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Abstract

The increasing complexity of urban environments has exposed the limitations of prescrip-
tive approaches in urban design and planning, highlighting the need for more adaptive,
data-informed, and methodologically rigorous processes. Evidence-Based Design and
Planning (EBDP) offers a promising response by embedding evidence as a continuous and
iterative element throughout design and decision-making. Yet, its adoption in practice
remains uneven, constrained by project limitations, data availability, and the challenge of
operationalising analytical workflows. This paper addresses these challenges by proposing
a transferable framework for EBDP, developed through the review of six realised projects,
ranging from public space enhancements to metropolitan masterplans and policy studies,
undertaken in both professional practice and academic research. Examined alongside exist-
ing theoretical models, these cases revealed recurring patterns that informed the framework.
The resulting model consists of four interlinked phases: clarification and evidence-based
project definition; integration of an evidence base through analysis and modelling; gener-
ation of options synthesising diverse evidence; and evaluations to guide adaptation and
decision-making. Rather than a linear or prescriptive sequence of stages, the framework
uses iteration and flexible feedback processes anchored by a unifying Hybrid Spatial Model
to synthesise evidence, support the generation of design options, and underpin engagement
and feedback processes considering project objectives. This paper offers a systematic yet
flexible framework for EBDP that can be adapted across scales, project types, and contexts.

Keywords: evidence-based design and planning (EBDP); analytical workflows; iterative
feedback loop; hybrid spatial models; space syntax; spatial configuration

1. Introduction

Rather than relying solely on precedent, intuition, orthodoxies, or pre-assumptions,
Evidence-Based Design and Planning (EBDP) incorporates empirical research and analytical
methods in the shaping of the built environment. The growing complexities of urban
planning and design in relation to social, economic, and environmental impacts make
EBDP-grounded approaches increasingly important. Emerging tools and datasets further
support its potential adoption.

Urban Sci. 2025, 9, 457

https://doi.org/10.3390 /urbansci9110457


https://doi.org/10.3390/urbansci9110457
https://doi.org/10.3390/urbansci9110457
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/urbansci
https://www.mdpi.com
https://orcid.org/0000-0002-1461-2599
https://orcid.org/0009-0003-8520-3551
https://orcid.org/0000-0003-3790-0638
https://orcid.org/0000-0001-8435-8381
https://orcid.org/0000-0003-1977-2599
https://orcid.org/0000-0002-4414-2874
https://doi.org/10.3390/urbansci9110457
https://www.mdpi.com/article/10.3390/urbansci9110457?type=check_update&version=1

Urban Sci. 2025, 9, 457

2 of 28

While the theoretical principles of EBDP have gained significant traction, it remains
challenging to translate these into an adaptable process that can be operationalised within
the complex, real-world constraints of professional practice. To do so effectively, it must
remain open to ongoing adaptation, feedback, and evaluation so that it can integrate data
and evidence-informed analysis with insights from stakeholders and experts.

This paper addresses this challenge by asking the following: how can EBDP be
framed for effective use in practice? To answer this question, we compare and analyse the
workflows of six projects, from both mature professional practice and emergent academic
research environments, that are diverse in their scale, context and implications. Through
this comparative analysis, we identify recurring patterns and core methodologies encoun-
tered in the application of EBDP across varied scales and contexts of application. This
work is then synthesised as the basis for a proposed EBDP framework bridging theory
and practice.

1.1. Overview

The integration of evidence into planning and design has a complex historical trajec-
tory, gaining momentum in response to the limitations of both traditional and modernist
paradigms. This lineage can be traced to early ideas such as the ‘diagnosis before treatment’
ethos found in the work of Patrick Geddes, whose survey-analysis-plan methodology
emphasised contextual observations and site-responsive interventions [1]. The influential
critique of mid-20th century modernist urban renewal, in the writings of Jane Jacobs and
Christopher Alexander, further reinforced the need to ground planning decisions in the
empirical reality of urban life rather than ideologically driven modernist paradigms [2,3].
More recently, the scope and ambition of EBDP has been broadened by a confluence of
expanded data availability, advanced analytic techniques, and the emergence of Artificial
Intelligence, giving rise to new paradigms such as the ‘Science of Cities’ [4].

EBDP can be situated within the broader landscape of evidence-based approaches
by distinguishing it from two related paradigms: Research-Informed Design (RID) and
Data-Driven Design (DDD). While all three paradigms share an emphasis on embedding
knowledge into the design process, they vary in how they define evidence, structure work-
flows, and incorporate human judgment. RID, as described by Peavey and Vander Wyst [5],
focuses on understanding specific topics through targeted research and the application
of these insights to inform design intentions. DDD, by contrast, emphasises computa-
tional and algorithmic approaches that use large-scale data sets to generate optimised
design solutions, with minimal human intervention [6]. EBDP synthesises aspects of both
approaches, but places stronger emphasis on iteration and improvement, contextual inter-
pretation, and the use of diverse evidence types, including both qualitative and quantitative
inputs, but particularly obtained through a rigorous, analytical process. The key attributes
distinguishing the three paradigms are summarised in Table 1.

While the boundaries between these approaches are not absolute and often blur in
practice, recognising their conceptual differences is helpful for framing appropriate work-
flows. As computational methods and interdisciplinary research continue to evolve, EBDP
offers a middle ground: sufficiently systematic to leverage formal analytics, yet flexible
enough to incorporate expert judgment, stakeholder feedback, and contextual nuance.

Zeisel [7] outlines four categories of evidence that have been associated with design:
personal experience [8,9], direct observation [10], the reflective writings of designers [11],
and analytical reviews of implemented projects. Though often qualitative, these sources
contribute to a cyclical, feedback-based design process in which initial ideas are con-
tinuously refined; an iterative principle that forms a common thread linking traditional
experiential practices (in the sense argued by Alexander), with contemporary data-intensive



Urban Sci. 2025, 9, 457

30f28

methods. Building on this, Carmona [12] distinguishes between “self-conscious” planning
processes, which are top-down policy-driven interventions shaped by formal constraints,
and “unselfconscious” approaches, which evolve incrementally through adaptive and
more informal decision-making processes. Carmona proposes an integrated planning logic
embedding structured feedback within procedural planning models. His six-stage linear
model—goal setting, analysis, visioning, synthesis and prediction, decision-making, and
evaluation—closely parallels Zeisel’s feedback cycle and supports a more dynamic model
of evidence integration.

Table 1. Overview of analytical methods for design and planning.

. . Research-Informed Evidence-Based Design &
Aspect Data-Driven Design (DDD) Design (RID) Planning (EBDP)
Broad range of evidence
Quantitative data . . genera.ted ozl
Specific case studies and exploration of data, the
Source of Input (e.g., sensors, usage patterns); . : .
prior research literature, expert input,

algorithmic generation and particularly

systematic analytics

Automated, metric-based Insight-led, applying Iterative, evidence-integrated
Process Approach T o : .
optimisation research findings with human judgment
Minimal during Interpretation of research .Act1ve' throughout;
Role of Human Input . . . . evidence interpreted and
design generation to inform design .
applied contextually
. Optimised solutions based Options guided by Refined options shaped by
Design Output . o feedback loop and
on preset metrics research insights .
stakeholder input
: High; agenda evolves as
- Low; agenda fixed by Moderate; dependent on . .
Flexibility SO . evidence is gathered
initial metrics relevance of research cases

and interpreted

In architecture, evidence-based design (EBD) gained recognition in the 1980s, particu-
larly in the healthcare sector where the need to quantify the impact of spatial decisions on
patient outcomes led to a more empirical, outcome-focused approach. This shift produced
a well-established research base [13-16], eventually influencing architectural education
and practice more broadly. However, the translation of EBD principles from architecture to
urban design and planning presents additional challenges. In architecture, the smaller and
more focused scale of intervention allows for greater control, thereby permitting more direct
forms of experimentation and measurement (e.g., post-occupancy evaluations). This is in
contrast to urban-scale projects, which are influenced by multifactorial and emergent forms
of behaviour [1], making assessment more difficult. Additionally, the time lag between
planning, implementation, and use can make it harder to assess and facilitate interventions
based on real-world feedback.

It is necessary to acknowledge the limitations of data-informed approaches in urban
planning. As Marshall [17] and Raford [18] argue, the adoption of quantitative methods in
planning brings with it methodological caveats: the risk of misinterpreting abstracted data,
over-reliance on computational precision, underuse of domain knowledge, and practical
constraints such as limited funding or trialability. These limitations are not necessarily seen
as reasons to dismiss data-informed approaches but serve to highlight the need for critical
and reflective application of quantitative forms of evidence.
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1.2. Emerging Evidence and Toolsets

Several theories of urbanism, originally qualitative, can increasingly be operationalised
through evidence-based methods. Empirical studies now link urban form to health, mobility,
equity, and sustainability outcomes. In parallel, increasingly accessible spatial analytics tools
enable iterative design testing capable of bridging theory with measurable impacts. For
example, emphasis on walkable street networks and coherent public spaces, long inspired
by the work of Lynch [19], Jacobs [2], and Alexander [20], have been validated by studies
correlating street network centralities, density, mixed-uses, and access to green spaces with
factors such as walkability, health outcomes, and environmental benefits [21-25].

These forms of empirical research, emerging toolsets, and analytical frameworks
support the translation of conceptual urban qualities into measurable parameters. For
example, space syntax [26,27], which models spatial configuration in relation to movement,
and Spacematrix [28], which offers a multidimensional framework for urban density
by modelling the interrelation of floor space index, ground space index, and network
connectivity. Similarly, evaluations of urban-scale interventions are increasingly feasible;
for example, an assessment of Barcelona’s superblocks and their impact on reducing
mortality and improved quality of life [29,30]. Likewise, insights into the relationship
between urban form and timely policy interventions are increasingly tangible; for example,
studies confirming the link between compact and walkable forms of urbanism and transport
behaviour in light of emissions reduction, emphasising the important role of urban planning
in addressing climate-change mitigation [31,32].

Despite the growing body of evidence linking urban form to health, environmental,
and social outcomes, these analytical and evidence-informed approaches have yet to be
adopted more broadly by urban design and planning practice. We postulate that this can
be attributed to several interrelated challenges. Firstly, many approaches lack a coherent
spatial theory mapping morphological patterns to observed outcomes. Secondly, the
absence of easily replicable practice-oriented workflows and tools limits the translation of
these insights into design processes that professionals can readily apply. Thirdly, real-world
applications often face practical constraints, including client-driven priorities, limited
resources, and uneven data availability which may hinder the integration of analytical
methods into routine decision-making. As a result, while these theories, studies, and tools
have advanced our understanding of evidence-informed design principles, they have not
yet merged into a replicable methodology capable of shaping mainstream planning and
design practice.

The trajectory of the preceding literature and its relevancy to the continued evolution
of EBDP is summarised in Table 2.

Table 2. Summary of literature on the evolution and trajectory of EBDP.

Theme Summary of Findings
EBDP emerged as a response to both traditional and modernist shortcomings in
urban planning, emphasising empirical observation and contextual understanding.
1. Origins and Evolution Early influences such as Geddes’s survey-analysis-plan model [1] and critiques by
of EBDP Jacobs and Alexander [2,3] shaped a shift toward evidence-grounded design.

Advances in data availability, analytics, and Al have since expanded EBDP’s scope,
contributing to new paradigms like the “Science of Cities” [4].

2. Conceptual Position within
Evidence-Based Approaches

EBDP sits between Research-Informed Design (RID) and Data-Driven Design
(DDD). While RID focuses on targeted qualitative research [5] and DDD relies on
computational optimisation [6], EBDP integrates both, combining quantitative
analysis with expert judgment and stakeholder input. It promotes iteration,
contextual interpretation, and feedback as key mechanisms of design.
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Table 2. Cont.

Theme

Summary of Findings

3. Operationalisation and Tools

Theories by Lynch [19], Jacobs [2], and Alexander [20] on urban form, legibility,
and human-scale design have been increasingly validated through analytical
methods linking form to outcomes such as health, mobility, and sustainability

[21-25]. Tools like Space Syntax [26,27] and Spacematrix [28] translate these
theories into measurable parameters, enabling practical assessment of
interventions (e.g., Barcelona’s Superblocks [29,30]).

4. Ongoing Challenges
and Limitations

Despite theoretical and technological progress, EBDP remains difficult to apply
broadly in professional practice. Key barriers include: (1) lack of coherent spatial
theory linking design to outcomes, (2) limited availability of replicable,
practice-oriented workflows, and (3) practical constraints such as resources,
timelines, and data availability [17,18,31,32]. These issues highlight the need for
adaptable frameworks that balance analytical rigour with contextual flexibility.

2. Methodology

While challenges such as data complexity, skills gaps, and project constraints may
hinder wider adoption of EBDP in practice, the provision of a coherent framing may help to
guide the broader understanding and adoption over time. This leads to a central question:
How can EBDP be framed for effective use in practice?

To aid in answering this question, we provide a comparative review of real-world
projects that have employed evidence-based approaches. A dual-perspective analysis
draws on two distinct contexts of application to explore the potentially diverse ways
in which EBDP is operationalised under real-world constraints. The first perspective is
taken from established professional practice, represented by Space Syntax Limited (SSL), a
consultancy spun off from UCL (University College London) in 1989. The SSL cases offer
insight into how EBDP methods are developed and applied under the commercial and
logistical demands of projects ranging from street-level to metropolitan masterplans. The
second perspective is from an emergent academic context, represented by the Society and
Urban Form (SURF) Lab at the University of Cyprus. The SURF cases offer insight into how
new theories and analytical methods are translated into application through partnerships
with local governance. By examining these complementary viewpoints, we seek to identify
the shared challenges, strategies, and workflows that are used to formulate a generalisable
approach to EBDP in practice.

The selection and documentation of the case studies is guided by several key consid-
erations. First, to support a more generalisable model, projects were chosen to broaden
consideration across varied contexts. Cases were selected from diverse geographical lo-
cations, across multiple scales, and with differing implementation periods. Second, the
projects were selected for their contribution to understanding EBDP through aspects of
technological innovation, methodological development, or enhanced public and expert
engagement. Third, access to these projects was facilitated through the TWIN2EXPAND re-
search consortium (for more information see the note on ‘Funding’ at the end of this article),
which enabled discussions with project representatives. This allowed the reconstruction
of project workflows to understand how they were adapted within professional practice
to account for constraints such as client requirements, limited resources, tight timelines,
and data availability. Finally, projects were selected where sufficient documentation was
available, and details of the projects could be publicly shared.

The projects were reviewed in two stages. Firstly, a high-level review and summary of
each project was compiled, providing an overview comparison of the respective projects
regarding the incorporation of evidence-informed procedures. Secondly, a comparative
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framework was defined through the lens of the preceding literature review to further clarify
commonalities or differences across projects. It is important to note that the examined
cases do not aim to represent the full range of possible scenarios in urban design and
planning. The intention is rather to identify broad, transferable patterns that are commonly
encountered across EBDP projects. Secondly, while EBDP can be applied at multiple scales,
this review focusses on the urban scale, ranging from public spaces to master plans, and
excludes architectural and regional or sub-regional scales, where the complexities specific
to these, fall beyond the scope of this review.

Comparative Framework

The methodologies proposed by Zeisel [10], Carmona [12], and Karimi [27,33,34]
demonstrate a continuous line of research with several elements in common. The models
emphasise the incremental development of design options through reflection on the initial
brief, context, resources, and constraints, supported by expert feedback and evaluation.
These elements inform the following comparative framework, which is used to contrast
application across the selected projects.

A.  Project Vitals and Context.

e  Project Identification: Title, Client, Location, and Year.

e Scale of Intervention: e.g., Street, Neighbourhood Block, City District,
Metropolitan Region.

e  Primary Objective: What was the core problem or goal as defined in the project brief?

o Key Constraints: Were there any notable constraints affecting the project?

(e.g., Budget, timeline, political factors, data availability or quality).
B.  The EBDP Workflow in Action.
1. Clarification & Objectives:
e  How was the initial brief translated into specific analytical questions?
e  What methods were used to clarify the problem (e.g., stakeholder work-
shops, preliminary data review)?
e  What was the final, refined problem statement that guided the analysis?
2. Analysis & Modelling:
e  What specific evidence was generated (e.g., accessibility models, network
analysis, land use metrics)?
e  What primary analytical tools were used (e.g., GIS, custom scripts)?
e  What important insights emerged from this stage?
3. Design & Option Generation:
e  How did the evidence from the analysis stage inform the creation of design
options or strategic principles?
e  Were multiple, distinct options generated to address the problem?
4. Evaluation & Decision-Making:
e  How were the design options tested or compared (e.g., comparative mod-
elling, expert review, public consultation)?
e  Who was involved in the final decision-making process?

e  What was the ultimate outcome or selected design direction?

C.  Iteration and Feedback Loops
This section focuses on the dynamic and non-linear aspects of the process.

e  Presence of Iteration: Did the project workflow include explicit feedback loops where
the team revisited a previous stage?
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e Trigger for Iteration: What caused the iteration? (e.g., unexpected analytical results,
client feedback, negative evaluation of an option).

e  Nature of the Loop: Describe the iterative path. (e.g., “Evaluation results prompted a
return to the Analysis stage to model a new variable,” or “Client feedback on design
options required a return to the first stage to clarify objectives.”)

3. A Comparison of EBDP Projects

This section proceeds with an overview of each project accompanied by a compari-
son according to the above delineated comparative framework. The subsequent section
synthesises the analysis and explores the implications for a cyclical structure of EBDP.

3.1. A Review of Selected Projects Undertaken by Space Syntax Limited (SSL)
3.1.1. Trafalgar Square

The 1998 redevelopment of Trafalgar Square, undertaken by the City of Westminster
in partnership with Foster and Partners, represents an early and influential example of
applying analytical methods to urban design, particularly in addressing pedestrian acces-
sibility within complex urban environments. The project aimed to resolve long-standing
mobility challenges caused by heavy vehicular traffic, which had significantly limited the
square’s use as a public space. Its design process was structured through a sequence of
interrelated analytical and consultative steps, collectively demonstrating one of the earliest
practical implementations of evidence-based design thinking in an urban context.

This case is particularly significant due to its location within the historically and politi-
cally sensitive fabric of central London, where any spatial intervention demands robust
justification supported by empirical evidence and stakeholder consensus. The redevel-
opment required negotiation among diverse actors, city authorities, designers, heritage
bodies, and the public, each bringing different perspectives and priorities. Examining how
the project balanced “hard” evidence (analytical and spatial data) with “soft” evidence
(community feedback and political reasoning) provides valuable insight into how evidence-
based design can operate within real-world governance and planning constraints. The
feedback loops established between experts, communities, and decision-makers not only
ensured legitimacy and responsiveness but also contributed to a sustainable and publicly
accepted design outcome.

The project began with systematic observation of pedestrian movement patterns across
the site. These observations guided the formulation of hypotheses concerning the spatial
and functional underperformance of the square. In parallel, the design team prioritised
a qualitative understanding of the square’s social and historical context. The symbolic
and civic significance of Trafalgar Square, as a central space in London’s public realm,
was examined and integrated into the design rationale. These narratives were not only
interpretive but played a role in framing the design hypotheses.

To test and refine the hypotheses, the team employed an “axial” street network mod-
elling technique to evaluate the spatial implications of proposed design changes (Figure 1).
Given the technological constraints of the period, the analysis was not iterative in a com-
putational sense but focused on targeted refinement to support specific interventions.
However, refinements did occur as part of evaluations and consultations with varied spe-
cialists to inform the final design solution. The space syntax axial analysis, along with
observations and empirical data, served to validate and adjust the design strategy based on
projected pedestrian flows and movement logic.



Urban Sci. 2025, 9, 457

8 of 28

Deliver

Figure 1. Observational study and spatial network models used for Trafalgar square, investigating

the existing and proposed design scenarios [35].

The project incorporated public consultation into its evidence base. Surveys and
exhibitions were used to solicit feedback from stakeholders and the public, providing
further support for the design direction. This integration of public input reinforced the
analytical findings and contributed to the validity of the proposed interventions.

The Trafalgar Square project provides an early example of evidence-based urban de-
sign. It combined both qualitative insights and spatial analysis in a structured workflow cen-
tred on hypothesis generation, targeted modelling, and participatory validation. Despite the
limitations in computational capacity at the time, the project represents notable groundwork
for the incorporation of analytical reasoning into complex public realm transformations.

A summary of the comparative analysis of the project processes is presented in Table 3.

Table 3. Comparative Analysis, Trafalgar Square Redevelopment.

Aspect

Details

A. Project Vitals and Context

Project Identification

Trafalgar Square Redevelopment [35]. Client: City of Westminster. Partner:
Foster and Partners. Analyst: Space Syntax Limited.

Scale of Intervention Major urban public realm/civic square.

Primary Objective

Resolve poor pedestrian accessibility and underutilisation of public space
caused by heavy vehicular traffic.

Key Constraints

Limited computational power for modelling
(late 1990s technological restrictions).

B. The EBDP Workflow in Action

Combined systematic pedestrian movement observation with

Clarification & Objectives qualitative analysis of the square’s social and historical role.

Informed design hypotheses.

Analysis & Modelling

Employed space syntax axial modelling to evaluate spatial implications of
design proposals and predict pedestrian movement flows.
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Table 3. Cont.

Aspect

Details

Design & Option Generation

Analysis used primarily to refine a central design strategy, rather than
generate multiple alternative options.

Evaluation & Decision-Making

Public consultation via surveys and exhibitions. Feedback incorporated into
the evidence base and influenced final design decisions.

C. Iteration and Feedback Loops

Presence of Iteration

Iteration occurred, focused on targeted design refinement rather than
computationally intensive cycles.

Trigger for Iteration Expert review and public consultation.

Nature of the Loop

Feedback loop primarily between Stage 2 (Analysis & Modelling) and Stage 3
(Design & Option Generation).

3.1.2. Darwin City Centre

Commissioned by the City of Darwin and in partnership with Design Urban, Urbacity,
Michels Warren Munday, and Clouston Associates, the Darwin City Centre project was
undertaken with the objective of guiding the strategic extension of the city’s central area in
2013. The design aimed to enhance the utilisation of existing urban assets, improve street
connectivity, encourage higher mixed-use density, and facilitate the emergence of a vibrant
local high street.The methodology combined spatial analysis with iterative modelling and
strategic evaluation, grounded in both professional expertise and empirical evidence (Figure 2).

vvo_la-y“

Stuart High

Ay

Larrakeyah

Army Base

Spatial integration
i \ high
Port Darwin \ Darwin =

0 500 1000m low
e e — 1  Study area

Figure 2. Proposed spatial configuration for the expansion of the city which is structured around
forecast model that cohesively improves numerous parameters [36].

The process commenced with the establishment of key design objectives, informed
by an evaluation matrix built on relevant precedents and disciplinary knowledge. This
matrix served as a framework that shaped the subsequent stages of analysis and design
development. Central to the design approach was an effort to work with the city’s distinct
geographical and environmental characteristics. There was an emphasis on contextually
grounding the proposals by leveraging natural features and existing urban form. These
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attributes led towards a hybrid spatial modelling approach that enabled reviewing of
options reflecting the complex nature of the project.

A significant focus of the project was the enhancement of street connectivity and urban
density within the Central Business District (CBD). To achieve this, spatial models were
developed to simulate both pedestrian and vehicular movement across the network. These
models were used for testing of multiple configurational scenarios, allowing the design
team to assess the opportunities and constraints associated with each option. Through this
process, the analysis informed the refinement of the proposed urban structure. Beyond
spatial analysis, the project introduced an evaluative dimension by constructing an “urban
performance index’. This index assessed the effectiveness of the proposed interventions
against the project’s strategic goals. Additionally, a ‘profit index” was developed through
correlation analysis, enabling the evaluation of the economic viability of the proposed
changes. These analytical tools provided a dual lens, spatial and financial, through which
design options could be assessed.

The Darwin City Centre project methodology aimed to links urban design objectives
with spatial and economic modelling. By structuring the process around testing and multi-
dimensional evaluation, the project provided a decision-support framework for prioritising
development options and aligning these with strategic planning goals.

A summary of the comparative analysis of the project processes is presented in Table 4.

Table 4. Comparative Analysis, Darwin City Centre Project.

Aspect

Details

A. Project Vitals and Context

Project Identification

Darwin City Centre Project [36]. Client: City of Darwin. Partners: Design Urban,
Urbacity et al. Analyst and planning advisor: Space Syntax Limited.

Scale of Intervention

City Centre/Central Business District (CBD) Masterplan.

Primary Objective

Guide strategic extension of the city centre by enhancing asset utilisation, improving
connectivity, encouraging mixed-use density, and fostering a local high street.

The city’s unique geographical and environmental conditions acted as primary guiding

Key Constraints

principles for the design.

B. The EBDP Workflow in Action

Clarification & Objectives

Established key design objectives structured within an evaluation matrix, developed
from precedent studies and disciplinary knowledge, which served as the project’s
foundational framework.

Analysis & Modelling

Developed spatial models simulating pedestrian and vehicular networks. Introduced
two new evaluative tools: an urban performance index (measuring proposals against
strategic goals) and a profit index
(assessing economic viability).

Design & Option Generation

Explicitly supported the generation and iterative testing of multiple configurational
scenarios. Comparison of scenarios directly informed refinement of the urban structure.

Evaluation & Decision-Making

Conducted multi-dimensional evaluation, combining spatial performance models
(movement) with financial metrics (profit index). Provided decision-makers with a dual
framework for prioritising options.

C. Iteration and Feedback Loops

Presence of Iteration

Iteration was a central methodological feature, emphasised as
“iterative testing” of scenarios.

Trigger for Iteration

Driven by systematic assessment of opportunities, constraints, and performance
(spatial and economic) of each option.

Nature of the Loop

Strong cyclical feedback loop across all stages, particularly between Stage 3 (Design)
and Stage 4 (Evaluation).




Urban Sci. 2025, 9, 457

11 0f 28

Survey data

Jeddah plan

Jeddah without slums

Land value survey > ELEDEEILEST ]

Future appointments

Initial appointment Additional tasks

gl Analysis

g Strategy Prioritization

v

study ) N
Spatial design Jeddah without slums
b Stakeholder issues

v

guidelines

v

Settlement specific Settlement specific
design guidelines financial models

building codes

3.1.3. Evidence Informed, Adaptable, Implementation Frameworks for Jeddah’s
Unplanned Settlements

The Strategic Upgrading Framework for Jeddah’s Central Unplanned Areas was
developed as a continuation of an earlier initiative aimed at the incremental upgrading of
informal settlements through enhanced accessibility commissioned by the Municipality
of Jeddah in 2009. This phase sought to refine and operationalise an evidence-based
methodology for spatial intervention, with a particular emphasis on aligning localised
upgrades with broader city-wide strategic planning efforts (Figure 3)..

Pilot implementation | Jeddah plan

Strategic financial P | Land value survey
model

Market assumptions

v

Figure 3. Development of a spatial network scenario for the development framework of Jeddah [37].

Building on the foundational work in preceding projects, the framework was designed
to reconnect Jeddah’s Central Unplanned Areas with adjacent formal neighbourhoods and
integrate them into the larger urban system, including the City Centre and Historic Core.
The approach focused on developing optimal spatial configurations—redesigning street
networks, urban block structures, and public realm interfaces—through a structured process
involving data collection, multi-scalar analysis, strategic planning, and design synthesis.

The project began with an in-depth profiling of each settlement, encompassing both
physical and socio-economic indicators. This diagnostic phase enabled the formulation
of bespoke strategies tailored to the specific needs and transformation potential of each
area. Using an integrated approach, a model combining varied streams of information
was produced which resulted in key indices, including an Urban Morphology Index,
Transformability Index, and measures of public realm quality, utility provision, and social
infrastructure. These indices were used to rank settlements by priority, identifying both
their need for intervention and their capacity to accommodate change.

Strategic design interventions were then elaborated based on the above-mentioned
rankings, with the aim of minimising displacement while maximising spatial and socio-
economic impact. The resulting spatial proposals included reconfigured street hierarchies,
revised block layouts, and adaptive design typologies that could be locally interpreted. In
tandem, detailed design guidelines were developed to inform subsequent architectural
and infrastructural interventions, ensuring consistency across scales while allowing for
contextual flexibility.
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A pilot study phase was introduced to assess the practical coordination of strategies
among key stakeholders, including Happold Consulting, JDURC (Jeddah Development
and Urban Regeneration Company), and the Jeddah Municipality. This stage also tested
the communicative value of design alternatives, offering financially grounded options that
helped clients to make decisions. The pilot process underscored the challenges of applying
analytical tools in professional practice, pointing to the need for clearer justifications and
demonstrations of utility.

The project produced a prioritisation model that sequenced implementation based
on settlement scores derived from composite indices. This provided a phased pathway for
rolling out interventions and aligning technical evidence with strategic governance decisions.

The 2009 Strategic Upgrading Framework advanced an integrated methodology for
the spatial and socio-economic transformation of unplanned settlements in Jeddah. By
synthesising analytical tools with strategic design and stakeholder coordination, the project
aimed to generate context-sensitive and financially viable upgrades bridging local needs
with broader urban objectives.

A summary of the comparative analysis of the project processes is presented in Table 5.

Table 5. Comparative Analysis, Evidence informed, adaptable, implementation frameworks for
Jeddah’s unplanned settlements.

Aspect

Details

A. Project Vitals and Context

Project Identification

Strategic Upgrading Framework for Jeddah’s Central Unplanned Areas [37]. Client:
Municipality of Jeddah. Partners: Happold Consulting, JDURC. Analyst, planner and
urban designer: Space Syntax Limited.

Scale of Intervention

Multi-Settlement/District-level Urban Upgrading.

Primary Objective

Develop a replicable methodology for incremental upgrading of informal settlements,
reconnecting them to the formal city grid, integrating them into the broader urban
system, and aligning local interventions with city-wide strategies.

Key Constraints

Social: minimising resident displacement. Methodological: challenges in
communicating and justifying advanced analytical tools to stakeholders.

B. The EBDP Workflow in Action

Began with a diagnostic phase profiling each settlement using physical

Clarification & Objectives and socio-economic indicators. Aimed to create bespoke,

settlement-specific upgrading strategies.

Developed custom indices—including an Urban Morphology Index, Transformability

Analysis & Modelling Index, and metrics for public realm and infrastructure quality. These indices produced

a data-driven prioritisation model for sequencing interventions.

Strategic interventions derived from rankings, spanning multiple scales: reconfigured

Design & Option Generation street networks, revised block layouts, adaptive design typologies, and design

guidelines. Pilot phase introduced financially grounded design options.

A formal pilot study tested stakeholder coordination and communicative clarity of

Evaluation & Decision-Making design proposals, providing empirical feedback to refine the framework

before city-wide rollout.

C. Iteration and Feedback Loops

Presence of Iteration

Iteration explicitly structured via the pilot study, serving as a feedback
mechanism for validation.

Trigger for Iteration

The need to test feasibility, stakeholder coordination, and financial viability before
full-scale application.

Nature of the Loop

Operated at a meta-level: findings from Stage 4 (Evaluation) fed back into Stages 1-3,
refining the framework for broader application.
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3.1.4. City of Astana (Nur-Sultan at the Time) Master Plan

Commissioned by the City of Nur-Sultan (Formerly and presently Astana), and in
partnership with Expedition Engineering, Gustafson Porter + Boman, and Mobility in
Chain, the Nur-Sultan Master Plan (for the city now renamed Astana) was developed to
enhance urban conditions through a structured, evidence-based planning framework in
2019 (Figure 4). The approach employed a four-stage methodology designed to guide
the city’s development and ensure that proposals addressed both current challenges and
long-term aspirations. The first stage, the Vision Stage, involved a comprehensive review
of existing development documentation to identify key performance indicators (KPIs) and
relevant international precedents. This stage established a foundational understanding of
the desired urban outcomes and served to articulate the project’s overarching ambitions.

How the 2030 masterplan delivers the vision

A Liveable City A Sustainable City A Healthy City

A o

2030 2030 2030
» Provides active and engaging street-based « Sets out a Waste strategy to recycle 40% by * Increases average walkability by 10%
urbanism 2030

+ Reduces average car dependence by 25%
« Mitigates climate through urban form, massing and « Provides an Energy strategy to deliver a 45%
landscape reduction in emissions by 2030 » Improves access to primary healthcare
facilities by 20%
» Improves access to schools by 20% « Increases net bio-diversity by naturalising parts of
the River Esil

Space Syntax © 2023

Figure 4. A map of walkability in the proposed masterplan for Nur-Sultan created using a combina-
tion of evidence including the spatial configuration [38].

The second stage, the Baseline Analysis, focused on assessing the city’s current condi-
tions against the indicators identified in the vision phase. This was achieved through the
implementation of an Integrated Urban Model (IUM), which enabled the team to measure
a range of urban metrics and establish evidence-based benchmarks. The resulting analysis
formed a robust problem definition and clarified the areas requiring strategic intervention.
In the Strategy Stage, the third phase of the framework, design solutions were developed
to address the identified deficiencies, particularly in terms of social infrastructure and
spatial connectivity. Multiple spatial configurations were evaluated and refined within
this phase, informed by the Integrated Urban Modelling (IUM), and aligned with the
overarching vision.

The final stage, the Masterplan and Continuous Testing phase, involved the formula-
tion of detailed urban proposals, supported by environmental assessments and aligned
with local planning regulations. At this point, the IUM was updated to reflect the new pro-
posals and assess their performance against the established KPIs. Continuous testing and
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feedback loops allowed for the refinement of strategies and facilitated communication with
stakeholders, supporting transparency and adaptability throughout the planning process.

This continuous process, based on both quantitative analysis and strategic visioning,
allowed the Nur-Sultan Master Plan to move towards a dynamic, performance-driven
planning framework. By continuously evaluating and refining interventions against mea-
surable outcomes, the project deployed an integrated, model-based approach to support
the formulation of responsive and resilient urban strategies.

A summary of the comparative analysis of the project processes is presented in Table 6.

Table 6. Comparative Analysis, Nur-Sultan (Astana) Master Plan.

Aspect

Details

A. Project Vitals and Context

Project Identification

Nur-Sultan Master Plan [38]. Client: City of Nur-Sultan. Partners:
Expedition Engineering, Gustafson Porter + Boman et al. Analyst,
masterplanner, urban designer: Space Syntax Limited.

Scale of Intervention

City-wide Masterplan.

Primary Objective

Develop a structured, evidence-based framework to guide long-term
development while addressing current challenges and strategic ambitions.

Key Constraints

Limited availability of data and restrictions on conducting
first-hand field observations.

B. The EBDP Workflow in Action

Clarification & Objectives
(Vision Stage)

Comprehensive review of existing planning documents and international
precedents. Defined Key Performance Indicators (KPIs) that expressed
desired city outcomes and established project ambitions.

Analysis & Modelling
(Baseline Analysis Stage)

Assessed current conditions against KPIs. Implemented the Integrated
Urban Model (IUM) to measure urban metrics, set evidence-based
benchmarks, and establish a robust problem definition.

Design & Option Generation
(Strategy Stage)

Developed solutions to address deficiencies (e.g., social infrastructure,
connectivity). Generated and refined multiple spatial configurations using
the IUM to align strategies with the project vision.

Evaluation & Decision-Making

(Masterplan & Continuous Testing Stage)

Formulated detailed proposals and evaluated them by updating the IUM
to test performance against KPIs. Supplemented analysis with
environmental assessments. The IUM served as a tool for continuous
testing and transparent stakeholder communication.

C. Iteration and Feedback Loops

Presence of Iteration

Iteration was a central feature, explicitly described as “continuous testing
and feedback loops.”

Trigger for Iteration

Driven by the refinement of design configurations in the Strategy Stage
and evaluation of final proposals against KPIs.

Nature of the Loop

Included two key loops: (1) internal refinement within the Strategy Stage
(Stage 3); (2) a broader loop connecting final Masterplan testing (Stage 4)
back into the design process.

3.2. A Review of Selected Projects from SOCIETY and Urban Form (SURF) Lab—University

of Cyprus
3.2.1. Design Improvements Supporting Active Travel Around Secondary
Schools (DESIRE)
This project focused on analysing and improving active travel and micromobility
conditions around secondary schools in Nicosia, Cyprus, with the aim of enhancing student
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safety and promoting sustainable urban mobility. Employing a four-stage approach, the
study began with comprehensive data collection and spatial modelling. Accident data
from 2018 to 2023 was mapped in relation to the city’s road network, school locations,
and existing pedestrian infrastructure. This enabled the development of a spatial network
model that identified baseline conditions and highlighted schools located near recurring
accident hotspots (Figure 5). The analysis extended to the spatial characteristics of the urban
street network and the detailed distribution of pedestrian infrastructure across the city.

Accident hotspots 2018— 2023
(pedestrians and micromobility users)
—— Multimodal Road Network
School Locations
Accidents within 400m
School Locations
o School Entrances with accidents
within 400m (heatmap)

Accidents per Schoool's catchment area 400m
1 accident
2 accidents
3 accidents

Schools with Accidents:
0- Kasa High School
1- Terra Santa Colege
2- Gymnasium Archiepiskopou Makariou IIT
3- Gymnasium Narek

4~ American International School of Cyprus
5- Tie G. C. School of carrers

6— Georgio Markou Special School

7— Muscial Gymnasium of Nicosia

8- Music School of Nicosia

9~ Palouriotisa Lyceum

10~ Pagyprion Gymnasium

11— Egkomi Gymnasium

12— Palouriotisa Gymnasium

13— Athletic Gymnasium of Nicosia

14— Athletic Lyceum of Nicosia

15— Lyceum Archiepiskopou Marariou IIT
16— Lyceum Kykkou A'

17— Lyceum Kykkou B'

18- Gymnasium Agios Stylianos

19— Gymnasium Agiou Vasiliou

20— Gymnasium Dianellou and Theodotou
21— Gymnasium of Konstantinoupoleos

22— Gymnasium of Acropoleos

23— Lyceum of Acropoleos

24— English School

25— Special School Agios Varnavas

26~ 1rst technical School of Nicosia

27— 2nd Technical School of Nicosia

28— Lyceum Apostolou Varnava

29— The Falcon School
30- Stavrou Gymnasium

Figure 5. Accidents hotspots within schools’ 400 m catchment areas in relation to the multimodal network.

The second stage examined existing safety measures, evaluating the effectiveness
of speed limits, pedestrian crossings, and traffic-calming interventions in proximity to
schools. This provided insight into the strengths and deficiencies of current road safety
provisions. Based on this analysis, the third stage proposed targeted interventions, such as
improved pedestrian crossings and the expansion of pedestrian and cycling infrastructure
that directly addressed the identified risk factors.

In the final stage, these proposed measures were evaluated for their potential impact,
forming the foundation for a policy framework that integrates safety improvements into
broader urban planning strategies.

A summary of the comparative analysis of the project processes is presented in Table 7.
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Table 7. Comparative Analysis, DESIRE Project.

Aspect

Details

A. Project Vitals and Context

Design Improvements Supporting Active Travel Around Secondary Schools

Project Identification (DESIRE, 2024-2025). Location: Nicosia, Cyprus. Analyst: Society and Urban

Form (SURF) Lab.

Scale of Intervention

Thematic/Multi-location analysis, focusing on catchment areas of secondary
schools across the city.

Primary Objective

Analyse and improve active travel and micromobility conditions around
secondary schools, aiming to enhance student safety and
promote sustainable mobility.

Key Constraints

Not explicitly specified.

B. The EBDP Workflow in Action

Initiated with comprehensive data collection to define the problem scope.

Clarification & Objectives This included mapping accident data (2018-2023) in relation to the road

network, school locations, and pedestrian infrastructure.

Analysis & Modelling

Developed a spatial network model to establish baseline safety conditions.
Identified schools near accident hotspots and assessed street network
characteristics and existing safety measures (e.g., crossings, speed limits)
to pinpoint deficiencies.

Design & Option Generation

Proposed targeted physical interventions, including improved pedestrian
crossings and expanded walking/cycling infrastructure to mitigate risks.

Evaluation & Decision-Making

Evaluated potential impacts of proposed interventions. Produced a policy
framework to integrate improvements into broader urban planning strategies.

C. Iteration and Feedback Loops

Presence of Iteration

Iteration not explicitly detailed; process presented as sequential,
though implied during option testing.

Trigger for Iteration Testing of design options for policy integration.

Nature of the Loop

Refinement of models and proposals between Stage 3 (Design)
and Stage 4 (Evaluation).

3.2.2. Assessing Accessibility and Connectivity to Greenspaces (Nicosia Linear Park) at
Urban Scale

This study evaluated the accessibility and connectivity of the Pedieos Linear Park
in Nicosia through a mixed-methods approach, aiming to understand existing spatial
conditions and assess the potential impact of a proposed masterplan (Figure 6). The
research began with a qualitative component centred on community engagement through
focus group sessions with residents, stakeholders, and local organizations. These sessions
captured the needs and aspirations of various user groups, resulting in forty-three initial
proposals that were refined and prioritised to offer valuable user-centred insights.

Building on this qualitative foundation, a spatial analysis was conducted to assess the
park’s current accessibility and its relationship to surrounding amenities. Quantitative data
was collected to evaluate population reach within defined accessibility radii and proximity
to key facilities from and within the park. This established a baseline for comparison. To
incorporate future scenarios, proposed elements from the park’s masterplan, such as new
entrances, pedestrian bridges, and extended pathways, were manually integrated into
the existing street network using Geographic Information Systems (GIS), allowing for a
comparative spatial analysis between current and proposed conditions.
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Figure 6. Assessing accessibility to the Linear Park using public transportation.

Further extending the analytical scope, external points of interest were sourced from
OpenStreetMap to facilitate a multi-scalar assessment of accessibility and connectivity
within the broader urban context. This integrated methodology enabled a comparison
of present and future states, highlighting how the proposed interventions could enhance
urban inclusivity and network integration. The study uses an iterative design evaluation
process to combine participatory qualitative input with quantitative spatial modelling to
inform strategic urban planning and park development. A summary of the comparative
analysis of the project processes is presented in the Table 8:

Table 8. Comparative Analysis, Nicosia Linear Park Accessibility.

Aspect

Details

A. Project Vitals and Context

Assessing Accessibility and Connectivity to Greenspaces (Nicosia Linear

Project Identification Park, 2024-2025). Location: Nicosia, Cyprus. Analyst: Society and Urban
Form (SURF) Lab.
Scale of Intervention Urban park/greenspace network analysis.

Primary Objective

Evaluate existing accessibility and connectivity of the Pedieos Linear Park
and assess the potential spatial impact of a proposed masterplan
for its development.

Key Constraints

Not explicitly specified.
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Table 8. Cont.

Aspect

Details

B. The EBDP Workflow in

Action

Clarification & Objecti

Began with a participatory phase using community engagement (focus
ves groups with residents, stakeholders, local organisations). These sessions
captured user needs and produced user-centred proposals for the park.

Conducted quantitative spatial analysis to establish baseline accessibility.
Calculated population reach within radii and proximity to key facilities.

Analysis & Modelling Enhanced model with OpenStreetMap points of interest
for multi-scalar assessment.
Focused on design evaluation rather than generation. The existing
Design & Option Generation masterplan was modelled into the GIS network by manually integrating

proposed elements (new entrances, bridges, etc.) for scenario testing.

Evaluation & Decision-Making

Performed comparative spatial analysis between baseline (current) conditions
and modelled future scenario. Provided evidence on how proposed
interventions could improve inclusivity and connectivity,
informing strategic planning.

C. Iteration and Feedback Loops

Presence of Iteration Iterative design evaluation was present.

Trigger for Iteration

Community engagement (Stage 1) shaped the scope of spatial analysis and
evaluation (Stages 2 & 4).

Nature of the Loop

Connected participatory input with quantitative modelling. Qualitative
priorities guided spatial analysis, while quantitative outputs benchmarked
the effects of proposals, informing future iterations of the masterplan.

4. Generalisation and Synthesis
4.1. Generalisation

The comparative framework provides an overview of how EBDP materialises in the
context of practice. Table 9 synthesises and summarises these findings across the projects,
highlighting shared elements and the respective progression of workflows.

Figure 7 illustrates the sequence of development processes across the six studied
projects, organised by their respective scales. A comparative reading of these timelines
reveals patterns in how analytical methods are implemented at different scales of planning
and design. Notably, as the scale of the project increases, there is a more pronounced
adoption of a pre-development phase focused on clarification of the brief, data gathering,
and the formulation of an evidence-based methodological framework. This contrasts
with smaller-scale projects, where the formulation of design questions often remains more
narrative-driven and linked to contextual interpretations.

By comparing these sequences, recurring stages can be observed that provide a struc-
ture supporting workflows for evidence-based design and planning (EBDP). A pattern
emerges where projects typically begin with a phase of clarification of the brief and un-
derstanding the problem context, followed by an analysis phase where spatial evidence
is generated. This evidence is then consumed in a subsequent stage to inform the gener-
ation of design options. These options are further evaluated and refined, often through
continuous evaluation and feedback loops.

For larger projects, the analysis stage tends to transition into a more clearly articulated
design strategy, which acts as a guiding framework for exploring multiple design scenarios.
In contrast, smaller-scale projects often exhibit a tighter coupling between the problem
definition and option development phases, with fewer intermediate steps.
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Table 9. Comparative analysis of the projects based on their development rationale.

Project

Clarification & Objectives

Analysis & Modelling

Design & Option Generation

Evaluation & Decision-Making

Feedback Loops

Trafalgar Square
Redevelopment

Combined systematic pedestrian
observation with qualitative study
of the square’s historical and
social roles.

Used early space syntax axial
modelling to test spatial
implications and predict

pedestrian flows.

Analysis refined a central design
concept rather than generating
multiple alternatives.

Public consultation through
surveys and exhibitions
influenced final decisions.

Targeted iteration between analysis
and design stages, driven by expert
and community feedback.

Darwin City Centre
Project (2013)

Defined objectives through an
evaluation matrix informed
by precedent and
disciplinary knowledge.

Developed spatial models and
introduced urban performance and
profit indices to evaluate proposals.

Supported generation and
comparative testing of multiple
configurational scenarios.

Combined spatial performance
and financial analysis for
evidence-informed prioritisation.

Strong cycle across all phases,
especially between design
and evaluation.

Jeddah Central
Unplanned Areas
Framework (2009)

Conducted diagnostic profiling
using physical and
socio-economic indicators.

Created indices (Urban
Morphology, Transformability,
Public Realm) for
data-driven prioritisation.

Developed multi-scalar
interventions and tested pilot

designs for upgrading settlements.

A pilot phase validated the
analytical framework and
stakeholder collaboration.

Feedback mechanism embedded
through pilot feedback, refining
framework before city-wide rollout.

Nur-Sultan Master
Plan (2019)

Defined Key Performance
Indicators (KPIs) expressing
long—term urban outcomes.

Applied the Integrated Urban
Model (IUM) to benchmark
existing conditions and set
measurable baselines.

Generated and refined multiple
spatial strategies addressing
key deficiencies.

Continuously updated IUM to
evaluate proposals and
communicate with stakeholders.

Feedback structured as continuous
model-based testing linking analysis,
design, and evaluation.

DESIRE Project—Active

Travel (Nicosia,
2024-2025)

Defined objectives through spatial
mapping of accident data and
mobility patterns around schools.

Modelled spatial networks
to identify safety and
accessibility issues.

Proposed targeted physical
interventions improving walking
and cycling conditions.

Evaluated intervention impacts
and integrated findings into
policy guidance.

Implied feedback between testing
and policy refinement, though less
formally codified.

Greenspace Accessibility
(Nicosia Linear Park,
2024-2025)

Used participatory engagement to
define goals and user priorities.

Conducted accessibility
modelling using demographic
and facility data.

Tested proposed masterplan
scenarios against
baseline conditions.

Provided evidence for strategic
planning and inclusivity
improvements.

Feedback loop integrated qualitative
engagement with quantitative
analysis for continuous refinement.

Conclusion of the
comparative studies:
synthesis and Future

Implications

EBDP clarification stages are
shifting from expert-led diagnosis
to participatory, data-informed
goal setting, emphasising
transparency and co-definition
of objectives.

Analytical methods have evolved
from isolated spatial modelling to
integrated, multi-dimensional
systems combining
social, economic, and
environmental metrics.

Design generation is becoming
more informed, supported by
simulation and scenario
testing rather than fixed
concept refinement.

Evaluation increasingly serves as
both a testing and
communication platform, linking
technical evidence to policy and
stakeholder dialogue.

Future EBDP practice should
institutionalize continuous feedback
cycles, supported by adaptive digital
tools and participatory mechanisms,

ensuring that evidence remains
actionable, reflective, and responsive
throughout the design process.
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Figure 7. Project implementation process as per logistical stages.

4.2. Synthesis

The examination of the projects indicates that an EBDP process is not a rigid and linear

process, but an adaptive framework. This framework typically generalises into distinct but

interlinked phases that guide the synthesis, generation, and application of evidence:

Clarification and Objective Setting: Focuses on defining the core problem, understand-
ing the context, and establishing clear project goals and performance criteria, often in
collaboration with clients and stakeholders.

Analysis and Modelling: An evidence base is generated through spatial modelling
and data analysis, and empirical literature or site studies where relevant and available.
In this stage the emphasis is on diagnosing existing conditions, identifying key perfor-
mance indicators, and providing objective information to guide the design process.
Design Generation and Synthesis: Guided by the evidence base, this phase involves
the creation of design options or strategic proposals. It is a synthetic process where
designers respond to the diagnosed problems within the project’s practical constraints.
Evaluation and Refinement: Proposed designs are evaluated and assessed against the
objectives framed in Stage 1 and formalised in Stage 2. This phase involves critical
discussion among experts, stakeholders, and clients, and can often lead to further
design refinement or may trigger a new cycle.

The workflow is organised around feedback loops, where new data or feedback can

trigger the refinement of earlier steps, ensuring the process remains responsive to different

project and data contexts or to evolving project needs. Iteration is the engine of this

framework and occurs in two primary ways. Firstly, intra-stage cycle happens within a

single phase, such as when refining an analytical model with new datasets or exploring

multiple design variations. More significantly, inter-stage feedback cycle occurs when

findings from a later stage prompt a return to an earlier one. For example, results from
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the Evaluation phase may trigger revised Objectives or a renewed cycle of Analysis and
Design, ensuring the final output is robust and well-justified.

4.3. Elaboration
4.3.1. Clarification and Objective Setting

The first stage centres on developing a grounded understanding of the design brief
and its broader context. This begins with a critical clarification of the project brief, which is
examined in relation to existing strategic documents, planning regulations, and overarching
policy frameworks. This process is necessary for setting and aligning project objectives with
institutional priorities, spatial constraints, and stakeholder expectations. It also involves
identifying key questions and establishing the feasibility of different approaches for moving
forward. At this stage, the objective is not to define fixed solutions, but to articulate a
coherent and informed framing from which the EBDP process can be further developed.

4.3.2. Analysis—Building a Comprehensive Evidence Base

Following the initial framing and clarification of objectives, the analysis stage marks
the point at which the planning problem is systematically unpacked using diverse forms
of evidence. At this stage, multiple layers of data can be incorporated to build a rich
understanding of current conditions [39,40]. These datasets, ranging from qualitative site
observations to large-scale quantitative sources, often come in heterogeneous formats and
must be organised, cleaned, and pre-processed prior to modelling [41].

Models at this stage function as structured abstractions of reality [42], enabling plan-
ners to make sense of complex urban dynamics by organising information into coherent
analytical frameworks [43]. However, working with dynamic urban systems presents
significant challenges. As Cheylan and Lardon [44] note, information in such contexts is
often unstable, changing in form, definition, or relevance over time. As such, the modelling
process is inherently iterative: insights gained from preliminary modelling frequently
reveal gaps or misalignments, prompting further rounds of data collection, reinterpre-
tation, and refinement. This cycle not only enhances model precision but also deepens
the understanding of the spatial and social dimensions of the issue. Figure 8 illustrates
this process.

v 1 v ]
CollectingH Cleaning HExploring HProcessinng\ﬂodelling
L J

Figure 8. General EBDP data collection pipeline. Adapted from Jordan [45].

Table 10 presents a high-level classification of analytical approaches used in Evidence-
Based Design and Planning (EBDP). These approaches can be broadly grouped into
two categories: empirical and quantitative. Each category differs in terms of input data
types, methodological techniques, scale of application, and the nature of the questions they
are best suited to address.

The selection and application of these approaches are largely shaped by project-
specific constraints such as scale, budget, data availability, and computational capacity.
Empirical methods are typically applied to high-resolution, context-specific challenges that
require detailed technical analysis. In contrast, quantitative approaches are more suitable
for addressing lower-resolution, strategic issues that span broader spatial or thematic
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scales. The choice between these methods is therefore contingent on the specific aims and
limitations of each project.

Table 10. Analytical approaches employed in evidence-based design and planning.

Empirical Approaches Quantitative Methods
Input data Observation—Not reproducible Numerical data—reproducible
Scale of analysis Micro, Meso Meso, Macro

Data collection

Official census, remote sensing,

Observation, gate counting etc. .
crowdsourcing etc.

Analytical techniques

Statistical methods, participatory methods, Spatial statistics, mathematical modelling,
evaluation, and feedback loop geostatistics, machine learning

From a modelling perspective, a range of modelling approaches may be employed,
falling broadly into conceptual and data-intensive categories. Conceptual models establish
logical linkages between selected indicators and the phenomena under investigation, while
data-intensive models structure large volumes of thematic and geometric data. These can
be formalised through several analytical strategies, such as GIS, statistical modelling using
probabilistic methods [46], dynamic models capturing emergent spatial behaviours [47,48],
and computational simulations such as cellular automata [49] and agent-based models [50]
that explore multi-scalar interactions within urban systems.

Since individual layers of data or analysis (e.g., spatial, statistical, experiential, or
contextual) offer an only partial view, relying on a single data source or form of analysis may
fail to support complex design decision-making. Diverse data inputs are therefore often
synthesised into a more rounded modelling strategy to inform a hybrid spatial modelling
approach. A ‘hybrid model” integrates multiple modelling techniques and data types to
compare and interpret relationships between varied forms of evidence. As evidence is
introduced or assumptions are challenged, the model can be updated, reconfigured, or
extended, supporting continuous cycles of analysis, design exploration, and evaluation. In
this way, hybrid modelling can support design iteration as questions and responses are
refined throughout the design process.

4.3.3. Design—Evidence Informed Options Exploration

The third stage of the EBDP process facilitates the integration of design ideas and
options in a way that creatively and strategically addresses the objectives. In EBDP, this is
not strictly a technical exercise in model optimisation, but a design-led process in which con-
textual insight and interpretive expertise are used to generate sets of distinct, well-informed
alternatives. The intention is for these to remain grounded in evidence-informed objec-
tives and analysis while being shaped by the designer’s capacity to prioritise constraints,
interpret evidence, and imagine plausible future interventions.

Different techniques can support this process by varying input parameters to ex-
plore a range of outcomes. These range from simple sketching to more advanced tools
such as evolutionary optimisation methods [51], parametric modelling [52], and gener-
ative workflows [53,54], including the more recent emergence of generative Al-based
approaches. Hybrid models combine spatial analysis with generative and optimisa-
tion processes, for example, Koenig et al.’s [54] integration of urban analysis and evo-
lutionary design, Celani et al.’s [55] application of shape grammar and genetic algorithms,
Acharya et al.’s [56] integrated urban modelling (IUM), and Motieyan and Mesgari’s [57]
use of agent-based modelling to optimise land use and transport strategies
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Constraints on data availability, computational power, or institutional flexibility may
limit the range and resolution of options. Furthermore, balancing multiple design objectives
remains a known challenge. As Von Winterfeldt and Fischer [58] highlight, the absence of
clearly defined objective-weighting models complicates multi-attribute decision-making.
To address this, approaches such as the multi-criteria average-weighted model [59] offer
adaptable frameworks for evaluating trade-offs across competing priorities. Although
originally developed outside the spatial domain, these models can be repurposed to support
decision-making in complex urban design contexts.

To clarify, data and analysis tools do not produce solutions autonomously, and their
use should not be seen to replace integrative design thinking: narrowly defined generative
algorithms, though complex, may divert attention from wider, complex, or nuanced pri-
orities if not critically applied. EBDP represents an approach that can assist designers in
navigating and articulating a spectrum of plausible scenarios that are distinct in empha-
sis, trade-offs, and outcomes, while remaining anchored the objectives and informed by
evidence as defined in prior stages.

This stage presents a bridge from preceding objectives and analysis to the next
stage, where a range of differentiated options can be used to support the evaluation
and feedback process.

4.3.4. Evaluation and Feedback

The final stage of the evidence-based design and planning (EBDP) cycle involves the
evaluation of the design options, with feedback from external experts, public audiences,
policy officials, clients, and other stakeholders. The aim is to assess the validity, feasibility,
and desirability of each proposal within its broader social, political, and functional context
while remaining grounded in evidence informed context.

Given the inherent complexity of urban systems [60], and the multiplicity of analytical
outputs produced through modelling and spatial evaluation, this feedback process can
be highly intricate. Diverse formats of data must be communicated to stakeholders with
varying levels of technical expertise and interest. Budgetary constraints, political agendas,
and institutional frameworks further complicate this landscape. As a result, the evaluation
process must be approached as a dynamic, multi-scalar system in itself, where feedback
loops enable progressive refinement of proposals through structured deliberation and
integration of evidence [10,12,27].

5. Towards a Conceptual Model for Operationalising Evidence-Based
Design and Planning: An Analytical, Multi-Scalar and
Iterative Framework

This study was carried out to address the challenge of framing Evidence-Based Design
and Planning (EBDP) for professional practice. While EBDP is increasingly recognised
for its potential, its practical uptake remains constrained. The framework presented in
this article draws on earlier EBDP studies to compare evidence-based workflows across a
selection of real-world projects. From this review, a structured yet adaptable framework
is proposed, integrating multiple forms of evidence across four phases: clarification and
evidence-based project definition; preparation of an evidence base through analysis and
modelling; generation of options synthesising diverse evidence; and evaluations to guide
adaptation and decision-making.

We propose that these stages are anchored and interlinked more deeply by what
can be termed as a Hybrid Spatial Model (Figure 9), which provides both the conceptual
foundation and analytical backbone of the framework.
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Figure 9. A conceptual model for evidence-based design and planning.

The Hybrid Spatial Model brings together diverse streams of knowledge, quantitative
data and analysis, qualitative insights, disciplinary expertise, and stakeholder perspectives.
These are synthesised into a unified and spatially coherent structure. Importantly, links
are established between the Hybrid Spatial Model and all phases of clarification, analysis,
design, and evaluation. The design process is thereby informed by the evidence base while
in turn remains responsive to evaluations considering the project’s intended outcomes.

A defining feature of the framework is its emphasis on feedback loops. This feature
is embedded both within and across stages, allowing earlier phases to be revisited and
reframed as new evidence emerges. This approach resonates with Zeisel’s [10] cyclical
model, extends Carmona’s [12] progression by embedding continuous refinement more
deeply, and aligns closely with Karimi’s [27] configurational methodology. However, this
model advances earlier framing by situating a unified Hybrid Spatial Model at the centre.
The significance of this explicitly unified framing is twofold. Firstly, the model serves as
an integrative mechanism, assimilating heterogeneous evidence into a system that can be
interrogated, compared, and refined. Without this, EBDP risks fragmentation with isolated
datasets and uncoordinated insights. Secondly, the model acts as a generative engine that
produces new knowledge through testing, simulation, and continuous evaluation. In this
sense, it not only synthesises information but also drives the design process itself, linking
clarification, analysis, and design through informed evaluation.

A limitation here is that the framework has been developed from a limited number of
case studies drawn from Space Syntax Limited and the SURF Lab, both of which represent
specific institutional and methodological traditions. Although these cases vary in scale and
focus, further testing across a broader range of geographical, cultural, and organisational
contexts is required to validate or improve the framework’s generalisability. In addition,
while the Hybrid Spatial Model successfully integrates multiple evidence types, it remains
data-dependent and its effectiveness may be constrained in data-scarce environments or
where technical capacity is limited. Therefore, future work should explore lightweight,
open-source modelling tools and standardised benchmarks to enhance accessibility and
transferability across diverse planning contexts.
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A potential direction for future exploration for extending this framework lies in the
integration of Artificial Intelligence (AI) within the EBDP workflow. Recent research
highlights Al as a major catalyst for advancing evidence-based planning, expanding the
ability of planners to handle complex, dynamic, and data-rich urban systems [61,62].

Al offers distinct opportunities to enhance each stage of the EBDP process. In the
clarification phase, machine learning can synthesise vast datasets—such as demographic,
environmental, and mobility data—to identify spatial inequalities and prioritise interven-
tions [63,64]. In analysis and modelling, Al-driven predictive tools improve the capacity
to simulate urban systems, supporting adaptive and scenario-based planning [65-67].
During design exploration, generative algorithms can test multiple spatial configurations,
optimising social, economic, and environmental performance [68,69]. Finally, in evalua-
tions, Al-enabled decision-support systems promote continuous feedback and transparency
between planners, policymakers, and communities [61].

Nonetheless, the literature cautions that these opportunities are accompanied by
technical, social, and ethical challenges, including data quality, algorithmic biases, trans-
parency, and institutional capacity [17,70]. Future research should therefore prioritise
participatory, transparent, and interdisciplinary Al integration to ensure that automation
enhances, rather than replaces, human judgment and contextual understanding. By pro-
viding a model for how Al could be embedded into the logic of EBDP workflows, the
framework can evolve toward enhanced versions where empirical reasoning, stakeholder
knowledge, and algorithmic intelligence combine to produce more adaptive, equitable,
and sustainable solutions.

Author Contributions: Conceptualization, KK., 5.Z., G.S.,, N.C., W.S.A. and I.G.; methodology, K.K,,
S.Z.and G.S,; software, S.Z. and G.S,; validation, K.K., S.Z. and G.S.; formal analysis, K.K., S.Z. and
G.S., WS.A,; investigation, KK, S.Z., G.S., N.C., W.S.A. and I.G.; resources, K.K.; writing—original
draft preparation, KK., S.Z., G.S., N.C.,, WS A. and IL.G.; writing—review and editing, K.K., S.Z.
and G.S.; visualization, S.Z. and W.S.A.; supervision, K.K. and N.C.; project administration, N.C;
funding acquisition, K.K. and N.C.; All authors have read and agreed to the published version of
the manuscript.

Funding: The research which this paper is based on has received funding from the European Union’s
Horizon Europe Research and Innovation Programme under Grant Agreement No. 101078890, UK
Research, and Innovation (UKRI) under the UK government’s Horizon Europe funding guarantee
under grant numbers 10052856 and 10050784 for TWIN2EXPAND (Twining Towards Evidence-
based Design and Planning) project. TWIN2EXPAND aims to strengthen research and innovation
capacity in evidence-based urban design and planning through further research, advanced training,
knowledge dissemination, and collaboration among leading European universities and partners.

Data Availability Statement: No specific datasets were used in this study. The project documentation
reviewed was partly publicly available and partly provided through the TWIN2EXPAND project
consortium. The publicly available project materials can be accessed at https://spacesyntax.com/
cities-regions/ cities-regions-landing-page/, accessed on 1 September 2024. Detailed documentation
for projects that are not publicly accessible cannot be provided openly owing to client confidentiality
agreements, but can be made available from the authors upon reasonable requests.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:
EBDP Evidence-Based Design and Planning

RID Research Informed Design
DDD Data Driven Design


https://spacesyntax.com/cities-regions/cities-regions-landing-page/
https://spacesyntax.com/cities-regions/cities-regions-landing-page/

Urban Sci. 2025, 9, 457 26 of 28

GIS Geographic Information System
SSL Space Syntax Limited

SURF Society and Urban Form Lab
IUM Integrated Urban Model

KPI Key Performance Indicators

Al Artificial Intelligence

DESIRE  Design improvements Supporting Active Travel Around Secondary Schools

References

1.

AN

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.
20.

21.

22.

23.

Batty, M.; Marshall, S. The Origins of Complexity Theory in Cities and Planning. In Complexity Theories of Cities Have Come
of Age: An Ouverview with Implications to Urban Planning and Design; Portugali, J., Meyer, H., Stolk, E., Tan, E., Eds.; Springer:
Berlin/Heidelberg, Germany, 2012; pp. 21-45. [CrossRef]

Jacobs, J. The Death and Life of Great American Cities; Knopf Doubleday Publishing Group: New York, NY, USA, 2016.

Alexander, C. A Pattern Language: Towns, Buildings, Construction; Oxford University Press: Oxford, UK, 2018.

Batty, M. The New Science of Cities/Michael Batty; MIT Press: Cambridge, MA, USA, 2013.

Peavey, E.; Vander Wyst, K.B. Evidence-Based Design and Research-Informed Design: What'’s the Difference? Conceptual
Definitions and Comparative Analysis. HERD 2017, 10, 143-156. [CrossRef] [PubMed]

Sailer, K.; Budgen, A.; Lonsdale, N.; Turner, A.; Penn, A. Evidence-Based Design: Theoretical and Practical Reflections of
an Emerging Approach in Office Architecture. In Proceedings of the 4th Design Research Society Conference, Sheffield, UK,
16-19 July 2008.

Zeisel, J. Inquiry by Design: Tools for Environment-Behaviour Research. CUP Archive. 1984. [Online]. Available on-
line: https://books.google.com/books?hl=en&lr=&id=AwU4AAAAIA AJ&oi=fnd&pg=PA1&dq=info:1r93F4orNP4]:scholar.
google.comé&ots=06GUq2ZbZW &sig=EZzHWGLORFIztbsnwznBYOH(jfY (accessed on 1 November 2023).

Jones, R.E. Decision-Making. Political Stud. 1970, 18, 121-125. [CrossRef]

Korobkin, B.J. Images for Design: Communicating Social Science Research to Architects; Architecture Research Office, Harvard
University: Cambridge, MA, USA, 1976.

Zeisel, ]J. Sociology and Architectural Design. 1975. [Online]. Available online: https:/ /policycommons.net/artifacts /1357164 /
sociology-and-architectural-design/1970220/ (accessed on 1 November 2023).

Foz, A.T.-K. Some Observations on Designer Behavior in the Parti. Ph.D. Thesis, Massachusetts Institute of Technology, Cambridge,
MA, USA, 1972. [Online]. Available online: https://dspace.mit.edu/handle/1721.1/13537 (accessed on 1 November 2023).
Carmona, M. Public Places Urban Spaces: The Dimensions of Urban Design, 3rd ed.; Taylor & Francis Group: Milton, UK, 2021.
[CrossRef]

Viets, E. Lessons from Evidence-Based Medicine: What Healthcare Designers Can Learn from the Medical Field. HERD 2009, 2,
73-87. [CrossRef] [PubMed]

Wiley, K. Tackling the Application Gap: Architecture Students” Experiences of a Research Component in a Design Studio Class.
2017. [Online]. Available online: http://hdl.handle.net/11023/4095 (accessed on 29 September 2024).

Pilosof, N.P.; Grobman, Y.J. Evidence-Based Design in Architectural Education: Designing the First Maggie’s Centre in Israel.
HERD 2021, 14, 114-129. [CrossRef]

Tvedebrink, T.D.O; Jeli¢, A. From Research to Practice: Is Rethinking Architectural Education the Remedy? HERD 2021, 14,
71-86. [CrossRef]

Marshall, S. Science, pseudo-science and urban design. URBAN DESIGN Int. 2012, 17, 257-271. [CrossRef]

Raford, N. Social and technical challenges to the adoption of space syntax methodologies as a planning support system (PSS) in
American urban design. J. Space Syntax. 2010, 1, 230-245.

Lynch, K. The Image of the City; MIT Press: Cambridge, MA, USA, 1964.

Alexander, C. “A City is Not a Tree”: From Architectural Forum (1965). In The Urban Design Reader, 2nd ed.; Routledge:
Oxfordshire, UK, 2012.

Saelens, B.E.; Sallis, ].E,; Frank, L.D. Environmental correlates of walking and cycling: Findings from the transportation, urban
design, and planning literatures. Ann. Behav. Med. 2003, 25, 80-91. [CrossRef]

Cerin, E.; Sallis, J.F.; Salvo, D.; Hinckson, E.; Conway, T.L.; Owen, N.; van Dyck, D.; Lowe, M.; Higgs, C.; Moudon, A.V,; et al.
Determining thresholds for spatial urban design and transport features that support walking to create healthy and sustainable
cities: Findings from the IPEN Adult study. Lancet Glob. Health 2022, 10, e895-e906. [CrossRef]

Bratman, G.N.; Anderson, C.B.; Berman, M.G.; Cochran, B.; de Vries, S.; Flanders, J.; Folke, C.; Frumkin, H.; Gross, ].J.; Hartig, T.; et al.
Nature and mental health: An ecosystem service perspective. Sci. Adv. 2019, 5, eaax0903. [CrossRef]


https://doi.org/10.1007/978-3-642-24544-2_3
https://doi.org/10.1177/1937586717697683
https://www.ncbi.nlm.nih.gov/pubmed/28349729
https://books.google.com/books?hl=en&lr=&id=AwU4AAAAIAAJ&oi=fnd&pg=PA1&dq=info:lr93F4orNP4J:scholar.google.com&ots=o6GUq2ZbZW&sig=EZzHWGLORFIztbsnwznBYOHfjfY
https://books.google.com/books?hl=en&lr=&id=AwU4AAAAIAAJ&oi=fnd&pg=PA1&dq=info:lr93F4orNP4J:scholar.google.com&ots=o6GUq2ZbZW&sig=EZzHWGLORFIztbsnwznBYOHfjfY
https://doi.org/10.1111/j.1467-9248.1970.tb00661.x
https://policycommons.net/artifacts/1357164/sociology-and-architectural-design/1970220/
https://policycommons.net/artifacts/1357164/sociology-and-architectural-design/1970220/
https://dspace.mit.edu/handle/1721.1/13537
https://doi.org/10.4324/9781315158457
https://doi.org/10.1177/193758670900200207
https://www.ncbi.nlm.nih.gov/pubmed/21161932
http://hdl.handle.net/11023/4095
https://doi.org/10.1177/19375867211007945
https://doi.org/10.1177/1937586720953529
https://doi.org/10.1057/udi.2012.22
https://doi.org/10.1207/S15324796ABM2502_03
https://doi.org/10.1016/S2214-109X(22)00068-7
https://doi.org/10.1126/sciadv.aax0903

Urban Sci. 2025, 9, 457 27 of 28

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.
40.

41.

42.
43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Marselle, M.R.; Bowler, D.E.; Watzema, J.; Eichenberg, D.; Kirsten, T.; Bonn, A. Urban street tree biodiversity and antidepressant
prescriptions. Sci. Rep. 2020, 10, 22445. [CrossRef]

Sallis, J.E; Cerin, E.; Kerr, J.; Adams, M.A.; Sugiyama, T.; Christiansen, L.B.; Schipperijn, J.; Davey, R.; Salvo, D.; Frank, L.D.; et al.
Built Environment, Physical Activity, and Obesity: Findings from the International Physical Activity and Environment Network
(IPEN) Adult Study. Annu. Rev. Public Health 2020, 41, 119-139. [CrossRef]

Hillier, B.; Hanson, ]J. The Social Logic of Space; Cambridge University Press: Cambridge, UK, 1984. [CrossRef]

Karimi, K. A configurational approach to analytical urban design: “Space syntax” methodology. Urban Des. Int. 2012, 17, 297-318.
[CrossRef]

Pont, M.B.; Haupt, P. Spacematrix: Space, Density and Urban Form-Revised Edition; TU Delft OPEN Publishing: Delft, The
Netherlands, 2023.

Mueller, N.; Rojas-Rueda, D.; Khreis, H.; Cirach, M.; Andrés, D.; Ballester, J.; Bartoll-Roca, X.; Daher, C.; Deluca, A.; Echave, C.; et al.
Changing the urban design of cities for health: The superblock model. Environ. Int. 2020, 134, 105132. [CrossRef] [PubMed]
Gascon, M.; Triguero-Mas, M.; Martinez, D.; Dadvand, P.; Rojas-Rueda, D.; Plasencia, A.; Nieuwenhuijsen, M.]. Residential green
spaces and mortality: A systematic review. Environ. Int. 2016, 86, 60-67. [CrossRef] [PubMed]

Brand, C.; Dons, E.; Anaya-Boig, E.; Avila-Palencia, I.; Clark, A.; de Nazelle, A.; Gascon, M.; Gaupp-Berghausen, M.; Gerike, R,;
Gotschi, T.; et al. The climate change mitigation effects of daily active travel in cities. Transp. Res. Part D Transp. Environ. 2021, 93,
102764. [CrossRef]

Winkler, L.; Pearce, D.; Nelson, J.; Babacan, O. The effect of sustainable mobility transition policies on cumulative urban transport
emissions and energy demand. Nat. Commun. 2023, 14, 2357. [CrossRef]

Karimi, K. Space syntax: Consolidation and transformation of an urban research field. J. Urban Des. 2018, 23, 1-4. [CrossRef]
Karimi, K. The Configurational Structures of Social Spaces: Space Syntax and Urban Morphology in the Context of Analytical,
Evidence-Based Design. Land 2023, 12, 2084. [CrossRef]

Space Syntax Laboratory. World Squares for All. University College London, 5 May 1998. [Online]. Available online: https:
/ /spacesyntax.com/project/trafalgar-square/ (accessed on 1 September 2024).

Space Syntax Ltd. Spatial Mapping & Analysis of Darwin City Centre. Spatial Design Strategy, November 2013. [Online].
Available online: https:/ /spacesyntax.com/project/darwin-city-centre/ (accessed on 1 September 2024).

Space Syntax Ltd. Evidence Informed, Adaptable, Implementation Frameworks for Jeddah’s Unplanned Settlements. April 2013.
[Online]. Available online: https://spacesyntax.com/project/jeddah-unplanned-areas/ (accessed on 1 September 2024).

Space Syntax Ltd. Nur-Sultan 2030 Masterplan. September 2020. [Online]. Available online: https://spacesyntax.com/project/
nur-sultan-masterplan-2030/ (accessed on 1 September 2024).

Goodchild, M.F. Citizens as sensors: The world of volunteered geography. GeoJournal 2007, 69, 211-221. [CrossRef]

Mennis, J.; Guo, D. Spatial data mining and geographic knowledge discovery—An introduction. Comput. Environ. Urban Syst.
2009, 33, 403—-408. [CrossRef]

Brisaboa, N.R.; Rodriguez, M.A ; Seco, D.; Troncoso, R.A. Rank-based strategies for cleaning inconsistent spatial databases. Int. ].
Geogr. Inf. Sci. 2015, 29, 280-304. [CrossRef]

Haggett, P. Locational Analysis in Human Geography/Peter Haggett; Edward Arnold: London, UK, 1965.

Sanders, L. Models in Spatial Analysis/Edited by Lena Sanders. In Geographical Information Systems Series; ISTE: London, UK,
2007. [CrossRef]

Cheylan, J.-P.; Lardon, S. Towards a Conceptual Data Model for the Analysis of Spatio-Temporal Processes: The Example of the
Search for Optimal Grazing Strategies. In Spatial Information Theory A Theoretical Basis for GIS; Frank, A.U., Campari, 1., Eds.;
Springer: Berlin/Heidelberg, Germany, 1993; pp. 158-176.

David, J.; Jordan, S. Applied Geospatial Data Science with Python: Take Control of Implementing, Analyzing, and Visualizing Geospatial
and Spatial Data with Geopandas and More; Packt Publishing: Birmingham, UK, 2023.

Ripley, B.D. Spatial Statistics/Brian D. Ripley; Wiley-Interscience: Hoboken, NJ, USA, 2004. [CrossRef]

Batty, M.; Longley, P.A. Fractal Cities: A Geometry of Form and Function; Academic Press: Cambridge, MA, USA, 1994.

Arcaute, E.; Molinero, C.; Hatna, E.; Murcio, R.; Vargas-Ruiz, C.; Masucci, A.P.; Batty, M. Cities and regions in Britain through
hierarchical percolation. R. Soc. Open Sci. 2016, 3, 150691. [CrossRef] [PubMed]

White, R.; Engelen, G. Cellular Automata as the Basis of Integrated Dynamic Regional Modelling. Environ. Plan. B Plan. Des.
1997, 24, 235-246. [CrossRef]

Kowalski, L. Comparing Spatial-Interaction and Hybrid Agent-Based Modelling Approaches: An Application to Location
Analysis of Services. J. Artif. Soc. Soc. Simul. 2019, 22, 1-30. [CrossRef]

Janssen, P.H. An Evolutionary System for Design Exploration. In Proceedings of the International Conference on Computer
Aided Architectural Design Futures, Montréal, QC, Canada, 17-19 June 2009; pp. 260-272.

Turrin, M.; Von Buelow, P,; Stouffs, R. Design explorations of performance driven geometry in architectural design using
parametric modeling and genetic algorithms. Adv. Eng. Inform. 2011, 25, 656-675. [CrossRef]


https://doi.org/10.1038/s41598-020-79924-5
https://doi.org/10.1146/annurev-publhealth-040218-043657
https://doi.org/10.1017/CBO9780511597237
https://doi.org/10.1057/udi.2012.19
https://doi.org/10.1016/j.envint.2019.105132
https://www.ncbi.nlm.nih.gov/pubmed/31515043
https://doi.org/10.1016/j.envint.2015.10.013
https://www.ncbi.nlm.nih.gov/pubmed/26540085
https://doi.org/10.1016/j.trd.2021.102764
https://doi.org/10.1038/s41467-023-37728-x
https://doi.org/10.1080/13574809.2018.1403177
https://doi.org/10.3390/land12112084
https://spacesyntax.com/project/trafalgar-square/
https://spacesyntax.com/project/trafalgar-square/
https://spacesyntax.com/project/darwin-city-centre/
https://spacesyntax.com/project/jeddah-unplanned-areas/
https://spacesyntax.com/project/nur-sultan-masterplan-2030/
https://spacesyntax.com/project/nur-sultan-masterplan-2030/
https://doi.org/10.1007/s10708-007-9111-y
https://doi.org/10.1016/j.compenvurbsys.2009.11.001
https://doi.org/10.1080/13658816.2014.965711
https://doi.org/10.1002/9780470612255
https://doi.org/10.1002/0471725218
https://doi.org/10.1098/rsos.150691
https://www.ncbi.nlm.nih.gov/pubmed/27152211
https://doi.org/10.1068/b240235
https://doi.org/10.18564/jasss.3899
https://doi.org/10.1016/j.aei.2011.07.009

Urban Sci. 2025, 9, 457 28 of 28

53.
54.

55.

56.

57.

58.

59.
60.
61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

Stouffs, R.; Rafiq, Y. Generative and evolutionary design exploration. Al EDAM 2015, 29, 329-331. [CrossRef]

Koenig, R.; Miao, Y.; Aichinger, A.; Knecht, K.; Konieva, K. Integrating urban analysis, generative design, and evolutionary
optimization for solving urban design problems. Environ. Plan. B Urban Anal. City Sci. 2020, 47, 997-1013. [CrossRef]

Celani, G.B. Optimizing the “Characteristic Structure”: Combining Shape Grammars and Genetic Algorithms to Generate Urban
Patterns. In RESPECTING FRAGILE PLACES [29th eCAADe Conference Proceedings], Ljubljana, Slovenia, 21-24 September 2011;
University of Ljubljana, Faculty of Architecture (Slovenia): Ljubljana, Slovenia, 2011; pp. 491-500, [Online]; Available online:
https:/ /papers.cumincad.org/cgi-bin/works/paper/ecaade2011_108 (accessed on 14 December 2023)ISBN 978-9-4912070-1-3.
Acharya, A.; Karimi, K.; Parham, E.; Guven, A.; Uyar, G. City Planning Using Integrated Urban Modeling Jeddah Structure
Plan. In Proceedings-11th International Space Syntax Symposium, SSS 2017; Instituto Superior Técnico: Lisboa, Portugal, 2017;
pp. 37.1-37.21.

Motieyan, H.; Mesgari, M.S. An Agent-Based Modeling approach for sustainable urban planning from land use and public transit
perspectives. Cities 2018, 81, 91-100. [CrossRef]

Von Winterfeldt, D.; Fischer, G.W. Multi-Attribute Utility Theory: Models and Assessment Procedures. In Utility, Probability,
and Human Decision Making: Selected Proceedings of an Interdisciplinary Research Conference, Rome, 3-6 September 1973; Theory and
Decision Library; Wendt, D., Vlek, C., Eds.; Springer: Dordrecht, The Netherlands, 1975; pp. 47-85. [CrossRef]

Filip, T. In Search of an Appropriate Market Product Based on the Weighted-Average Multi-Criteria Decision-Making Model.
Econ. Comput. Econ. Cybern. Stud. Res. 2018, 52, 265-278. [CrossRef]

Forrester, J.W. Urban Dynamics; M.I.T. Press: Cambridge, MA, USA, 1969.

Kontokosta, C.E. Urban Informatics in the Science and Practice of Planning. . Plan. Educ. Res. 2021, 41, 382-395. [CrossRef]
Sanchez, TW.; Shumway, H.; Gordner, T.; Lim, T. The prospects of artificial intelligence in urban planning. Int. J. Urban Sci.
2023, 27, 179-194. [CrossRef]

Bibri, S.E. Advances in Smart Sustainable Urbanism: Data-Driven and Data-Intensive Scientific Approaches to Wicked Problems.
In Proceedings of the 4th International Conference on Smart City Applications, in SCA "19, Casablanca, Morocco, 2—4 October
2019; Association for Computing Machinery: New York, NY, USA, 2019. [CrossRef]

Yigitcanlar, T.; Kankanamge, N.; Regona, M.; Maldonado, A.; Rowan, B.; Ryu, A.; DeSouza, K.C.; Corchado, ].M.; Mehmood, R.;
Li, R Y.M. Artificial Intelligence Technologies and Related Urban Planning and Development Concepts: How Are They Perceived
and Utilized in Australia? ]. Open Innov. Technol. Mark. Complex. 2020, 6, 187. [CrossRef]

Abduljabbar, R.; Dia, H.; Liyanage, S.; Bagloee, S.A. Applications of Artificial Intelligence in Transport: An Overview. Sustainability
2019, 11, 189. [CrossRef]

Kamrowska-Zatuska, D. Impact of Al-Based Tools and Urban Big Data Analytics on the Design and Planning of Cities. Land
2021, 10, 1209. [CrossRef]

He, W.; Chen, M. Advancing Urban Life: A Systematic Review of Emerging Technologies and Artificial Intelligence in Urban
Design and Planning. Buildings 2024, 14, 835. [CrossRef]

Peng, Z.-R.; Lu, K.-F; Liu, Y.; Zhai, W. The Pathway of Urban Planning Al: From Planning Support to Plan-Making. J. Plan. Educ.
Res. 2023, 44, 2263-2279. [CrossRef]

Son, T.H.; Weedon, Z.; Yigitcanlar, T.; Sanchez, T.; Corchado, ].M.; Mehmood, R. Algorithmic urban planning for smart and
sustainable development: Systematic review of the literature. Sustain. Cities Soc. 2023, 94, 104562. [CrossRef]

Othengrafen, F; Sievers, L.; Reinecke, E. From Vision to Reality: The Use of Artificial Intelligence in Different Urban Planning
Phases. Urban Plan. 2025, 10, 8576. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1017/S0890060415000360
https://doi.org/10.1177/2399808319894986
https://papers.cumincad.org/cgi-bin/works/paper/ecaade2011_108
https://doi.org/10.1016/j.cities.2018.03.018
https://doi.org/10.1007/978-94-010-1834-0_3
https://doi.org/10.24818/18423264/52.3.18.18
https://doi.org/10.1177/0739456X18793716
https://doi.org/10.1080/12265934.2022.2102538
https://doi.org/10.1145/3368756.3369032
https://doi.org/10.3390/joitmc6040187
https://doi.org/10.3390/su11010189
https://doi.org/10.3390/land10111209
https://doi.org/10.3390/buildings14030835
https://doi.org/10.1177/0739456X231180568
https://doi.org/10.1016/j.scs.2023.104562
https://doi.org/10.17645/up.8576

	Introduction 
	Overview 
	Emerging Evidence and Toolsets 

	Methodology 
	A Comparison of EBDP Projects 
	A Review of Selected Projects Undertaken by Space Syntax Limited (SSL) 
	Trafalgar Square 
	Darwin City Centre 
	Evidence Informed, Adaptable, Implementation Frameworks for Jeddah’s Unplanned Settlements 
	City of Astana (Nur-Sultan at the Time) Master Plan 

	A Review of Selected Projects from SOCIETY and Urban Form (SURF) Lab—University of Cyprus 
	Design Improvements Supporting Active Travel Around Secondary Schools (DESIRE) 
	Assessing Accessibility and Connectivity to Greenspaces (Nicosia Linear Park) at Urban Scale 


	Generalisation and Synthesis 
	Generalisation 
	Synthesis 
	Elaboration 
	Clarification and Objective Setting 
	Analysis—Building a Comprehensive Evidence Base 
	Design—Evidence Informed Options Exploration 
	Evaluation and Feedback 


	Towards a Conceptual Model for Operationalising Evidence-Based Design and Planning: An Analytical, Multi-Scalar and Iterative Framework 
	References

