
 

Taking nD modelling to the next level: Methodological issues associated 

with the development of a Regeneration Simulator Workbench 

Amanda Marshall-Ponting 

Research Institute of the Built & Human Environment, University of Salford,  

Maxwell Building, Salford, M5 4WT, UK. 

Email: a.j.marshall-ponting@salford.ac.uk 

Abstract:  

The multi-disciplinary SURegen project is aiming to develop a digital decision support aid 

that will capture good practice in sustainable urban regeneration (SUR) and support 

regeneration training and education for practitioners.  It will achieve this through the 

modelling of the regeneration process, the identification of key decision points and the 

simulation of various decision outcomes.  This paper will outline the research methodology 

that is planned for the project as a whole and for the technical development of the digital 

support aid, the Regeneration Simulator Workbench or RSW, and provide justification for 

these approaches within the context of antecedent research projects.  Based upon the 

experiences of these previous projects, the paper will also present some of the difficulties that 

can be anticipated when conducting multi-disciplinary research. 
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1. Introduction 

The SURegen project, funded by the UK’s Engineering and Physical Sciences Research 

Council’s Sustainable Urban Environments 2 program to a total of £2.3 million, is a four year 

project that aims to address the regeneration skills gap by developing a regeneration 

simulation tool to enable better understanding of the regeneration process and support 

decision making.  The project will be informed by the experiences of two recent projects in 

particular, the EPSRC funded From 3D to nD Modelling project and Intelcities an European 

Framework 6 Integrated Project.  This paper will outline the contributions that nD modelling 

has made in influencing the conceptual approach and its implications for SURegen on the 

technical development, supported by some of the experiences of developing integrated 

systems for decision making, simulation and information provision and show how the 

concept of nD modelling will be developed by the project and applied at the neighbourhood 

scale. 

1.1. Regeneration processes and challenges 

The change in policy for urban regeneration in the UK since the early 1950s (Ball & Maginn, 

2005) was driven in part by the realisation that mass slum clearance and property 

redevelopment failed to eradicate poverty and had in fact led to a loss of communities 

(Young & Willmott, 1957) and in many instances just moved the problem elsewhere.  By the 

late 1970s it had become accepted that social problems needed to be tackled in the places 



where they existed and that housing was one issues of many.  This approach is evidenced by 

the Government’s Neighbourhood Renewal Strategy which aims to address deep seated 

problems by taking a longer term and more sustainable approach to quality of life issues by 

delivering economic prosperity, better health, safe and secure places and high quality schools 

(ODPM, 2003).  As such, more holistic views about urban regeneration are now taken, with 

Roberts and Sykes (2000) describing it as a “comprehensive vision and action which leads to 

the resolution of urban problems and which seeks to bring about a lasting improvement in the 

economic, physical, social and environmental conditions of an area that is subject to change”.  

However, there is little consensus about how to achieve lasting and sustainable regeneration 

or the meaning of sustainable urban development (Palmer et al, 1997): In fact, there is greater 

agreement that urban regions characterised by high levels of deprivation, crime, derelict 

buildings and disorder are clearly unsustainable (Wates, 2005; Ekins & Cooper, 1993).   

 

Fig. 1.  RENEW NW’s ‘Egan Wheel’ for sustainable communities (RENEW NW, 2005) 

The complexity, uncertainty and ambiguity about how to deliver all these aspects in an 

integrated way is a huge challenge, especially in light of the skills and understanding gaps 

that have been identified but that such a task requires (Deakin et al, 2007; Curwell et al, 

2005; Egan, 2004; Bentivegna et al, 2002).  Due in part to insufficient evidence indicating 

whether regeneration interventions contribute to or detract from sustainability, decisions are 

often made without understanding of their full implications.  The Egan Review (2004) 

confirmed the existence of a skills gap among urban regeneration professionals and the need 

for effective teams and interactions between the key organisations and individuals involved in 

the processes and across the public, private, voluntary, community and academic sectors for 

SUR to be successful.  RENEW Northwest (2005) developed the eight point Egan wheel for 

sustainable communities, as shown in figure 1, and identified that the three skills gaps that 

need tackling are the discipline based technical skills needed to deliver SUR,  the 



collaborative skills required to deliver integrated multi-disciplinary working between 

disciplines working on SUR, and the engagement and visioning skills needed to identify and 

achieve the goals common to professionals, elected members and the general public.  The 

Egan Review itself concluded that to achieve measurable improvements in the communities 

that they serve, individual professions and disciplines could be left to deliver their own 

domain skills but that there was an urgent need for people with higher level generic, cross-

cutting skills.  The RSW is seen as a tool that, by fostering a holistic approach to 

consideration of all the dimensions involved in urban regeneration and their implications 

upon decisions, could help support the development of these skills and knowledge 

1.2. SURegen project aims and objectives 

The overall aim of SURegen is to explore the concept and reality of a digital tool that is able 

to meet the decision-making challenges that regeneration poses, to practitioner stakeholders 

in the first instance.  The Regeneration Simulator Workbench (RSW) will hold good practice 

knowledge about sustainable urban regeneration (SUR) allowing it to function as a library of 

good practice that could be used for education and training purposes and a learning laboratory 

to support professionals and other stakeholders to understand not only the regeneration 

process and its key decision points, but also to explore some of the impacts of these decisions 

through the running of ‘what-if’ scenarios.  As a multi-perspective tool providing a shared 

workspace, the RSW will enable regeneration team members to collaborate more effectively 

due to access to the following: 

• Simulations of the regeneration process.  In the early diagnosis and visioning phases 

this will allow professionals to gain experience of decision-making before they enter a 

live regeneration environment and allow them to transfer good practice to help fill the 

skills gap;        

• Identification of the main regeneration process decision points.  This will allow better 

understanding of regeneration dynamics, potential decision outcomes available at 

each point and some of the management and planning implications ahead of full cost 

implementation; 

• Team building and stakeholder engagement support (including businesses and 

citizens) to diagnose the regeneration need, continuously develop and update the local 

vision and develop scenarios and indicator requirements;  

• Advice about the most suitable available assessment tool for evaluating alternatives at 

key regeneration process decision points against the vision, scenarios and indicators 

appropriate to delivering the most mutually satisfactory SUR outcome. 

By providing this knowledge it is anticipated that the RSW will help to close the skills gap 

identified by the Egan report (2004) as above in section 1.1.  This will be achieved by 

construction of the RSW and its ontology around the core set of regeneration competencies 

included in RENEW Northwest’s eight point development of the ‘Egan Wheel’ for 

sustainable communities. 

2. Technology 

Buxton (1994) describes a model as an abstract representation of a portion of a system that 

consists of the concepts, objects, relationships, capabilities and reactions that are important to 

the perspective addressed by the model, and models are used to explain the operation and 



underlying concepts of systems that are too complex to be otherwise understood.  

Visualisation and simulation technologies have been used for a number of years to present 

urban design plans, but current simulation models are limited in their ability to accurately 

predict future social, economic and environmental outcomes due to the complexity, 

uncertainties and ambiguities surrounding urban decision-making and the lack of applications 

based upon an integrated urban data model or ontology.  Applying the ‘MoSCow Rules’ 

(Avison & Fitzgerald, 2006; Bell & Wood-Harper, 1998) to user requirements by prioritising 

them ‘must haves’, ‘should haves’, ‘could haves’ and ‘won’t haves’ is one method that can 

help to overcome the different and potentially conflicting viewpoints of the multiple 

stakeholders involved in planning and help implement all their requirements in one 

development lifecycle.  The SURegen project aims to overcome these issues by both 

prioritising user requirements according to the MoSCow Rules in the modelling and matching 

methodology and use an urban data ontology in the development of the RSW.   

2.1. n-Dimensional modelling 

The EPSRC funded From 3D to nD Modelling project outlined and developed the concept of 

multi-dimensional modelling based on the building scale, and demonstrated that it was 

technically possible to integrate the numerous data sets relating to these dimensions to model 

what-if scenarios even with data that was not ‘spatial’ or geometric in nature.  An nD model 

is defined as the development of the conventional 3D geometric model of length, width and 

depth to include any and an infinite or n number of dimensions that might be of relevance to 

the design, construction, maintenance of the building, i.e. its whole lifecycle, such as crime, 

lighting, thermal dynamics, safety, whole life costing and accessibility to name a few.  The 

aim was to enable seamless communication, simulation and visualisation to demonstrate 

fitness for purpose for economic, environmental, building performance and human usability 

in an integrated manner.  The nD tool prototype builds on the Building Information Model 

(BIM) concept and is IFC based and the prototype model integrated lifecycle costing, 

acoustics, environmental impact, crime and accessibility data and showed how different 

design priorities could be tuned up or down depending on the viewpoint or individual needs 

of a given stakeholder.  This allows context specificity to be applied to the model: for 

example, different design features would be ‘turned up’ in a model applied to a high crime 

area which would have different knock-on implications to the design as a whole, e.g. location 

of windows, opening direction of doors, use of toughened glass and CCTV and the additional 

cost of these etc.   

The nD prototype has been developed into an nD game which has been used with school 

children who used it to design their ideal school (http://www.ndgame.org/) as children are 

schools’ end users.  This has demonstrated not only the validity of visualisation and 

simulation technologies for educational purposes but the importance of a gaming approach to 

help with comprehension of complex relationships between people or design entities and the 

ability of the model to elicit and make explicit the tacit knowledge that stakeholders may 

possess.  A related aspect of this is the ability of such nD models to facilitate the development 

of holistic thinking among stakeholders involved in complex industries like construction 

which has a long supply chain and is characterised by mono-disciplinary thinking and 

working and a lack of trust, and processes such as regeneration about which there is little 

consensus about the decision making processes and the impacts of these.  Aouad et al (2007) 

argue the nD concept will require a shift in mind set to enable nD modelling from traditional 

modelling and education is a powerful enabler in helping professionals and stakeholders 

become equipped with the right skills.   
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Fig. 2. Regeneration simulator concept (developed from the nD modelling research 

framework, Aouad et al 2007; Lee et al, 2005) 

It is these very benefits that the SURegen RSW wants to realise through the adoption of the 

holistic nD approach and applying it at the neighbourhood renewal scale at the early stages of 

the regeneration programme, i.e. the point at which numerous visions are explored and key 

decisions are taken.  Figure 2 shows the nD modelling research framework, updated from Lee 

et al (2005) to show the four types of knowledge that the RSW should consider and include 

namely knowledge that is embodied, tacit or ‘embrained’, process, and encoded and the 

ability of the user to configure the data based on their individual needs i.e. according to scale 

or design feature.  Whilst it is not anticipated that a regeneration ‘super model’ able to 

simulate all SUR aspects simultaneously could be built during the four years of the project, 

the model will be able to provide more concrete information about physical, economic and 

social outcomes of decision making as a result of the dimensions it is able to collect data on 

and the ontological model underpinning it.     

3. Methodology  

The RSW is aimed at regeneration professionals and knowledgeable non-experts and, whilst 

it will focus upon housing at the neighbourhood scale, its algorithms will enable reference to 

higher and lower scales and dimensions such as health, education and transport in order than 

impacts can be understood on the immediate area and those surrounding it.  In order to 

populate, develop and validate the RSW with its anticipated stakeholder user group, the 

project will need to meet the following project sub-objectives: 

• Capture knowledge of SUR processes and practice from recent research projects, good 

practice examples identified by industrial and public sector bodies, and the experience 

of regeneration from case studies in Greater Manchester; 



• Transform this into actionable SUR knowledge objects or knowledge ‘chunks’ which 

can be learned and assimilated by professionals either through the process of their 

development or after the event as an ‘education’ event mid career 

• Map the SUR neighbourhood renew process and use this to inform an ontology to 

drive the data modelling 

• Select appropriate simulation and assessment tools which can be used to predict the 

outcomes and impacts of regeneration 

• Develop the system architecture to embed selected tools into the RSW’s data structure 

• Construct the RSW using evolutionary prototyping to demonstrate is use in the 

planning and development stages of SUR and validate this with end users in the two 

case study areas  
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Fig. 3. SURegen project structure and knowledge flows 

The four year project is divided into seven work packages as shown in figure 3.  The first two 

years will focus upon the capture and structuring of knowledge, mainly by WPs 1 and 2, in 

order to map the regeneration process based upon current state of the art and theoretical 

underpinnings as well as the collection of user needs and requirements from the case study 

areas.  This data will be detailed enough to allow visioning, scenario exercises and storylines 

to be developed and used and the data to be validated in terms of the potential functionality of 

a digital decision support tool to deliver socially inclusive SUR and the functional 

specifications to be developed into use cases suitable for the development of technical 

requirements.  Years 2 and 3 will see WP3 identifying the issues, indicators and tools that can 

be employed at the key decision points in the regeneration process, as identified by WPs 1 

and 2, and this will help to facilitate the identification of the applications and models required 

to design the RSW workspaces and interfaces, work to be carried out by WP4.  The tacit 

knowledge that is collected and the use case storylines developed by WP2 will be used by 

WP4 for the system design and the development of the data structures and ontology which 



will drive the implementation of the RSW (to be carried out by WP5).  WP6 will see the 

setting up and running of action learning sets comprised of regeneration practitioners who 

will provide knowledge of regeneration as it takes place on the ground in their case study 

area.  This work package will also develop the RSW by validating the user requirements 

against the regeneration process, for their inclusion in prototypes of the RSW, and for their 

actual ability to support decision-making in the case study area.  It is important to stress the 

iterative nature of the RSW development which will take place as a result of both knowledge 

collected by project partners from sources external to the project, through their relationships 

with one another, and from feedback collected via WP6 of experiences using the RSW on 

‘live’ regeneration projects.  

3.1. Technical development – RAD and modelling & matching 

Whilst SURegen has not explicitly stated that the RSW development will take place using a 

Rapid Application Development (RAD) approach, the iterative nature of the RSW’s 

development and the complexity and uncertainties of the data it will be using mean that there 

are opportunities of conceptualising it in this way.  RAD is a systems engineering 

development lifecycle that allows faster technical development at a lower cost and with 

higher quality results than the traditional development lifecycle and it consists of just four 

stages: requirements planning phase, user design phase, construction phase and cutover 

phase, the change from the old to the new system.  Martin (1991) argues that the ability to 

create and modify applications more quickly is one of the most urgent concerns for 

enterprises as this allows them to react more quickly to maximise competitive opportunities 

in the market that developing such applications enables.  Additionally, the pervasiveness of 

computer networks and immediate availability and access to information and desk-top 

decision-making tools shortens decision-making times and the use of ‘quick and dirty’ 

prototypes allowing technical development to be constantly validated with users during 

development rather than being checked at the end of the development which traditionally 

could take 2-3 years.  This means that incremental changes can be made to the prototypes as 

either requirements change or are shown to be inaccurate for some reason or as additional 

functionality is required.  This incremental way of working also allows new components to 

be developed as data becomes available and for concepts/assumptions to be tested if the tool 

is to embody information or knowledge that may be contentious, complex or poorly 

understood.  The RAD lifecycle does not favour one particular technique over another, but 

rather it advocates the use of whichever technique or techniques are most suitable to the 

given problem e.g. process and data modelling, CASE tools, reverse engineering etc., 

although it does favour methodologies that are adaptable to changing circumstances, make 

sense to developers, allow developers to be creative and provide guidelines for success and 

warn of pitfalls (Martin, ibid).   

In line with this iterative development of the technical simulator itself, the methodology by 

which the user requirements will be collected and ‘translated’ into a technical specification 

will also be iterative in nature.  A methodology for the development of complex e-planning 

systems called modelling and matching (Chen, 2007) will be applied which fits the 

characteristics of e-planning systems in the following ways: use of an incremental and 

complex development process, involvement of multiple stakeholders and the interoperability 

of applications.  Chen proposes a four process framework which is underpinned by both 

technically objectivist or ‘hard’ viewpoints, and interpretivist or ‘soft’ viewpoints and is 

iterative in nature.  These four processes are the modelling process during which the social 

context and user needs and available technologies are explored, the matching process by 



which the prioritised system functionality is matched to the available technologies, the 

iteration process and the evaluation process.   

4. Conclusions 

This paper has provided a description of the SURegen project and the iterative way in which 

it will collect user needs and data to develop and validate a decision support tool, the 

Regeneration Simulator Workbench, to help address the regeneration skills gap identified by 

the Egan Review (2004).  It has shown how an RAD approach to technical development can 

be useful when developing tools aiming to support processes that have uncertain and complex 

outcomes and it has shown how a similar approach to prototyping for modelling and scenario 

in the nD modelling project helped to overcome a number of difficulties associated with a 

complex concept. 
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