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ABSTRACT

In the late 1970s, Space Syntax emerged as a way of understanding the built environment as a
set of relations between spatial arrangements and overarching social, economic, and political
processes. This understanding arose at a time when traditional modes of thinking on
architecture and cities had been supplanted by modernist ideologies and the limitations of
reductionist models of buildings and cities were becoming evident. The discourse of space syntax
showed that analytical approaches to design and planning could not only identify problematic
instances of realized projects but could also be applied to assess prospective design and

planning programmes.

Despite technological advancements, the adoption of space syntax has largely remained
confined to academia and specialized firms, limited by the complexity required to implement
these theories and the financial overheads of integrating advanced analytical processes. This
paper considers the emergence of Evidence-Based Design and Planning (EBDP) as a framework
which potentially aids the adoption and scaling of analytical approaches — including Space
Syntax — to the design and planning field more generally. We provide a brief overview of
perspectives on EBDP, introduce examples of evidence in both procedural and scientific forms,
and review the quickly evolving ecosystem of open data sources and computational toolsets that

are increasingly available.
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Maturing EBDP analytic toolsets and design methodologies are increasingly capable of
overcoming technical and financial hurdles which historically hindered adoption of analytical
approaches, therefore enhancing the applicability and scalability of evidence informed analytical
approaches in urban design and planning. However, whereas such methods are increasingly

powerful, accessible, and generalisable, challenges to their adoption remain.
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1 INTRODUCTION

Evidence-Based Design and Planning (EBDP) emerged from a historical progression in the use of
empirical observation, analysis, and systematic inquiry into design and planning methodologies.
Early usage of observation and analysis to inform planning decisions can be seen, for example,
in the work of Patrick Geddes who championed contextual analysis and advocated “survey
before plan” and "diagnosis before treatment", emphasising the observation of existing
conditions before implementing context-sensitive, minimally invasive interventions through

“conservative surgery” (Batty and Marshall, 2017).

The desire to improve living conditions and the function of cities continued apace with the rise
of modernity, heralding significant technological progress accompanied by utopian conceptions
of idealised cities. These ambitious plans were aimed at addressing the challenges of rapid
urbanisation driven by industrialisation and the consequential changes to urban populations
and their spatial dynamics. Emerging technologies prompted new planning and design
paradigms through what were — at the time — seen to be rational and scientifically informed
approaches. Reimagined and remodelled cities were to optimise considerations such as the
mass provision of housing, expansive motorways for private vehicles and transportation
schemes, access to light, and generous green spaces (Corbusier, 1967). Though well intentioned,
many modernist interventions and the ensuing ideas have caused a legacy of damage to cities
with the issues clearly framed at the time by Jane Jacobs and Christopher Alexander. Heavy-
handed and large-scale interventions had caused spatial fragmentation of the urban fabric at
the human scale, lacking the finer-grained spatial complexity associated with liveable

neighbourhoods and historic cities (Alexander, 2012; Jacobs, 2011; Whyte, 1980).

The criticisms voiced did not necessarily reject the incorporation of analytical thinking into

design and planning (for example, both Jacobs and Alexander anticipated aspects of network
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analysis), though precipitated an era of reflection on the nature of cities and the “kind of
problem” they represented, presaging a more contemporaneous perspective of cities as
complex systems (Batty and Longley, 1994; Batty, 2013). This signalled an important paradigm
shift where it became increasingly clear that a proclivity for scientific reductionism and
engineered optimisation stood at odds with the rich spatial complexity underpinning the
sustained development and growth of cities, with deep implications for their liveability and
resilience. It would take some decades for more appropriate ways of measuring and analysis to
emerge, including the genesis of Space Syntax (Hillier and Hanson, 1984). Over time, a broader
family of methods spanning spatial analysis, landuse and mixed-use analysis, network analysis,
and demographics and statistics more generally, has become widely accessible through open-
source software. Related toolsets are increasingly refined, the data necessary to apply these
techniques is more accessible, and the techniques to extract information through statistical and

machine learning techniques are now available to a wider audience.

Against this backdrop, it is important to anticipate how EBDP and related developments can
address barriers to wider adoption and scaling of analytic methods, including the use of Space
Syntax. We commence with a broad overview of related literature and perspectives, proceeding
to then review two notable forms of evidence and their ramifications: First, is the burgeoning
scientific evidence base as spearheaded by the medical community. This form of statistical
evidence underpinned by spatial analytic techniques continues to grow, linking urban design to
factors such as walkability, health, energy, transport, economics, pollution, and climate. These
studies are providing increasingly actionable information and can underpin evidence informed
approaches to policy and planning; we provide examples of these forms of evidence to illustrate
their form and potential breadth and utility for the design and planning community. Second, is
the use of measurable methods to quantify characteristics of urban form as an iterative design
evaluation tool, which can then be used to assess existing versus new and scenario against
scenario. This form of evidence generation is readily utilized in Space Syntax and can be aided
by the emergence of new analytic methods and data sources. We conclude with high-level
overview of emerging tools, data-sources, and related challenges to their adoption in EBDP. We
then conclude that EBDP developments are largely supportive to the furthered development
and utility of Space Syntax, and that the potential of EBDP approaches is immense if the

educational and technical barriers to adoption are successfully addressed.

2 THE EMERGENCE OF EBDP
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Design and planning strategies of 19" and 20" centuries resulted in the generation of spatial
layouts with disregard for social and physical context (Hgjriis et al., 2014) leading to misjudged
interventions in the political, social and physical continuum (Carmona, 2014). These modernist
and non-evidential approaches, widely formalised as land-use zoning policies, resulted in
widespread segregation of residential and core service areas as an attempt to improve the
urban experience (Macionis and Parrillo, 2001, p. 61; Sevilla-Buitrago, 2022, p. 111). These
design approaches reduced generative social interaction through designing-out of the human
scale (Gehl, 2010); controlled access to places, activities, resources, and information
(Madanipour et al., 2000) introduced spatial barriers to interaction at the pedestrian scale and
impeded social and functional integration. These observations, which stemmed from earlier
criticisms originating with thinkers such as Jacobs, Mumford, and Whyte, were progressively
developed and have given rise to methods which have increasingly sought to incorporate

evidence and analytical thinking into design and planning of the built environment.

EBDP can be framed to have emerged in the postmodern context of the 20t century to address
the manyfold and complex considerations in urban design and planning. Zeisel (1984) critically
investigates evidence-informed methods and recognizes four categories of evidence feeding
into the cycle of design and planning process: personal experiences (Jones, 1970; Korobkin,
1976), observations (Zeisel, 1975), design publications, and analytical review of implemented
design (Foz, 1972). In the late 90s the Urban Task Force (UK) highlighted the importance of
evidence-based planning, rigorous analysis and data-driven decision-making in shaping cities
(Rogers, 1999). At a territorial level, the European Spatial Development Perspective made an
effort to bring cohesion and cooperation across European countries through scientific approach
and sharing of knowledge, experience, and evidence in planning (European Commission and
Directorate-General for Regional and Urban Policy, 1999). From the early 2000s, the European
spatial planning observation network (ESPON) has provided tools and reference benchmark
datasets for cooperative evidence-based planning. These forms of evidence-based approaches
are potentially instrumental for tackling the challenges of sustainability and social inclusivity

through the generation of evidence informed policy.

Literature and discussion on EBDP has spanned different perspectives on its use and relevance.
For example, Clarence (2002) looks at EBDP from a policymaking point of view and argues that
although evidence is important, it is only one factor among many in the complex and messy
process of policymaking. On the other-hand, Davoudi (2006) examines a body of literature,
policy, and experiences to demystify the ideas underpinning EBDP and provides an account of

EBDP, recognising that there are limitations and potential biases in evidence and in the
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generalisability of evidence and methods. Faludi and Waterhout (2006) introduce the term
evidence-based planning and examine the extent to which evidence is being incorporated into
the practice of planning, arguing that it is the intention that differs from previous efforts, in that
it intends to maximize performance. Later, Davoudi (2012), through examination of positivist
and traditional approaches to planning, warns against over-emphasis and over-confidence with
regards to scientific approaches in planning. While calling for a change in traditional and
objective thinking about space, she calls for careful consideration and improvement in
interpretability of evidence and analytical thinking. It should be noted that many of these
perspectives and categorizations do not necessarily reflect the more recent emergence of
crowd-sourced and big-data alongside rapidly advancing spatial analysis and modelling

techniques.

A distinction can be made between evidence-based design and planning (EBDP), research
informed design (RID), and data-driven design (DDD). EBDP centres on the facilitation of
available evidence into the design and planning cycle to address the complexity of urban
phenomena across a range of considerations, with the aim of providing a holistic solution while
leaving room for change and future adaptability. What is subject to improvement in the framing
of EBDP is its applicability across scales and the integration of the process into technical and
theoretical processes. In contrast to EBDP, RID involves the examination of specific cases to
understand a narrowly defined area and how this affects the design process. Peavey and Vander
Wyst (2017) provide a matrix explaining, step-by-step, the differences between the two. In
general, the RID approach investigates a narrowly defined problem and applies the outcome
broadly, while EBD investigates a broadly defined problem and applies the outcomes narrowly.
Data-driven design, on the other hand, mainly relies on big data and is centred on

technologically driven methods and computational thinking (Sailer et al., 2015).

With these considerations, it can be posited that Evidence-Based Design and Planning (EBDP)
functions as a comprehensive conceptual framework which allows evidence and data to be
incorporated into the design process in a systematic way to inform and enhance the resultant
solutions. Originating from a critique of the rigid paradigms inherent in traditional and
modernist perspectives on spatial planning and design, EBDP aspires to align design and
planning with concurrent economic, cultural, and political research and processes. In design and
planning practice, this framework can be considered as an iterative evaluation cycle providing a
feedback loop for successive stages of work, thereby informing the decision-making process.

Apart from prioritising evidence over intuition, EBDP differs from conventional design and
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planning processes in that it allows for changes at each stage of iteration as evidence is taken

into consideration.

3  CHALLENGES TO THE APPLICATION OF EBDP

EBDP informs the process of design and planning through evidence and science-based analytical
methods to address the shortcomings of rigid ideologic approaches to spatial design and
planning. This places EBDP in a larger emerging field of the science of cities (Batty, 2013).
Marshall (2012) considers potential caveats of adopting a scientific approach in urban planning
and design: whereas personal experiences and observations are among the main forms of
evidence informing the design process, the emerging evidence-based approaches sometimes
rely heavily on big data and statistical methods. Marshall notes that these approaches may be
used while overlooking existing scholarship and ignoring an element of ground-truthing.
Oversimplified representations of urban models, spurious precision, or overstated claims in
findings derived from data-centric approaches may jeopardise the use of evidential thinking in

urban planning and design.

The gap between technical analysis and application to real-world problems, or the lack of
availability of consistent and accurate datasets, poses a substantial challenge to the
implementation of standardised analytical workflows. Further, on an intellectual level, the
challenge of adopting evidence-based methods within the tradition of the design and planning
disciplines requires an appreciation and objective understanding of the analytical methods
used, as well as the subjective relationships driving urban processes and a space’s materiality.
Given the results provided by evidence-based methods, EBDP is premised on a cause-and-effect
relationship between the evidence and an outcome. This has been noted by Nes and Yamu
(2020) in relation to Space Syntax; adoption of theories and application of these to analytical
evidence may primarily suggest a causal relationship, while other considerations such as

cultural, political or social factors may also be needed to more fully explain phenomena.

From the “grand” point of view, the adoption of evidence-based practices within traditional
establishments can be seen as a form of innovation. While incorporation of evidence into design
thinking is not technically an innovation, the holistic approach as well as the iterative feedback
informing the process is less frequently practiced. Rogers (2003) discusses the adoption of
innovative practices into stages of knowledge, persuasion, implementation, and confirmations
stages. From a practical point of view, pioneering EBDP theories and practices such as space

syntax face challenges in all stages of adoption. Raford (2010) lays these out in relation to
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Rogers’ stages and argues that evidence-based practices such as space syntax have a high
degree of complexity — in terms of theory and technical implementation — as well as little room
for trialability. This causes lack of sufficient exposure to users — in this case designers and
planners — which both reduces the confidence in using such methods on behalf of users and
clients and increases the risks of incorporating them into the design and planning protocols.
Further, it is important to note that within the conventional design and planning discourse,
finding room for trialling and the incorporation of experimental steps to improve the solutions
induces additional financial demands on the project, which many are reluctant to accept. Lastly,
like all urban-related practices there can be a long duration time lag between implementation
and post-occupancy assessments of EBDP practices, thus reducing its potential impact on policy

and wider adoption. (Bolton et al., 2017)

4 EXAMPLES OF EVIDENCE

There are potentially multiple types of evidence which may be generated or applied in different
ways. There are two notable forms of evidence with significant relevance for the design and
planning process. The first — scientific evidence — has received widespread interest from the
broader research community and provides rapidly emerging forms of tangible and actionable
evidence which may support decision-making in the design and planning context. We provide
some examples of these forms of evidence to clarify their potential form and utility. The second
— measurement as comparative evidence — entails evidence generation through iterative
analysis and comparison. This form of evidence is associated with Space Syntax methodologies
and represents an important aspect of evidence generation and design evaluation in support of

the design and planning process.
4.1 Scientific Evidence

Whereas architects, urban designers, and urban planners are increasingly aware of the need for
walkable, compact, mixed-use urbanism, it remains more difficult to implement principles such
as these in policy and practice. Researchers have found that policy wording frequently endorses
these and related concepts, but that clear targets in relation to aspirations can be lacking. In
cases where measurable targets are provided, there can be little explanation or justification for
how these were selected 12/06/2024 18:32:00. One of the challenges is that high level policy
and statistics, which may be valid at the city-scale, can be difficult to tangibly apply or measure
at the street-scale where design and planning decisions have direct effect. This issue can be

alleviated by the growing availability of open datasets and urban analysis toolsets which can be
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applied at an increasingly high resolution, with the benefit of providing more directly actionable

information for designers and planners at the local scale (Boeing et al., 2022).

An example of this is the increasingly specific associations between urban form and walkability.
Researchers have known for decades that community design is significantly associated with
moderate levels of physical activity and have used indicators such as residential density, street
connectivity, and land-use mix (Frank et al., 2005). The results of these forms of studies are
generally consistent: higher density, more connectivity, and greater mixed-uses have a positive
effect on walkability for work and amenities. In many cases of newer urban development,
walkability has, in effect, been engineered out of daily life with detrimental effects to health,
traffic congestion, and air pollution (Saelens et al., 2003). Whereas the general principles and
methods are clearly understood, the applicability of these findings can be hampered by a great

variety of methodologies and indices.

The use of open datasets and toolsets holds promise that measures can become more
reproducible and widely applicable. By way of example, recent studies looking at the results of
large scale studies on walking activity have modelled findings against specific urban attributes
to suggest actionable thresholds for population density (5700 people per km?), street network
intersection density (100 per km?), and access to public transport (25 per km?) as a guide for
constituting walkable urbanism (Cerin et al., 2022). Nevertheless, specific intricacies of how the
datasets are prepared and cleaned (e.g. street network cleaning from the study’s
OpenStreetMap sources), and how properties are measured (e.g. grid cells used in the study
versus radial cells or street network distances) can provide ongoing challenges to wider forms of

application which may involve differences in spatial analytic methodologies.

An important benefit to rigorous evidence-based studies is an increased clarity on the veracity
and limitations of common assumptions. For example, trees in the urban environment are
commonly assumed to reduce land surface temperatures and to absorb CO2 from the
atmosphere, but the benefits are more nuanced. Studies show that trees can provide wide-
ranging benefits similar to parks while requiring less space (Cimburova and Berghauser Pont,
2021). Their contribution to the reduction of land surface temperatures can be quantified and
modelled, showing, for example, that in the context of the USA the temperature reductions are
in the range of 3 degrees Celsius (Wang et al., 2018). However, studies also show a more
complex picture; perhaps counterintuitively, modelled temperature reductions in the central EU
of 8-12 degrees Celsius are greater than the reductions of 0-4 degrees for the southern EU, the

reason being that drier climates limit the evapotranspiration of the trees even if temperatures
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may be higher (Schwaab et al., 2021). Further, even if trees are widely cited as beneficial for
CO2 reduction, this is not necessarily the case in urban environments because of limited space
for trees in relation to the scale of urban emissions. The presence of trees may even hinder air

currents from removing local concentrations of air pollution (Pataki et al., 2021).

Evidence and meta-analysis can provide disambiguation on complex topics, a pertinent case
being urban compactness and population density. Density is generally positively associated with
public infrastructure, public and active transportation, economic benefits such as innovation
and productivity, and reduced greenhouse gas emissions per capita. However, density can also
be associated with detrimental effects on biodiversity, heat, social interaction, crime, pollution,
and mental health. Further, some of these effects are non-linear, for example, transport related
benefits may first increase and can then decrease for the highest densities. Whereas many of
these drawbacks can be countered with design strategies, it is, for the same reason, important
to be aware of these complex effects and potential strategies for their mitigation. This is made
more challenging to anticipate when planning policy tends to gloss over the potential for

detrimental effects (Berghauser Pont et al., 2021; Demystifying compact urban growth, 2018).

Medical and health research remains a strong driver of evidence-based research. For example,
the effect of urban form on physical activity and obesity is robustly documented; notably, the
IPEN physical activity and weight data gathered from 14,000 participants in 12 countries over 5
continents has been used to document associations for factors such as population density,
intersection density, land-use mix, access to parks, transit stops, and composite indices
combining these considerations. Positive outcomes are observed for physical activity, walking
for transport and leisure, Body Mass Index, and the prevalence of obesity (Sallis et al., 2020).
However, it should be noted that associations were not as consistently strong when measured
against GIS data as compared to self-reported measures, possibly indicating a need to further
refine GIS methodologies and the local-scale spatial precision of these forms of analysis. The
impact of cities and urban form on health is far-ranging, with examples including the impact of
nature on mental health (Bratman et al., 2019) and of trees on antidepressant prescriptions
(Marselle et al., 2020). Application of evidence-based health metrics in the urban environment
has been used to quantify the impact of Barcelona’s Superblock model which estimates a
reduction of premature deaths (Mueller et al., 2020) based on an analysis of green spaces and
mortality (Gascon et al., 2016), physical activity (Woodcock et al., 2011), air pollution (Atkinson

et al., 2018), and air temperatures (Guo et al., 2014).
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Evidence is further instrumental in clarifying the impact of planning and transportation policy
decisions on the reduction of Greenhouse Gas Emissions. For example, active transportation
analysis for the EU shows, in tangible terms, the potential reduction in emissions per person
because of mode-shift from cars to active transportation and from cars to public transportation,
with cyclists having 85% lower lifetime emissions than non-cyclists. A 10% mode-shift from cars
to bicycle can result in a 10% reduction in emissions, with a 3% reduction likewise possible for a
10% mode-shift from cars to public transportation (Brand et al., 2021). Research also provides
substantial clarity on mobility transition policies. In the context of the United Kingdom, a rapid
and large-scale reduction in car usage will be necessary to meet emissions reduction targets.
Reliance on electrification is not sufficient to meet air pollution reduction targets, therefore
requiring greater focus on active transportation, public transportation, and local landuse

accessibilities to encourage walkability (Winkler et al., 2023).

Scientific evidence is further helpful in providing the impetus for supporting local planning
decisions in the context of reactionary opposition to interventions supporting pedestrian and
high-street. For example, cycling and pedestrian schemes are shown to have a generally positive
impact on the economic performance of retail stores (Volker and Handy, 2021). Both Transport
for London (“Walking & cycling: the economic benefits,” n.d.) and the NYC Department for
Transportation (“The economic benefits of sustainable streets,” n.d.) have generated collections
of statistics and urban design cases documenting the benefits of pedestrian-focused

enhancements to the urban fabric.
4.2 Measurement as Comparative Evidence

Whereas the above describes forms of evidence derived from studies, we now turn our
attention to the use of measurement-based analytic techniques which are applied as iterative
design evaluation tools. It can be argued that a significant feature of EBDP is the use of
geospatial data and spatial analytical methods and models. As suggested by Karimi (2012), the
application of analytical tools for urban design and planning allows for the creation of an
analysis baseline and the use of design evaluation stages where solutions or ideas can be
assessed against benchmarks. With utilization of data-intensive methods and cross-disciplinary
modelling and analytical methods, measurement can be used as a form of evidence providing a
framework for comparing initial ideas and successive iterations of outputs. Thus, measurement
as comparative evidence enables project development to have comparative measured
alternatives at different stages. This facilitates the definition of the design problem through

generating an evidence case before, during, or after the implementation of the project.
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Figure 1 Evidence-based design and planning problem definition

As shown in Figure 1, the analytical thinking in EBDP and the use of measurement as evidence
provides the possibility to inform, revise, or redefine the design and planning problem according
to the available information and development stage of the project. While the nature of the
measured data and scale of the project may vary substantially, this framework is generally
applicable to varied urban design and planning problems. Collecting data either through
empirical or quantitative methods, this EBDP framework is applicable from micro to macro

scales, and these methods can be further scaled using quantitative methods and automated

workflows.
Empirical approaches Quantitative methods
Input data Observation — Not reproducible Numerical data — reproducible
Scale of analysis Micro, Meso Meso, Macro
Data collection Observation, gate counting etc Official census, remote sensing,
crowdsourcing, GIS, etc
Analytical techniques Statistical methods, participatory Spatial statistics, mathematical
methods, evaluation and feedback modelling, geostatistics
loops

Table 1 categories of urban design and planning problems

Moreover, the measurement, whether derived from models such as a spatial street network
model or collected datasets, undergoes a series of stages including cleaning, exploration, and
processing. This iterative process may provide feedback to revisit and potentially revise the
initial problem definition, or to move forward towards facilitation of further processing and idea

generation. In Figure 2, the loop depicted in the early stages of the project highlights the
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dynamic interaction between data collection and modelling, indicating that initial

measurements can prompt refinements and revisions to the problem definition.

v 1 ¥ 1
tCOIIecting H Cleaning H Exploring H Processing HModellingJ
L )

Figure 2 Data collection and processing loop. Adopted from (David S. Jordan, 2023)

In this context, input data for spatial analysis can be obtained through direct collection (see
Figure 3), capturing features with spatial properties, or indirectly by considering intrinsic
properties such as network centrality values. When incorporating data with spatial features
directly, it's crucial to recognize that the collected data falls into two distinct categories. The
first category comprises static material features such as buildings or natural elements, which
are surveyed and mapped, their accuracy reliant on the resolution of observation and are
subject to temporal changes. The second category involves recorded data linked to specific
spatial units (e.g., a room, a street, or a 10x10km land grid) presented as aggregated values,

such as vehicular speed data for a given street.
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+ Roads lane segments
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« etc
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» Spatial engagement/co-presence
» Vehicular speed
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« Geo-tagged heat level spatial unit

» efc

Static features
.

Direct data collection

Statistically

Dynamic features
.

Figure 3 Dynamic and static spatial features

Further to direct data collection which shapes an evidence-informed framework, there are
intrinsic attributes to the space that can inform spatial design. From this end, modelling,
analysis, and measurement can unravel intangible or less obvious properties of space that
would impact dynamics. While space syntax is a good example of such models — representing
space as spatial configuration — the field of spatial analysis and modelling has advanced to

provide other examples such as fractal geometries (Batty and Longley, 1994), gravity models
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(Thompson et al., 2019), applied percolation theory (Arcaute et al., 2016), and other modelling

and interpretation methods providing evidence from niche perspectives into spatial properties.

The plethora of evidence, modelling, and analytical techniques poses the challenge of how to
use these rich and complex assortments of information as part of the design and planning
process. In this respect, there have been attempts by the space syntax community to develop
integrated models (Acharya et al., 2017) where the model iteratively blends a multitude of
evidential inputs into a spatial network model optimising the balance between arrangement,
order, structure, and functionality. A possible step towards these approaches is detailed by
Karimi (2023) through synthesising analysis, interpretation, development, and idea generation
in a manner that accommodates the use of evidence from different angles. The increased
computational capacity requirements of such methods may require optimisation strategies and

cross-disciplinary approaches.
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Figure 4 EBDP feedback loop

Figure 4 summarizes the suggested feedback loop for evidence-based design and planning while
exemplifying how varied kinds of information and/or analysis can be fed into the process as
evidence. This suggested pipeline relies on accommodating different formats of evidence (e.g.,
public consultation vs. traffic flow) while weighting the evidence based on an analytical output
from a previous stage. From this perspective, different forms of feedback would enhance the
outcome. Trying to avoid unnecessary and conflicting loops, this pipeline is structured in 4
stages of initial exploration, feasible development area study, option exploration and option

evaluation, before suggesting a final output option.

Reducing the demand for computational capacity, this pipeline initially develops a baseline
analysis with automated workflows and the use of openly available datasets. This frames the
extents of a detailed feasibility development stage where multitude of analytical models and

data is fed to shape a detailed integrated urban model (IUM) and options are produced to be
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assessed against initial agenda, public image, time/cost benefit etc. While the pipeline is flexible
to accommodate change in iterations, the logical process of the pipeline points out to one
concluding option which underpins all considerations based on their weighting and feasibility.
Starting from space syntax analysis as an umbrella term for socio-spatial analysis (Karimi, 2018),
the following expands on the way in which relying on open data and method and automate

workflows facilitates this process.

5 DATA AND METHODS

A proliferation of emerging geospatial and demographic data sources has made it increasingly
feasible to apply quantitative forms of analysis to the derivation of useful insights for evidence
informed design and planning. It is, nevertheless, necessary to be aware of several nuances
regarding the different forms of datasets and their potential usage, as well as the range of
potential analytical toolsets and interfaces and how these might be suited to different forms of

analysis and the varying skillsets of users.
5.1 Open Data and Generalisability

An important driver of the adoption of data and evidence informed urban analytical techniques
is the availability of data. A fundamental distinction can be made between open data and its
more restrictive proprietary counterparts. Closed data sources tend to hinder the adoption and
applicability of analytical methods because the financial costs of data procurement can be
substantial and restrictive licensing conditions may ringfence how such data is used and impacts
whether results can be published or generalised. Open data sources, on the other hand, are
freely available and tend to have significantly more permissive licenses. This makes it feasible
for researchers to exploit these data sources with the benefit that resultant research and
methodologies can become more widely available with a greater likelihood of adoption. Open
data research and usage has accordingly been bolstered by the growing availability of open data
licenses used by national governments such as the United Kingdom’s Open Government License,
under which data sources such as the Office for National Statistics census units and
demographic statistics are available to users with a clear and permissive policy. Government
level organisations, such as EU Copernicus, have likewise adopted open forms of data licensing,
though in some cases, such as the United Kingdom’s Ordnance Survey, only higher-level or
simplified subsets of data are made openly available (e.g. OS OpenStreets) to preserve

commercial interests through sales of richer content datasets (e.g. ITN, or MasterMap).
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An interrelated subtlety is that international scale open datasets are highly generalisable from
location to location. Examples include the Global Human Settlement Layer which openly
publishes datasets such as global population (Schiavina et al., 2023a) and high density clusters
(Schiavina et al., 2023b). OpenStreetMap (OpenStreetMap contributors, 2017) has become a
notable repository of global scale urban information, and is resultantly immensely popular with
urban analytics researchers because the widespread coverage provides international availability
of data and allows research methods and findings to be applied in a more generalisable and
replicable manner (Boeing et al., 2022). The caveat is that the reliance on crowd-sourced data
and maintenance implies a greater variability in data quality; regions of the world without active
local mapping contributors may have less robust data with the consequence that fewer forms of
metrics can be computed. On the contrary, areas with high numbers of active contributors may

be better mapped or updated more frequently than the equivalent official national datasets.
5.2 Variety of methods

A hindrance to the wider spread adoption of urban analytics as general-purpose planning tools
is the overwhelming variety of methods and indices (Yap et al., 2022). Whereas researchers may
increasingly untangle specific urban form characteristics in relation to target metrics such as
walkability (Cerin et al., 2022), these can be difficult to apply in general usage because small
changes in dataset preparation (e.g. OSM queries), data pre-processing and classification (e.g.
network cleaning), procedural methodologies, and computational toolsets can undermine the
direct interpretability or comparability of findings across working contexts. As a result, two
general approaches have emerged. Firstly, the generation of large scale “horizontal” or light-
weight models where the same data and methodological processes are applied for comparative
forms of analysis across large spatial extents, thereby facilitating consistency and comparability
(Boeing, 2018; Yap and Biljecki, 2023), though this approach can be complicated by the reliance
on OSM data which can vary in quality from location to location. Secondly, the more typical

|II

location specific “vertical” models based on contextually targeted analysis. While this latter
approach is hard to scale and therefore not generalisable, it is more familiar to traditional forms

of observational evidence and analysis.

The benefits of the lightweight modelling approach include the ability to model parameters and
the automation of analytical workflows, though require a substantial degree of urban analytic
skills more commensurate with specialised urban data science and geospatial analysis.
Nevertheless, the outputs of these datasets can be used to develop bigger-picture forms of

analysis comparing a variety of metrics across geographic locations and city-sizes, allowing for
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the extraction of statistics and models. The benefit of these forms of comparative analysis is
that outliers and patterns can be deduced, which may then inform subsequent benchmarking
and decision making. (The authors are exploring the potential relevancy of these methods for

the analysis of EU high-density clusters, with findings to be published separately.)
5.3 Methods and Toolsets

A barrier to wider adoption of quantitative methods is the use of geospatial data and related
concepts which are not typically taught to students of architecture and urban design
programmes. This includes concepts and methods such as Coordinate Reference Systems (e.g.
geographic, projected, EPSG codes), geospatial data formats (e.g. Shapefile, Geopackage),
geospatial databases for handling large datasets (e.g. Postgres & PostGlS), GIS platforms (e.g.
QGIS), geometric data types (e.g. Points, Linestrings, Polygons, rasters), and related spatial
operations (e.g. buffer, union, difference). Further, even where these methods are conveyed to
scholars, approaches such as network analysis and methods for computing landuse
accessibilities require access to specialised plugins or programming packages, presenting a

further technical barrier to adoption.

The most accessible tools are those packaged as plugins to GIS interfaces (Hugentobler, 2017),
such as the Space Syntax Toolkit (Gil et al., 2015) and the Place Syntax Tool (Stahle et al., 2023).
These may still require some oversight and initial instruction on usage, as well as familiarity
with the concepts underpinning the forms of analysis, but do not otherwise require direct
knowledge of programming. Whereas standalone software packages have also been developed,
such as DepthmapX (Turner et al., 2020), a growing assortment of programming packages have
also emerged. These vary greatly in terms of their emphasis but also present overlap, even if
underlying technicalities may differ. Due to being based on the open-source software
ecosystem, the underlying data formats and workflows build on similar underlying packages
such as networkX (Hagberg et al., 2008) and Geopandas (Jordahl et al., 2020) with the
implication that urban analytics toolsets can often be used in combination. Notable examples
include, OSMnx (Boeing, 2017), which places emphasis on the retrieval of OSM data and
downstream analytics; Momepy (Fleischmann, 2019), which emphasises built form and
morphological indicators, and Cityseer (Simons, 2023), which emphasises workflows for street-
level high-resolution network centralities, landuse accessibilities, and statistical aggregations.
Whereas these packages and the Python geospatial software ecosystem may seem highly

technical to non-programmers, online documentation and the emergence of Al tools are
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accelerating learning and development, making these toolsets increasingly accessible to a wider

audience.

6 CONCLUSION

Evidence-Based Design and Planning (EBDP) represents a transformative approach towards
urban design and planning, integrating evidence of varied forms into design and planning
decision making processes. This shift, propelled by improved access to data and spatial
analytical tools, emphasizes the importance of informed decision-making to create sustainable,
liveable, and resilient urban environments. EBDP has been variedly described since its inception,
and continues to evolve, leveraging an increasingly diverse array of analytical tools, data
sources, and design methodologies to address contemporary challenges. EBDP’s emphasis on
iterative learning, evidence integration, and adaptability highlights its potential to underpin

change in design and policy contexts.

The broad developments encapsulated by EBDP can be seen to bolster and further leverage the
utility of existing Space Syntax approaches. Whereas Space Syntax has been at the forefront of
evidence generation through iterative and comparative measurement-based approaches, it
stands to benefit from the rapidly expanding scientific evidence base clarifying the relationship
between urban morphology and health, sustainability, and quality of life. The emergence of
these forms of evidence provides strong support for the use of analytic methods, such as Space
Syntax, in the design process. Access to emerging data sources, computational toolsets, and
modelling methods offers further benefits and extensibility, though continue to present some
challenges in the form of data access and quality, the variety and complexity of methods, and

the enduring importance of education in the use and interpretation of these methods.

The adoption of EBDP currently continues to be challenging outside of academia due to
conceptual complexity and reliance on Geographic Information Systems (GIS) and
computational knowledge, which are beyond the traditional purview of design and planning
education. Al may lower the barrier to entry but introduces a risk that practitioners might use
these forms of increasingly accessible tools without sufficiently understanding their nuances.
Similarly, the trend-cycles of buzz-words — Smart Cities, The Internet of Things, Machine
Learning and Artificial Intelligence, Digital Twins — may be misapplied to mask newly
reductionist interpretations of cities in the guise of urban analytics, much as was the case for
modernism, even if the underlying technologies may be useful when applied judiciously

(Sterling, 2014; Townsend, 2013).
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