leadership [development]? (KLIFD) 
We never do project close-out meetings, even though [we should]. People are too busy for 
this kind of learning. No one takes a step back and asks how we can make our lives easier. 
(Future Riyadh) 
 

PSM strengths 
This section focuses the upper right-hand side aspects of the figure 52 CLD, extracted here for 
clarity in figure 55. It highlights some of the significant areas of influence of PSMs on the 
effectiveness and efficiency of integrated planning practice. The particular strengths of PSMs 
driving this influence are discussed below. 
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Figure 55. Extract of CLD focusing on the areas of PSM action on the effectiveness and efficiency of 
integrated planning practice 

 
 
Quicker insight 
The suitability of a PSS is affected by its usability in practice (Vonk 2006; Pelzer et al. 2016). As 
was discussed in the previous section on ‘efficiency’, a major consideration for the suitability and 
usability of PSMs in integration practice is the dimension of time. It was described how PSMs can 
result in insight faster than regular meetings by bringing ‘multiple heads’ together in a purpose-
driven, systematic exercise. Another time-sensitive feature of PSMs that makes them compatible 
with integration practice is their ability to match the pace and agility often required of practitioners 
working within the high-pressured environments of expert, commercial planning practice. 
 
Degree of insight by planning team 
A particular strength of PSMs for enhancing insight into the nature of an integration project is that 
they provide a sector-neutral starting point. By focusing on the problem context, disciplinary 
experts have to focus on the relationships of different needs rather than individual aspects of a 
problem. In the context of professional environments in which different planning teams likely have 
their standard or preferred sets of design processes, and familiar and tested options for 
infrastructure and resource strategies, this exploratory starting point is critical for the development 
of novel and context-appropriate integrated infrastructure systems.  

 
Legitimacy of contributions to process outcomes 
The case projects showed that there are many roles within the development process of an 
integrated infrastructure system that a planner may have to assume. In order to activate the 
integration mechanisms of the Real domain, planners must support the formulation of strategic 
objectives; analyse constraints; scope design options; explore risk and uncertainties; facilitate 
relationship-building; resolve misunderstandings between actors, etc. A key strength of PSMs is 
not only that they are capable of contributing to these roles in several ways, but that they are 

+

+

+
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often also capable of supporting a wide range of these roles to at least some degree within a 
single workshop intervention.  
 
Degree of insight by planning partners 
By articulating ideas as goals, objectives, and issues, PSMs are able to present and share insight 
into a problem structure in a format that is often accessible for project partners to understand. 
Their use of relationships brings out meaning that could take considerable larger volumes of text 
only to describe. The format of nodes on a causal map can be translated into guidance or 
requirements for a design process or procurement process without too much additional work. This 
observation was echoed by a practitioner during the KLIFD1 workshop who suggested that: 

It would be interesting to see how we could use these types of maps to structure our kick-off 
workshops with our partners a bit better in order to tease out relationships and key elements 
earlier into the process. This would really help ensure we are focused on our projects in 
delivering the right level of quality with the right focus. And it would help communication with 
the client. 

 
This touches on another strength of PSMs, which are the multiple formats for collaborative 
approaches offered by the flexibility of their process of construction. One of the challenges 
encountered in integration practice is that on large infrastructure development projects, the 
planning team will often not have direct, or at least frequent, contact with the client. This makes 
not only relationship-building, but especially also the sharing of insight, achieving consensus and 
creation of commitment, challenging. PSMs’ use of a tangible reference point for the integrated 
design space within the Empirical domain offers support here. They can either be used in the 
collaborative format most commonly reported in the literature, which comprises its synchronous 
use integration partners. An approach that does not require direct access to client, however, is 
use of the systems map as communication device instead. In this approach to collaboration, PSM 
insights are shared between project partners via iterative changes to the systems map.  
 
Technorational compatibility 
The integration of infrastructure systems occurs in the context of multiple disciplines and 
professional traditions. It is, however, significantly influenced by the traditional cultures of 
infrastructure planning and engineering. As was highlighted in the review of the literature (see 
Section 3.2: ‘Content-process gap’), there is an emerging shift towards more collaborative 
approaches that are less dependent on expertise and technorational approaches. Though there 
are calls for more holistic approaches to infrastructure development, there is typically a lack of 
familiarity with the softer planning approaches that recognise the value of social processes of 
engagement. Experiences on case projects showed that PSMs’ systematic approaches grounded 

in systems thinking are capable of challenging the reductionist and determinist paradigms 
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encountered in the domain of infrastructure planning, and offer a softer approach to its strategic 
planning decision support. 
 
Reflection: value to whom? 
Considering these strengths of PSMs and their compatibility for use as planning support in 
infrastructure integration practice, it is apparent that they not only offer added value for external 
stakeholders, but also for practitioners themselves. Their use results in effectiveness, 
reputational, learning and efficiency gains for their practitioner user. This perspective on who 
benefits, which highlights the value added for practitioners, has not yet been explored in literature. 
 
Conclusions 
This chapter considered the insights developed across this thesis’ two substantive parts (Part I: 

‘Understanding’ and Part II: ‘Resolving’) in order to offer final reflections on the lessons learnt 
about the nature of infrastructure integration practice and the planning support offered by the use 
of PSMs.  
 
It reviewed the strategic goals driving cross-sectoral integration in each of the research’s seven 
case projects. In contrast to case studies described in the extant literature, which were largely 
driven by environmental protection goals, the strategic goals and objectives encountered on case 
projects were more diverse and interrelated. In addition to environmentally-motivated objectives, 
strategic goals driving the cross-sectoral integration of infrastructure systems also include the 
enhancement of resilience and security, reduction of the costs of infrastructure investment, and 
enhancement of the innovation potential, as well as the brand of a city or development. Goals for 
the reduction of total waste streams or protection of the environment are often of subsidiary to 
strategic goals for increased security, cost reduction and brand development. 
 
In terms of the planning and design responses to these goals, it found that there is a diverse 
range of non-physical and non-technical systems integration approaches that are insufficiently 
covered in the extant literature. These include the cross-sectoral integration of investment 
pipelines, budgets, and information streams.  
 
In addition to Chapter 6’s (‘Intervention) consideration of suitability of PSMs for infrastructure 
integration, this chapter also explored the compatibility of PSMs with integration planning practice. 
It found that in context of an expert-led, commercial, multi-disciplinary engineering and planning 
practice, the dimensions of cost, time and learning are especially influential in enhancing the 
compatibility of PSMs with integration practice. 
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9. Conclusions 
 
 
Inspired by the Hammarby-Sjöstad district in Stockholm, a development which at the time of its 
construction was claiming a resource efficiency performance at least twice as good as other 
developments world-wide, this thesis focused on infrastructure designs that integrate the resource 
flows of traditionally siloed sectors in order to support transitions to more sustainable and ‘circular’ 
models of urban development. At the time of the start of the work for this thesis, there was much 
excitement within the built environment community about the potential of emerging smart 
technologies for unlocking greater levels of exchange and efficiency improvements across 
different infrastructure systems. As Newman observes “infrastructure integration is [now] the 
resurgent watchword as a key strategy for sustainable urbanism” (2014:803). 

 
A personal interest of the researcher was to use the research process to learn about the ways 
that the practice of planning can be enhanced. The research was consequently undertaken in 
partnership with a commercial strategic planning practice, BuroHappold Engineering, and aimed 
to explore ways of better supporting practitioners who work to deliver context-appropriate cross-
sectoral infrastructure integration strategies. 
 
At the outset of this research project, it was believed likely that a key challenge facing the 
integration of infrastructure systems comprised the coordination of technical infrastructure design 
information between sectors. Others researching circular cities and systems integration at other 
universities and planning practices were investing resource into developing quantitive flow 
models, as well as systematic design processes and protocols, and it was expected that a major 
contribution of this thesis would be the identification of the technological barriers faced and 
address some of them through quantitative analysis.  
 
Once immersed in integration practice, however, rather than a set of predominantly technological 
barriers, integration practice was found subject to a much wider range of challenges and a 
significantly messier subject for study than anticipated.  
 
Though many planners were aware of the ideas of circular cities and cross-sectoral integration, 
few were able to provide insight into how their development was undertaken in practice. In 
searching for case examples, it seemed that there was no such thing as a clearly bounded 
concept for what constituted infrastructure integration. To those involved in their development, 

these integration projects were often not perceived as especially different from other strategic 
infrastructure projects - though they were usually more complicated and challenging. Nor did the 



9. Conclusions 

239 

processes of integration have clearly defined boundaries in time that could be used for their 
identification, as some their critical activities appeared to range from a few days to several years.  
 
The search for integration experiences encountered a messy day-to-day reality, in which planning 
practitioners worked in high pressure, uncertain, and resource-constrained environments, tasked 
with responsibility of reliably identifying a means to deliver better development outcomes in the 
future. Rather than comprise the coordination of pipes and resource flows, integration appeared 
instead to involve the coordination of individuals and their skill sets, insights, analytical abilities 
and agendas. Rather than rely on the production of designs, infrastructure integration appeared to 
depend on the development of trust, confidence, and buy-in amongst stakeholders. Altogether, it 
emerged that the practice of infrastructure systems integration involved a much more complex 
and daunting picture that found in the extant literature, yet equally also one that was more 

credible. 
 
At the start of this research project, problem structuring methods (PSMs) were unfamiliar to 
research team. As the messy nature of integration practice became apparent, the search of 
decision support tools capable of engaging with such messiness led to the work in the field of 
‘soft’ Operational Research (OR). In order to test the subsequent belief that PSMs are able to 
provide useful support for resolving some of the challenges encountered in integration practice, 
while also minimising ineffective disruption to the research partner’s planning projects, an 
empirical and theoretical evidence base had to be developed to underpin this proposition. 
 
This chapter provides a summary of this thesis’ work that aimed to explore the use of PSMs as 
strategic planning support for the practice of infrastructure systems integration. It begins with 
Section 9.1 (‘Contributions and findings’) which outlines the overarching contributions of this 
thesis along with a summary of the relevant extant literature. Next it presents a series of 
recommendations for practitioners seeking to cross-sectorally integrate infrastructure systems. It 
includes recommendations for the ways that PSMs can enhance outcomes in the context of 
expert-led, resource-constrained planning practice (Section 9.2: ‘Recommendations’). It then 
reflects on the limitations of the thesis, reviewing the quality of the research’s data collection, 
analyses, and the rationale for some of the methodological decisions made (Section 9.3: 
‘Research quality’). This includes a discussion of the degree to which the thesis findings can be 
generalised to other domains. Subsequently, Section 9.4 (‘Further work’) discusses the future 
directions for research in infrastructure integration and PSMs. Finally, this thesis is concluded with 
Section 9.5 (‘Final remarks’). 
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9.1 Contributions and findings 
 
This thesis approached the investigation of integration practice in two parts. In the first part, it 
focused on understanding the nature of integration practice, and in the second it focused on 
taking action to resolve some of the challenges encountered in practice. It used four research 
purposes to focus the research work to contribute to these two parts: first, its purpose was to 
describe the challenges encountered in integration practice; second to explain the experiences of 
planning practice; third to intervene in integration practice with PSMs; and fourth, to evaluate the 
impacts of PSMs on integration practice. The contributions and finding developed in addressing 
these four purposes are discussed below.  
 
Modelling of integration practice 
A key contribution of this thesis is the development of a conceptual complex adaptive systems 
(CAS) model of infrastructure integration planning practice. A visual summary of this model is 
depicted in figure 56. The causal model is capable of explaining the distinctive challenges 
encountered in integration practice, and can substantiate claims made about the transferability of 
planning insights developed on integration projects into other planning contexts. This CAS model 
therefore enables better planning of complex systems integration projects, supporting the 
development of more circular cities. 
 
Figure 56. CAS model of infrastructure integration practice 

 
 
The model was developed through analysis of the events and experiences of seven infrastructure 
integration projects, introduced in Chapters 4 and 6. Using a retroductive methodology, the 
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structure and behaviour of an infrastructure integration practice CAS was proposed in Chapter 5. 
A critical structural feature of the CAS that influences the behaviour of integration practice is an 
intangible integrated design space that enables multi-disciplinary and collaborative design. The 
analysis postulated the existence of four key integration mechanisms within the CAS that are 
activated in generation of the outcomes experienced on integration projects, namely: a 
coordination mechanism that pools distributed capabilities; a population mechanism that makes 
connection between diverse pieces of insight; an interdependence mechanism that constructs an 
understanding by individual agents of the relationships between their interests; and a commitment 
mechanism that enhances the tendency of agents to take action that will sustain a strategic 
proposition. 
 
Particular strengths of the developed CAS model are that it enables exploration of multiple 

dimensions of planning practice over different levels, different places, and over time. It transcends 
frequently imposed boundaries by explanatory models, such as distinctions between social and 
technical dimensions, process and content dimensions, as well as is discipline-neutral. It provides 
provides a framework that simultaneously considers the human and non-human agents that are 
indispensable aspects of planning practice, including pieces of legislation, funding, and models. 
The use of CAS focuses attention on system behaviour to make sense of the emergence of 
outcomes. It also allows exploration of the influences of external pressures that influence 
decision-making in expert-led planning practice, which are rarely explored in the literature but 
critical to understanding practice. 
 
Analysis of integration practice 
The diversity of the planning contexts of published case studies of infrastructure integration is low. 
All are northwestern European developments, and each was driven by strategic goals of 
environmental protection. It has been contested whether or not the range of challenges and 
drivers reported is the likely range to be anticipated in other contexts. Published systems 
integration accounts also provide few details of how their development unfolded in practice, and 
particularly at the level of practitioners. A key contribution of this thesis is its analysis of integration 
practice in multiple planning contexts. It provides the necessary evidence for exploring the 
influences of different contextual physical, cultural and social conditions on integration outcomes 
that are essential for supporting the future integrated, circular development of infrastructure in 
other cities. 
 
This thesis studied planning practice in seven integration developments, primarily through 
participant observation and interviews, discussed in Chapters 4 and 5. Five descriptive themes of 

distinctive systems integration challenges were identified. First, it encountered fragmented ways 
of working, where contributions to the integration process are separated on the basis of their 
sectoral and disciplinary origins. Second, challenges were encountered in the engagement of 
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social dimensions, where practitioners typically experienced difficulties in engaging with the 
‘softer’ aspects of integration designs, despite many of the cross-sectoral synergies developed on 
projects to span between social dimensions of infrastructure sectors, rather than their physical 
dimensions. The third challenge theme comprises the alignment of stakeholder objectives. These 
are not always clearly identified, nor addressed, in the integration process, limiting critical buy-in 
from project partners. A fourth integration challenge theme regarded the clarity of strategic 
purpose of integration projects. Experiences showed that clear strategic propositions linking 
contextual needs (which can include stakeholder needs), with proposed solutions are critical to 
achieving systems integration. It was clear from case projects that practitioners should allow 
strategic propositions to be needs-driven, rather than based on a presumption at the outset of a 
project that systems integration is a desirable solution. Analysis of the drivers for strategic 
integration propositions found that these were typically not grounded in environmental protection 

objectives, but rather a diverse range goals that include cost management and operational 
security enhancement. The final challenge theme identified focused on issues of longevity and 
ownership, where integration processes were often found to lack the openness that would 
encourage critical infrastructure stakeholders to develop commitment to an integration 
proposition. 
 
Intervention into infrastructure integration 
A third key contribution of this thesis was the demonstration of the suitability of PSMs to act as 
planning support for integration practice. The systems integration literature had identified a gap 
regarding the availability of planning support tools that are capable of meeting the distinctive 
needs of cross-sectoral integration. 
 
The needs of integration practice were defined in Chapter 6 by considering some of the influential 
system features and integration mechanisms developed in the integrated practice CAS model. 
These included the need for planning support that could bring together diverse knowledge types 
from multiple sources, provide of a reference point that is accessible to non-experts, enhance of 
inter-disciplinary communication, align interests of multiple infrastructure stakeholders, and 
change the tendencies of actors to commit to integration propositions. This thesis explored the 
ways by which generic PSMs features would be capable of meeting these requirements, such as 
the simultaneous action of PSMs on the development of content and process outcomes, as well 
as the use of systems-based approaches for facilitating communication between stakeholder, and 
systematic exploration of key aspects of a problem context. Combined, the identification of key 
PSM features that were capable of satisfying each of the requirements for intervention constituted 
the thesis’ proposition for their legitimate use in integration practice, addressing some of the 

distinctive challenges identified. Over this thesis, the utility of the CAS model was demonstrated in 
linking practice-based needs with an intervention proposition. This is potentially useful to other 
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scholars developing theories of change to engage with the behavioural aspects of group-based 
problem structuring. 
 
Evaluated performance of PSMs in integration practice 
A fourth key contribution of this thesis is the demonstration that PSM use in infrastructure 
integration can enhance both the effectiveness and efficiency of practice. Despite the previous 
history of PSM use in urban planning, PSMs are rarely encountered in contemporary planning 
practice. Their impact in practice today is unknown, and an evidence base needed to substantiate 
the proposition for its use in practice.  
 
An evaluation approach that addressed the complexity of PSM interventions was developed. It 
linked observation of anticipated and observed outcomes to claims about the contextual 

conditions and causal mechanism generating these outcomes. It considered the impacts of 
intervention across three areas of integration practice, using six evaluation dimensions. These 
areas focused on impacts on the ideas developed for systems integration (using the dimensions 
of relevance and feasibility), impacts on the individual participants (using the dimensions of 
insight and commitment), and impacts on the group (using the dimensions of communication and 
consensus). This contribution is believed to be potentially useful to the planning support system 
(PSS) community, who have called for evaluation approaches that link the tools, process, 
outcomes, and context of planning practice practice in order to close the ‘implementation gap’ 
affecting developed planning support tools. 
 
The evaluation approach was used to assess the performance of PSMs on four integration 
projects. Findings showed that PSMs can achieve more effective and more efficient outcomes in 
integration practice when compared to more common approaches to meetings. Not all 
participants benefited equally from the interventions, however, and limitations to the the 
effectiveness of PSM use also included the timing of their use and shortness of duration. The 
evaluation highlighted that the use of PSMs not only offers benefits to the eventual ‘users’ of 
these projects (e.g. city infrastructure operators), but also to the planning practitioners employing 
them. Their ability to simultaneously affect the quality of content and process outcomes can lead 
to significant practitioner benefits in supporting project-based learning, as well as deliver 
efficiency gains.  It is concluded that PSMs are compatible with expert-led, resource-constrained, 
infrastructure integration practice.  
 
In summary, the following highlights the findings of this thesis that I believe of particular interest to 
those looking to either understand systems integration or support its planning practice: 

• Clarity of the strategic proposition for cross-sectoral systems integration is essential for 
achieving longevity in the integration process; 
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• Strategic drivers for integration are more like to be premised on goals of better cost 
management and enhancement of security of operations than reduction of resource use; 

• Cross-sectoral synergies between the ‘soft’ systems dimensions of infrastructure systems 
are a critical solution type for infrastructure integration; and 

• PSMs can enhance the effectiveness and efficiency of integration practice - though they 
are not the only tool capable or appropriate for doing so. 
 

 

9.2 Recommendations 
 
The investigation of the nature of infrastructure integration practice and the performance of PSMs 
in supporting it has yielded a series of insights into the planning conditions that are supportive of 

achieving enhanced integration outcomes. This section articulates these insights as 
recommendations for those looking to cross-sectorally integrate infrastructure systems. 
 
Preparatory stages 
Based on the experience gained in exploring the suitability of PSM use in integration practice in 
Chapter 6 (‘Intervention’), a list of questions is provided here in table 21 as a guide for the 
preparatory stages in considering the use of PSMs for supporting cross-sectoral infrastructure 
integration projects. 
 
Table 21. Guiding questions for determining whether PSMs should be considered for use in infrastructure 
integration practice 

Guiding questions for integration process: Rationale 
1. What knowledge gaps affect the project? This provides clarity of the purpose of an intervention. 

The starting point for use of PSMs or any planning 
support for integration practice should be needs-driven. 

2. What capacity for influence of different 
project stakeholders has to be engaged? 

This provides an initial indication of who should be 
engaged in the integration process.  

3. What impacts are required in the integration 
practice dimension of: relevance, feasibility, 
insight, communication, consensus, and 
commitment? 

This will provide an indication of whether or not PSMs 
will provide useful support to the integration process, 
especially if impact across several dimensions is 
required. 

4. Are PSMs suitable and appropriate for 
responding to project needs? 

This requires consideration of pace, context and 
preferences of participants that would be involved in the 
PSM intervention. 

 
Choice of PSM technique 
If a decision is made to make use of PSMs in systems integration, it is followed by a more 

detailed consideration of the intervention design. This specifically requires reflection about the 
choice of PSM technique to be used. Even though the four PSM interventions into infrastructure 
integration projects for this research each made use of of an adapted version of Ackermann and 
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Eden’s (2013) causal mapping, this thesis does not mean that PSMs should be applied as 
planning support for all integration practice, nor a specific technique as the PSM of choice. 
 
Instead, it is argued that the use and design of PSMs in infrastructure integration practice should 
be driven by purpose. As Mingers (2001) explored, PSMs can fulfil several purposes throughout a 
project’s lifecycle, including appreciation of a problem context, analysis of solution options, 
assessment of risks, to taking action. As Yearworth and White (2013) later outlined, where the use 
of PSMs is deemed appropriate, the selection and design of the technique used should be 
informed by considerations of their key features, rather than a rigid selection approach from a 
predetermined set of decision support tools.  
 
Cross-sectoral integration: principles for practice 

Six principles are proposed as guidance for the practice of cross-sectoral infrastructure 
integration: 
 

1. Establish a clear value proposition for integration; 
2. Make explicit what goals are supported by resource reduction; 
3. Make explicit the relationships between different problem-solution aspects; 
4. Engage those who have significant capacities for influence; 
5. Facilitate relationship-building between infrastructure stakeholders; and 
6. Use differences of opinion as an opportunity for learning. 

 
PSMs for integration: principles for practice 
In cases where it is decided to use PSMs to support integration practice, eight principles are 
recommended to inform and guide their use: 
 

1. Adapt PSM design for their specific purpose; 
2. Be creative in adapting PSM functionalities and processes; 
3. Recognise that collaborative, visual approaches are not compatible with all practitioners;  
4. ‘Tidy’ PSM system maps if they are to be used post-workshop; 
5. Use PSM systems maps iteratively; 
6. Use digital platforms for systems mapping; 
7. Consider the use of external facilitation; and 
8. Reflect on methodological lessons and identify improvements. 
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9.3 Research quality 
 
This research used ‘trustworthiness’ and ‘authenticity’ criteria to inform methodological decisions 
affecting the quality of its critical realist data collection and analysis. This section revisits table 22 
from Section 2.5 (‘Research quality’) that originally outlined the actions taken in this thesis to meet 
these criteria. It is used here to reflect on some of the challenges and considerations that 
emerged from the practical research process, and which are believed useful for informing the 
research investigating planning practice (see table 22).  
 
Table 22. Research quality challenges and considerations developed from this research 

Criteria Guiding question Notes 
Trustworthiness   

Credibility 
Did the research allow 
for triangulation of data 
sources? 

Much of the data used to investigate the challenges of 
integration practice and outcomes of intervention are 
based on individuals’ accounts of their experiences. 
These can be challenging to triangulate. Where 
possible, multiple interviews were undertaken with the 
same individuals to assess whether initial 
contributions had been correctly understood. Where 
possible, interview contributions were triangulated 
with other data sources, and multiple data analyses 
used for corroboration. From a critical realist 
perspective, a challenge for triangulation arises where 
not all outcomes in the Actual domain are perceived 
in Empirical domain. There may therefore not always 
be sufficient data points to enable triangulation, even 
if the observations and experiences are valid. Hence, 
critical realist research can resort to using single data 
point for evidence of experiences as events and 
outcomes, provided that it is acknowledged that any 
findings remain indefinitely open to contestation and 
rejection. 

Transferability 

Does the research 
clarify to what degree 
findings can be 
generalised across 
different contexts? 

From a critical realist perspective, all postulated 
mechanisms remain candidate mechanisms. The 
conclusions about outcomes (both in terms of 
experienced challenges and impacts of PSM use on 
intervention) have to be grounded in an appreciation 
of their context. In this thesis, findings and 
conclusions are grounded in the context of expert-led, 
commercial planning practice. Notably, the use of 
BuroHappold as a single supra-case study should be 
taken into account when interpreting the findings. Its 
practitioners are typically used to working in multiple 
team environments, and are likely familiar with 
concept of integration (as it is part of the company’s 
historical brand). 

Dependability Did the research adopt 
an approach where 

The reliance of retroduction on rich description of 
events and iterative analysis makes it a challenging 
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records were kept for 
future auditing? 

research strategy to apply in a thesis that has a word 
limit. In order to balance depth with breadth, all 
research data and analysis are available upon 
request.  

Confirmability 
Did the research aim to 
act in as unbiased a 
way as possible? 

No additional reflection was developed on this 
research quality criterion. 

Authenticity   

Fairness 

Did the research allow 
for fair representation 
of subjects and social 
setting? 

As a consequence of the effort invested as an EngD 
researcher to become a member of the BuroHappold 
community, the researcher was able to mitigate some 
of the reactive effects where workshop participants 
adjust their behaviour that are sometimes 
experienced in participant observation. Long-term 
participant observation is therefore a major 
consideration for researching the impact of PSMs on 
practice. 

Ontological authenticity 

Does the research help 
participants arrive at a 
better understanding of 
their environment? 

No additional reflection was developed on this 
research quality criterion. 

Educative authenticity 

Did the research help 
participants appreciate 
perspectives of other 
actors? 

No additional reflection was developed on this 
research quality criterion. 

Catalytic authenticity 

Has the research acted 
as an impetus to 
participants to engage 
in action to change 
their circumstances? 

A challenge was encountered in determining whether 
the needs of the industrial sponsor were sufficiently 
met, as the action research approach made changes 
to the circumstances throughout, and messy 
problems of practice as never ‘solved’ (Yearworth et 
al. 2013). 

Tactical authenticity 

Has the research 
empowered 
participants to take 
steps required for 
action? 

A challenge was encountered in determining the 
appropriate format for dissemination of lessons learnt. 
The researcher will undertake an educational 
workshop with its participants at the conclusion of the 
research project. 

 
The primary actions that could have improved the quality of the research findings and 
contributions would have focused on greater diversity in data sources (i.e. interviewees, workshop 
participants, project documentation). Assessment of the impacts of PSMs on the effectiveness 
and efficiency of practice would have benefited from more diverse participation in the intervention, 
collection and analysis of time and cost dimensions, and more longitudinal data. These are 
highlighted as areas for further work in following section.  
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9.4 Further work 
 
A number of areas for further research are identified to address knowledge gaps and further 
support the development of cross-sectoral integration practice. It also raises opportunities for 
exploring related implications for the wider fields of planning practice and PSMs. 
 
Infrastructure integration 
Three areas are proposed for further research on the practice of infrastructure integration. First, it 
is suggested that the performance of PSMs for integration practice is tested in alternative 
contexts. This would include their more inclusive use with groups of technical sector experts, 
other planning practices, and wider city stakeholders such as city utility operators. It would also 
generate additional insights into the influence of participant backgrounds on the performance of 

PSMs in impacting on communicating and insight enhancements. 
 
Second, as a major challenge encountered in integration practice comprises the incorporation of 
social dimensions, such as stakeholder objectives, into analytical processes, it is proposed that 
the impact of their incorporation into the content of a PSM systems map onto stakeholder insight 
is investigated. This would involve layering information into the (likely digital) maps that captures 
the sectoral affiliation of the participants making specific contributions and link this to their areas 
of interest, areas where the perceive risk, etc. 
 
Third, integration is not a bounded exercise but instead an ongoing process of diverging and 
converging contributions. It is possible that seemingly small changes in a cross-sectoral 
budgeting approach could set in motion future events that lead to changed infrastructure 
investments leveraging reduced waste levels. It is therefore proposed that further longitudinal 
data is collected on the integration projects introduced, as well as new ones in order to enable 
further explication of events that could shed light on the long-term transition process towards 
more circular urban development models. 
 
Planning practice 
One suggestion is made for further research exploring on the possible implications of this thesis’ 
work for planning practice more generally. It is proposed here that future work explore the utility of 
PSMs for strategic urban planning practice more generally. From an ontological point of view, the 
postulated Real domain entities, structures, and mechanisms are likely to also be activated during 
other planning activities. As the influence of contextual conditions is paramount, however, it needs 

to be tested whether PSMs can similarly enhance the effectiveness and efficiency of planning 
practice in the context of other planning challenges. It is proposed that their utility is tested in 
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contexts where these challenges span traditional boundaries, such as active transport planning 
for health improvements. 
 
PSMs 
A final suggestion is made for further research exploring the more general implications for PSMs. 
It is proposed that the long-term impact of PSMs on the ways of ‘thinking’ of workshop 
participants is explored. The interest is in investigating if their use of systems-based approaches 
results in more enhanced ‘systems thinking’. Several participants in the workshops undertaken for 
this research commented on the ways that the workshops had changed their thinking, but more 
evidence of this impact in the long-term is required. If such an evidence-base of such impact and 
the mechanism by which it is achieved can be created, it open opportunities for exploring the 
ways by which PSMs can be used as pedagogical devices to develop planners’ capabilities for 

holistic and systematic analysis. 
 
 

9.5 Final remarks 
 
Global and local drivers for greater cross-sectoral integration of infrastructure systems are set to 
remain, and will likely become more prevalent in the foreseeable future. Resource scarcities are 
projected to increase, budget availabilities are likely to be constrained; there are increased 
pressures for diagonal accounting; and shifts towards new models of shared responsibility in 
resource allocation are expected. Emerging and changing city paradigms of smart cities and 
circular cities development are similarly likely to sustain interest within the urban planning 
community in the value propositions for the cross-sectoral integration of resource set. 

 
For such innovative and integrated approaches to infrastructure development, planners need to 
engage multiple disciplines and multiple stakeholder groups, managing both product-based and 
process-based expectations throughout the planning process. Systems thinking will likely remain 
a popular proposal as a philosophical framework with which such planning projects and 
challenges will be suitable approaches. The use of PSMs, like those used and adapted in this 
thesis, and other developments in the OR field can offer significant support to planning practice in 
developing methods and processes that are grounded in such systems thinking. This thesis is 
well positioned to contribute to the development of a renewed relationship between the fields of 
urban planning and OR by having highlighted the value of their cross-fertilisation in practice. 
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Appendix A: Interview guides 
 
 
I. Interview guide for understanding integration challenges and 
practice 
 
 
0. Preliminaries This is a recorded interview with: 

Conducted on: 
Time: 
At: 

 
Consent form and information sheet? 
Questions? 
Signed? 
Please remember that if you don't feel comfortable, you can 
stop the interview at any time. 

 Introduction We will discuss the idea of thinking across traditional sector 
boundaries to achieve more efficient urban development. 
We will begin with general project background and details. 
The focus is on your experiences and perspective. 
We will end with some reflections on the effectiveness and 
efficiency of the way we approached and execute the project. 

 
1. Project background To start with, just some initial questions to understand 

what this project was about and who was involved. 
 Project brief and 

background 
Briefly describe project brief and background 
What was project scale? 
What was the timeline of the project?  
Its status? 

 Project team & stakeholders What was the consultant’s role? Did it change?  
Who was involved in the project (internal + external)? 
Who was the project lead? 
When and how you were personally involved? 

 Resource efficiency The focus of this research is on projects that in some way 
take overall resource efficiency on board. Explain where and 
how resource efficiency featured. 

 Complexity impressions Anything in particular make this project complex? 
 
2. Process & practice of 

integration 
This research is really interested in learning about the 
experiences you’ve had with cross-sectoral approaches 
to infrastructure planning. 

 Cross sectoral features What disciplines were involved? What sectors? (3+) 
What cross-sectoral, cross-boundary relationships, exchanges 
and integration were part of this project? 
What was the nature of integration? Spatial, physical, 
exchange? 
Could a more ambitious integration feature have been 
included? 

 Integration approach Integration can be a mysterious process. Can you describe 
the approach the team took, the sequence of key decisions?  
Was there a clear rationale for how approached? Was there 
an evolution of ideas? 

 Coordinators? Was there an individual or group(s) that was critical to the 
process? What did they do? 



 

 

 Information What were the critical pieces of information? 
Were there any critical steps or bottlenecks in the integration 
process? 

 Tools What tools were used? Excel? MFA? Simulation? Financial 
modelling? How were they used? Who developed them? How 
important? 
Can they be used on future projects? 

 Integration difficulties & 
challenges 

How easy was the cross-sectoral approach?  
Major challenges? Barriers?  
Did anything happen you did not foresee? 

 Communication How did the team communicate across groups?  
Were there any language or jargon problems, perhaps some 
misunderstanding? 
Were there any problems of information sharing? 

 
3. Product quality Next some questions about the final ‘product’ of what the 

team delivered 
 Format Could you describe the format of the final deliverables? 
 Workability How workable was the content? How feasible to implement? 

Where and how do you foresee issues? Legal? Financial, 
institutional? 
What was at the root? Lack of clairty? Lack of trust? 
Any uncertainties in assumptions you are worried about? 

 Clarity Clear action-outcome links? 
 Novelty How novel? What was innovative? 
 
4. Process 

 
Now some of your reflections on the coherence and 
relevance of the project work 

 Clarity and insight in 
strategy development 

Were the project overall strategic objectives clearly 
articulated? Where? 
What were the key issues being addressed? 
Do you think there was a difference in the degree to which 
different members viewed & understood problem structure 
and assumptions? Did this matter? 

 Clarity of integration 
purpose 

What were drivers for resource efficiency? 
To what extent is the strategic purpose of integrated 
infrastructure projects articulated? 
Was the link between them and the overall project objectives 
articulated? 

 Process of articulation What process did you go through to articulate these? 
What techniques are employed for their articulation? 
Who was engaged in their articulation? 
Were anyone’s views excluded? Did it matter? Is there 
anyone you would have included or excluded for the project? 
(expert/non-expert) 

 Disagreement Was there any disagreement between project members? 
Why? 
Would you say the project had a political dimension? 

 Conflicting interests Do you think there were conflicting interests? 
How was this addressed?  
Problems of political opposition or lack of buy-in? 

 Product relevance How effective was product in addressing issues? 
 
5. Long-term perspective Likelihood of success beyond the project 
 Commitment Is there a sense of group beyond project handover?  

How deep was ownership by client? 
 Legacy Is longevity is expected?  



 

 

Who controls and drives future development? 
Did the client see the whole holistic systems perspective on 
interrelations of issues? Would it matter? 

 Context What was particularly influential about context? 
How would you describe pre-existing degree of 
fragmentation? 

 Learning What was learned? How shared was the learning? 
 
6. Final reflections Some final reflections and then we’re finished 
 Project efficiency What do you think about the efficiency of the way we 

executed the project? 
Could it have been improved, how? 

 Learning What they think we could learn from the project? 
 Skills Any specific skills you think we should develop? 
 Product-process balance Do you think we handle process and product equally well? 

What value did we add? 
Is there something specifically essence of BH here that would 
not have been found elsewhere? 

 Collaboration Could a more collaborate approach have been taken and 
would that have been useful? 
Feasible? 
Palatable? 
How could this be addressed? 

 Systems thinking Are you familiar with ideas of systems thinking? 
Do you know how to make use of it on projects? 
Would it have been useful? Was it useful? 

 
7. Conclusion  
  Is there anyone else to interview about this project? 
  Can I have access to project documentation? 
  Has this triggered thoughts about other relevant projects 

about cross-sectoral integration? 
  What is your sectoral background, seniority, age, number of 

years employed/in group? 
  Thank you very much for your interview. 

This was part 1, next will be an analysis of the critical themes 
across other projects.  
Then part 2 will involve testing some ideas of how systems 
models can be used in group settings to help us improve both 
our effectiveness and efficiency. 
Any additional comments, please feel free to contact me. 
Thank you very much for your time, I hope you enjoyed the 
discussion. 

 
  



 

 

II. Interview guide for evaluating the impact of PSMs in 
integration practice 
 
Outcome 
dimension 

Keyword Questions 

Relevance Relations between problem 
elements 
 

How clear is your understanding of the 
problem? How does the solution respond? 

 Feedback 
 

Are there any critical feedback loops? 

 Distinctiveness Is there something distinctive about cross-
sectoral proposition? 

Feasibility Action  Has PSM process given insight into the 
possibilities that BuroHappold has in 'steering' 
the problem? 

 Feasibility How implementable/feasible is the proposed 
integration strategy? 

 Specificity How specific are the ideas? 
 Clarity How clear is the action-outcome link? 
 Issues 

 
What remains unclear wrt the causes of the 
problem, the underpinning issues etc? 

Insight Understanding problem. Has agent insight into the problem increased 
due to the PSM process? 
Has PSM process given agent more insight into 
the cohesion between the elements that 
compose the problem? 

 Reusability Would you reuse the output? 
 Effectiveness 

 
Has PSM process given more insight compared 
with normal meetings? 

 Efficiency 
 

Has PSM process given insight more quickly 
compared with normal meetings? 

   
Communication Understanding others Does the agent feel that the PSM process 

aided in the understanding of the opinions of 
the other participants? 

 Fairness Does the agent feel that some persons 
dominated the discussions? 

 Effectiveness  
 

Does the agent feel that the process resulted in 
a better communication between participants? 

Consensus Shared meaning  
 

Does the agent feel that because of these 
meetings, we have reached a shared vision of 
the proposition of integration? 
Does the agent feel that because of these 
meetings, we reached a shared understanding 
of the problem? 

 Insight into interests How clear were other agents' interests? 
 Efficiency Does the agent feel that the use of PSMs rise 

gave more quickly to a shared vision between 
participants? 
Are there shared principles for integration? 

Commitment Problem-responsibility 
 

Does the agent support the 
conclusions/findings that were drawn during the 
PSM process, in general terms?  
Does the agent support the 
conclusions/findings that were drawn during the 
PSM process, in general terms?  



 

 

Does the agent feel willing to convince others in 
their organisation of the importance of these 
conclusions? 

 Accountability Does the agent have a tendency to uphold the 
conclusions/findings of these meetings in front 
of other members of their organisation? 

 Effectiveness 
 

Does the agent feel the PSM approach give 
rise to more commitment of participants? 

 Efficiency Does the agent feel the PSM approach give 
rise more quickly rise to commitment of 
participants 

  



 

 

Appendix B: Research participant consent form  
 

 
 

University College London, Gower Street, London WC1E 6BT 
Tel: +44 (0)20 7679 2000 
email@ucl.ac.uk  
www.ucl.ac.uk   

 
 
 

Consent Form for Interviews Investigating the Practice of Infrastructure Integration 
 

Thank you for your interest in taking part in this research. If you have any questions arising from the 
verbal explanation given to you, please ask the researcher before you sign the consent form. 
 
The purpose of this document is twofold: 

x Consent to a recorded interview 
x Describe the conditions agreed regarding the use of the recordings and detailed notes 

and quotes resulting from these interviews 
 

The Interviewee agrees as follows: 
I consent to participating in a recorded interview. I have been made aware of the procedure to be 
followed. I understand I may withdraw from the process at any time. 
 
I understand my name will not be disclosed without my permission. 
 
I understand that the interviewer will create detailed notes with selected quotes of the recordings 
which I will have an opportunity to approve prior to it being used for scholarly purposes. The recording 
and notes will be deposited at the UCL archive. I understand that such information will be treated as 
strictly confidential and handled in accordance with the provisions of the Data Protection Act 1998. 
 
I understand that I am giving the interviewer the right to use an make available the content of the 
recorded interview in the following ways: 

x Reputable scholarly research 
x Use in educational establishments, including use in a thesis, dissertation or similar 

research 
x Public lectures or talks 
x Use in publications 

 
Interviewee 
 
Signed: _________________________________ Date: __________________________ 

 

(Print name): ____________________________ 

 

Organisation: ____________________________ Position: _______________________ 

 

Email : _________________________________ 

 
 
Interviewer: 
Signed: ________________________________ Date: __________________________ 

 

(Print name):  ___________________________ 

LONDON’S GLOBAL UNIVERSITY 



 

 

Appendix C: Codes for data analysis 
 

Category Code Subcode 

Structural   

   Agent attributes  

      Capacity to act 

  Personality 

      Power 

   Context - pressures  

      Accountability 

      Commercial 

        BH evolution 

        BH USP 

        Commercial - resources 

        Product - service 

  Culture 

  Institutional context 

  Legitimacy 

  SI driver 

  Brand 

   Cost 

  Innovation 

  Long-term sustainability 

  Stability security 

  Values 

   Distributed nature  

   Fragmented nature  



 

 

   Goals  

      Goals hierarchy 

   Issues  

   Risk  

   Synergies  

  Spatial 

  Type I 

  Type III 

   Visions  

   Agent world view  

  Individual agendas 

Practice   

   Knowledges  

   Project phases  

  Feedback 

  Pace 

   Tools  

      Diagrams 

   Ways of working  

  Client interactions 

  Disciplinary expertises 

  Meeting design 

  Project Team communication 

  Knowledge transfer means 

  Project team structure and stability 

  Project leader as integrator 

  T-people culture 



 

 

  Workshop use 

Emergence - 
state - 
outcomes 

  

 Process - Buy-in  

 Process - clarity of 
objective  

 Process effectiveness  

 Process efficiency  

 Product longevity  

 Product novelty  

 Product quality  

 Shared interests  

 Shared language  

 Shared meaning  

Challenges   

 Unclear objectives  

 Conflicting objectives  

 Lack buy-in social 
ownership  

 Ways of working  

  Lack of information 

  Over-complicate 

 Technorational mindset  

 Commercial culture  

 Solution driven  

 Black box  

 Boundary definition  

 Short-termism  



 

 

 Notion of success  

Processes   

 Analysing  

 Assembling strategy  

 Assuaging risk 
perception  

 Building relationships  

 Changing world view  

 Dialogue-ing  

 Exploring options  

 Facilitating  

 Identifying 
opportunities  

   Information integration  

 Information sharing  

 Learning  

 Managing risk  

 Overcoming 
fragmentation  

 Realigning objectives  

 Representing problem  

 Revealing big picture  

 Sense-making - 
collective  

 Setting direction  

 Testing assumptions  

 Understanding problem  

Evaluation   

 Performance  



 

 

  Facilitations - ext or int 

  Group sizes small large 

  Interaction workshop, distributed 

  PSM mode - active discreet 

  Set up elaborate, simpler 

 Understanding  

  Commitment 

  Communication 

  Consensus 

  Feasibility 

  Insight 

  Relevance 

 Improvement  

  Additional information layers 

  Early value 

  Facilitation 

  Post exercise utility 

  Preparation 

  Timing 

  Functionalities increases 

  Legibility 

  Set up, software 

  Support for use novices 

 Recommendations 
offered  

  Accountability 

      Effectiveness 

      Efficiency 



 

 

 
 


